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The "Industrial Revolution" in the Home: 
Household Technology and Social Change 
in the 20th Century 
RUTH SCHWARTZ COWAN 

When we think about the interaction between technology and soci- 
ety, we tend to think in fairly grandiose terms: massive computers 
invading the workplace, railroad tracks cutting through vast wilder- 
nesses, armies of woman and children toiling in the mills. These 
grand visions have blinded us to an important and rather peculiar 
technological revolution which has been going on right under our 
noses: the technological revolution in the home. This revolution has 
transformed the conduct of our daily lives, but in somewhat unex- 
pected ways. The industrialization of the home was a process very 
different from the industrialization of other means of production, 
and the impact of that process was neither what we have been led to 
believe it was nor what students of the other industrial revolutions 
would have been led to predict. 

* * * 

Some years ago sociologists of the functionalist school formulated 
an explanation of the impact of industrial technology on the modern 
family. Although that explanation was not empirically verified, it has 
become almost universally accepted.1 Despite some differences in 
emphasis, the basic tenets of the traditional interpretation can be 
roughly summarized as follows: 

Before industrialization the family was the basic social unit. Most 
families were rural, large, and self-sustaining; they produced and 
processed almost everything that was needed for their own support 
and for trading in the marketplace, while at the same time perform- 

DR. COWAN, associate professor of history at the State University of New York at 
Stony Brook, is currently engaged in further research on the development of house- 
hold technology and its impact upon women. This paper is based upon a presentation 
by Dr. Cowan at SHOT's 1973 annual meeting in San Francisco. 

'For some classic statements of the standard view, see W. F. Ogburn and M. F. 
Nimkoff, Technology and the Changing Family (Cambridge, Mass., 1955); Robert F. 
Winch, The Modern Family (New York, 1952); and William J. Goode, The Family (En- 
glewood Cliffs, N.J., 1964). 

1 
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2 Ruth Schwartz Cowan 

ing a host of other functions ranging from mutual protection to en- 
tertainment. In these preindustrial families women (adult women, 
that is) had a lot to do, and their time was almost entirely absorbed by 
household tasks. Under industrialization the family is much less im- 
portant. The household is no longer the focus of production; produc- 
tion for the marketplace and production for sustenance have been 
removed to other locations. Families are smaller and they are urban 
rather than rural. The number of social functions they perform is 
much reduced, until almost all that remains is consumption, socializa- 
tion of small children, and tension management. As their functions 
diminished, families became atomized; the social bonds that had held 
them together were loosened. In these postindustrial families women 
have very little to do, and the tasks with which they fill their time have 
lost the social utility that they once possessed. Modern women are in 
trouble, the analysis goes, because modern families are in trouble; 
and modern families are in trouble because industrial technology has 
either eliminated or eased almost all their former functions, but mod- 
ern ideologies have not kept pace with the change. The results of this 
time lag are several: some women suffer from role anxiety, others 
land in the divorce courts, some enter the labor market, and others 
take to burning their brassieres and demanding liberation. 

This sociological analysis is a cultural artifact of vast importance. 
Many Americans believe that it is true and act upon that belief in 
various ways: some hope to reestablish family solidarity by relearning 
lost productive crafts-baking bread, tending a vegetable garden 
-others dismiss the women's liberation movement as "simply a bunch 
of affluent housewives who have nothing better to do with their time." 
As disparate as they may seem, these reactions have a common 
ideological source-the standard sociological analysis of the impact of 
technological change on family life. 

As a theory this functionalist approach has much to recommend it, 
but at present we have very little evidence to back it up. Family history 
is an infant discipline, and what evidence it has produced in recent 
years does not lend credence to the standard view.2 Phillippe Aries 
has shown, for example, that in France the ideal of the small nuclear 
family predates industrialization by more than a century.3 Historical 
demographers working on data from English and French families 
have been surprised to find that most families were quite small and 

2This point is made by Peter Laslett in "The Comparative History of Household and 
Family," in The American Family in Social Historical Perspective, ed. Michael Gordon (New 
York, 1973), pp. 28-29. 

3Phillippe Aries, Centuries of Childhood: A Social History of Family Life (New York, 
1960). 
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"Industrial Revolution" in the Home 3 
that several generations did not ordinarily reside together; the ex- 
tended family, which is supposed to have been the rule in preindus- 
trial societies, did not occur in colonial New England either.4 Rural 
English families routinely employed domestic servants, and even very 
small English villages had their butchers and bakers and candlestick 
makers; all these persons must have eased some of the chores that 
would otherwise have been the housewife's burden.5 Preindustrial 
housewives no doubt had much with which to occupy their time, but 
we may have reason to wonder whether there was quite as much 
pressure on them as sociological orthodoxy has led us to suppose. The 
large rural family that was sufficient unto itself back there on the 
prairies may have been limited to the prairies-or it may never have 
existed at all (except, that is, in the reveries of sociologists). 

Even if all the empirical evidence were to mesh with the func- 
tionalist theory, the theory would still have problems, because its logi- 
cal structure is rather weak. Comparing the average farm family in 
1750 (assuming that you knew what that family was like) with the 
average urban family in 1950 in order to discover the significant social 
changes that had occurred is an exercise rather like comparing apples 
with oranges; the differences between the fruits may have nothing to 
do with the differences in their evolution. Transferring the analogy to 
the case at hand, what we really need to know is the difference, say, 
between an urban laboring family of 1750 and an urban laboring 
family 100 and then 200 years later, or the difference between the 
rural nonfarm middle classes in all three centuries, or the difference 
between the urban rich yesterday and today. Surely in each of these 
cases the analyses will look very different from what we have been led 
to expect. As a guess we might find that for the urban laboring 
families the changes have been precisely the opposite of what the 
model predicted; that is, that their family structure is much firmer 
today than it was in centuries past. Similarly, for the rural nonfarm 
middle class the results might be equally surprising; we might find 
that married women of that class rarely did any housework at all in 
1890 because they had farm girls as servants, whereas in 1950 they 
bore the full brunt of the work themselves. I could go on, but the 
point is, I hope, clear: in order to verify or falsify the functionalist 
theory, it will be necessary to know more than we presently do about 
the impact of industrialization on families of similar classes and geo- 
graphical locations. 

* * * 

4See Laslett, pp. 20-24; and Philip J. Greven, "Family Structure in Seventeenth 
Century Andover, Massachusetts," William and Mary Quarterly 23 (1966): 234-56. 

5Peter Laslett, The World We Have Lost (New York, 1965), passim. 
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4 Ruth Schwartz Cowan 
With this problem in mind I have, for the purposes of this initial 

study, deliberately limited myself to one kind of technological change 
affecting one aspect of family life in only one of the many social 
classes of families that might have been considered. What happened, 
I asked, to middle-class American women when the implements with 
which they did their everyday household work changed? Did the 
technological change in household appliances have any effect upon 
the structure of American households, or upon the ideologies that 
governed the behavior of American women, or upon the functions 
that families needed to perform? Middle-class American women were 
defined as actual or potential readers of the better-quality women's 
magazines, such as the Ladies' Home Journal, American Home, Parents' 
Magazine, Good Housekeeping, and McCall's.6 Nonfictional material (ar- 
ticles and advertisements) in those magazines was used as a partial 
indicator of some of the technological and social changes that were 
occurring. 

The Ladies' Home Journal has been in continuous publication since 
1886. A casual survey of the nonfiction in the Journal yields the im- 
mediate impression that that decade between the end of World War I 
and the beginning of the depression witnessed the most drastic 
changes in patterns of household work. Statistical data bear out this 
impression. Before 1918, for example, illustrations of homes lit by 
gaslight could still be found in the Journal; by 1928 gaslight had 
disappeared. In 1917 only one-quarter (24.3 percent) of the dwellings 
in the United States had been electrified, but by 1920 this figure had 
doubled (47.4 percent-for rural nonfarm and urban dwellings), and 
by 1930 it had risen to four-fifths percent).7 If electrification had 
meant simply the change from gas or oil lamps to electric lights, the 
changes in the housewife's routines might not have been very great 
(except for eliminating the chore of cleaning and filling oil lamps); 

6For purposes of historical inquiry, this definition of middle-class status corresponds 
to a sociological reality, although it is not, admittedly, very rigorous. Our contemporary 
experience confirms that there are class differences reflected in magazines, and this 
situation seems to have existed in the past as well. On this issue see Robert S. Lynd and 
Helen M. Lynd, Middletown: A Study in Contemporary American Culture (New York, 1929), 
pp. 240-44, where the marked difference in magazines subscribed to by the business- 
class wives as opposed to the working-class wives is discussed; Salme Steinberg, "Re- 
former in the Marketplace: E. W. Bok and The Ladies Home Journal" (Ph.D. diss., Johns 
Hopkins University, 1973), where the conscious attempt of the publisher to attract a 
middle-class audience is discussed; and Lee Rainwater et al., Workingman's Wife (New 
York, 1959), which was commissioned by the publisher of working-class women's 
magazines in an attempt to understand the attitudinal differences betweeen working- 
class and middle-class women. 

7Historical Statistics of the United States, Colonial Times to 1957 (Washington, D.C., 1960), 
p. 510. 
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"Industrial Revolution" in the Home 
but changes in lighting were the least of the changes that 
electrification implied. Small electric appliances followed quickly on 
the heels of the electric light, and some of those augured much more 
profound changes in the housewife's routine. 

Ironing, for example, had traditionally been one of the most dread- 
ful household chores, especially in warm weather when the kitchen 
stove had to be kept hot for the better part of the day; irons were 
heavy and they had to be returned to the stove frequently to be 
reheated. Electric irons eased a good part of this burden.8 They were 
relatively inexpensive and very quickly replaced their predecessors; 
advertisements for electric irons first began to appear in the ladies' 
magazines after the war, and by the end of the decade the old flatiron 
had disappeared; by 1929 a survey of 100 Ford employees revealed 
that ninety-eight of them had the new electric irons in their homes.9 

Data on the diffusion of electric washing machines are somewhat 
harder to come by; but it is clear from the advertisements in the 
magazines, particularly advertisements for laundry soap, that by the 
middle of the 1920s those machines could be found in a significant 
number of homes. The washing machine is depicted just about as 
frequently as the laundry tub by the middle of the 1920s; in 1929, 
forty-nine out of those 100 Ford workers had the machines in their 
homes. The washing machines did not drastically reduce the time that 
had to be spent on household laundry, as they did not go through 
their cycles automatically and did not spin dry; the housewife had to 
stand guard, stopping and starting the machine at appropriate times, 
adding soap, sometimes attaching the drain pipes, and putting the 
clothes through the wringer manually. The machines did, however, 
reduce a good part of the drudgery that once had been associated 
with washday, and this was a matter of no small consequence.10 Soap 
powders appeared on the market in the early 1920s, thus eliminating 
the need to scrape and boil bars of laundry soap.11 By the end of the 

8The gas iron, which was available to women whose homes were supplied with 
natural gas, was an earlier improvement on the old-fashioned flatiron, but this kind of 
iron is so rarely mentioned in the sources that I used for this survey that I am unable to 
determine the extent of its diffusion. 

9Hazel Kyrk, Economic Problems of the Family (New York, 1933), p. 368, reporting a 
study in Monthly Labor Review 30 (1930): 1209-52. 

10Although this point seems intuitively obvious, there is some evidence that it may not 
be true. Studies of energy expenditure during housework have indicated that by far the 
greatest effort is expended in hauling and lifting the wet wash, tasks which were not 
eliminated by the introduction of washing machines. In addition, if the introduction of 
the machines served to increase the total amount of wash that was done by the house- 
wife, this would tend to cancel the energy-saving effects of the machines themselves. 

"Rinso was the first granulated soap; it came on the market in 1918. Lux Flakes had 
been available since 1906; however it was not intended to be a general laundry product 

5 
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6 Ruth Schwartz Cowan 
1920s Blue Monday must have been considerably less blue for some 
housewives-and probably considerably less "Monday," for with an 
electric iron, a washing machine, and a hot water heater, there was no 
reason to limit the washing to just one day of the week. 

Like the routines of washing the laundry, the routines of personal 
hygiene must have been transformed for many households during 
the 1920s-the years of the bathroom mania.12 More and more bath- 
rooms were built in older homes, and new homes began to include 
them as a matter of course. Before the war most bathroom fixtures 
(tubs, sinks, and toilets) were made out of porcelain by hand; each 
bathroom was custom-made for the house in which it was installed. 
After the war industrialization descended upon the bathroom indus- 
try; cast iron enamelware went into mass production and fittings were 
standardized. In 1921 the dollar value of the production of enameled 
sanitary fixtures was $2.4 million, the same as it had been in 1915. By 
1923, just two years later, that figure had doubled to $4.8 million; it 
rose again, to $5.1 million, in 1925.13 The first recessed, double-shell 
cast iron enameled bathtub was put on the market in the early 1920s. 
A decade later the standard American bathroom had achieved its 
standard American form: the recessed tub, plus tiled floors and walls, 
brass plumbing, a single-unit toilet, an enameled sink, and a medicine 
chest, all set into a small room which was very often 5 feet square.14 
The bathroom evolved more quickly than any other room of the 
house; its standardized form was accomplished in just over a decade. 

Along with bathrooms came modernized systems for heating hot 
water: 61 percent of the homes in Zanesville, Ohio, had indoor plumb- 
ing with centrally heated water by 1926, and 83 percent of the homes 
valued over $2,000 in Muncie, Indiana, had hot and cold running 

but rather one for laundering delicate fabrics. "Lever Brothers," Fortune 26 (November 
1940): 95. 

12I take this account, and the term, from Lynd and Lynd, p. 97. Obviously, there 
were many American homes that had bathrooms before the 1920s, particularly urban 
row houses, and I have found no way of determining whether the increases of the 
1920s were more marked than in previous decades. The rural situation was quite 
different from the urban; the President's Conference on Home Building and Home 
Ownership reported that in the late 1920s, 71 percent of the urban families surveyed 
had bathrooms, but only 33 percent of the rural families did (John M. Gries and James 
Ford, eds., Homemaking, Home Furnishing and Information Services, President's Confer- 
ence on Home Building and Home Ownership, vol. 10 [Washington, D.C., 1932], p. 
13). 

13The data above come from Siegfried Giedion, Mechanization Takes Command (New 
York, 1948), pp. 685-703. 

"4For a description of the standard bathroom see Helen Sprackling, "The Modern 
Bathroom," Parents' Magazine 8 (February 1933): 25. 
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"Industrial Revolution" in the Home 
water by 1935.15 These figures may not be typical of small American 
cities (or even large American cities) at those times, but they do jibe 
with the impression that one gets from the magazines: after 1918 
references to hot water heated on the kitchen range, either for laun- 
dering or for bathing, become increasingly difficult to find. 

Similarly, during the 1920s many homes were outfitted with central 
heating; in Muncie most of the homes of the business class had base- 
ment heating in 1924; by 1935 Federal Emergency Relief Administra- 
tion data for the city indicated that only 22.4 percent of the dwellings 
valued over $2,000 were still heated by a kitchen stove.16 What all 
these changes meant in terms of new habits for the average housewife 
is somewhat hard to calculate; changes there must have been, but it is 
difficult to know whether those changes produced an overall saving of 
labor and/or time. Some chores were eliminated-hauling water, 
heating water on the stove, maintaining the kitchen fire-but other 
chores were added-most notably the chore of keeping yet another 
room scrupulously clean. 

It is not, however, difficult to be certain about the changing habits 
that were associated with the new American kitchen-a kitchen from 
which the coal stove had disappeared. In Muncie in 1924, cooking 
with gas was done in two out of three homes; in 1935 only 5 percent 
of the homes valued over $2,000 still had coal or wood stoves for 
cooking.17 After 1918 advertisements for coal and wood stoves disap- 
peared from the Ladies' Home Journal; stove manufacturers purveyed 
only their gas, oil, or electric models. Articles giving advice to 
homemakers on how to deal with the trials and tribulations of start- 
ing, stoking, and maintaining a coal or a wood fire also disappeared. 
Thus it seems a safe assumption that most middle-class homes had 
switched to the new method of cooking by the time the depression 
began. The change in routine that was predicated on the change from 
coal or wood to gas or oil was profound; aside from the elimination of 
such chores as loading the fuel and removing the ashes, the new 
stoves were much easier to light, maintain, and regulate (even when 
they did not have thermostats, as the earliest models did not).18 Kitch- 
ens were, in addition, much easier to clean when they did not have 
coal dust regularly tracked through them; one writer in the Ladies' 

15Zanesville, Ohio and Thirty-six Other American Cities (New York, 1927), p. 65. Also see 
Robert S. Lynd and Helen M. Lynd, Middletown in Transition (New York, 1936), p. 537. 
Middletown is Muncie, Indiana. 

16Lynd and Lynd, Middletown, p. 96, and Middletown in Transition, p. 539. 
17Lynd and Lynd, Middletown, p. 98, and Middletown in Transition, p. 562. 
O80n the advantages of the new stoves, see Boston Cooking School Cookbook (Boston, 

1916), pp. 15-20; and Russell Lynes, The Domesticated Americans (New York, 1957), pp. 
119-20. 

7 
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8 Ruth Schwartz Cowan 
HomeJournal estimated that kitchen cleaning was reduced by one-half 
when coal stoves were eliminated.19 

Along with new stoves came new foodstuffs and new dietary habits. 
Canned foods had been on the market since the middle of the 19th 
century, but they did not become an appreciable part of the standard 
middle-class diet until the 1920s-if the recipes given in cookbooks 
and in women's magazines are a reliable guide. By 1918 the variety of 
foods available in cans had been considerably expanded from the 
peas, corn, and succotash of the 19th century; an American housewife 
with sufficient means could have purchased almost any fruit or vege- 
table and quite a surprising array of ready-made meals in a can 
-from Heinz's spaghetti in meat sauce to Purity Cross's lobster a la 
Newburg. By the middle of the 1920s home canning was becoming a 
lost art. Canning recipes were relegated to the back pages of the 
women's magazines; the business-class wives of Muncie reported that, 
while their mothers had once spent the better part of the summer and 
fall canning, they themselves rarely put up anything, except an occa- 
sional jelly or batch of tomatoes.20 In part this was also due to changes 
in the technology of marketing food; increased use of refrigerated 
railroad cars during this period meant that fresh fruits and vegetables 
were in the markets all year round at reasonable prices.21 By the early 
1920s convenience foods were also appearing on American tables: 
cold breakfast cereals, pancake mixes, bouillon cubes, and packaged 
desserts could be found. Wartime shortages accustomed Americans to 
eating much lighter meals than they had previously been wont to do; 
and as fewer family members were taking all their meals at home 
(businessmen started to eat lunch in restaurants downtown, and fac- 
tories and schools began installing cafeterias), there was simply less 
cooking to be done, and what there was of it was easier to do.22 

* * * 

Many of the changes just described-from hand power to electric 
power, from coal and wood to gas and oil as fuels for cooking, from 
one-room heating to central heating, from pumping water to running 
water-are enormous technological changes. Changes of a similar 
dimension, either in the fundamental technology of an industry, in 
the diffusion of that technology, or in the routines of workers, would 
have long since been labeled an "industrial revolution." The change 
from the laundry tub to the washing machine is no less profound than 

'9"How to Save Coal While Cooking," Ladies' Home Journal 25 (January 1908): 44. 
20Lynd and Lynd, Middletown, p. 156. 
21Ibid.; see also "Safeway Stores," Fortune 26 (October 1940): 60. 
22Lynd and Lynd, Middletown, pp. 134-35 and 153-54. 
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"Industrial Revolution" in the Home 
the change from the hand loom to the power loom; the change 
from pumping water to turning on a water faucet is no less destruc- 
tive of traditional habits than the change from manual to electric 
calculating. It seems odd to speak of an "industrial revolution" con- 
nected with housework, odd because we are talking about the tech- 
nology of such homely things, and odd because we are not accus- 
tomed to thinking of housewives as a labor force or of housework as 
an economic commodity-but despite this oddity, I think the term is 
altogether appropriate. 

In this case other questions come immediately to mind, questions 
that we do not hesitate to ask, say, about textile workers in Britain in 
the early 19th century, but we have never thought to ask about 
housewives in America in the 20th century. What happened to this 
particular work force when the technology of its work was rev- 
olutionized? Did structural changes occur? Were new jobs created 
for which new skills were required? Can we discern new ideologies 
that influenced the behavior of the workers? 

The answer to all of these questions, surprisingly enough, seems to 
be yes. There were marked structural changes in the work force, 
changes that increased the work load and the job description of the 
workers that remained. New jobs were created for which new skills 
were required; these jobs were not physically burdensome, but they 
may have taken up as much time as the jobs they had replaced. New 
ideologies were also created, ideologies which reinforced new be- 
havioral patterns, patterns that we might not have been led to expect 
if we had followed the sociologists' model to the letter. Middle-class 
housewives, the women who must have first felt the impact of the new 
household technology, were not flocking into the divorce courts or 
the labor market or the forums of political protest in the years im- 
mediately after the revolution in their work. What they were doing 
was sterilizing baby bottles, shepherding their children to dancing 
classes and music lessons, planning nutritious meals, shopping for 
new clothes, studying child psychology, and hand stitching color- 
coordinated curtains-all of which chores (and others like them) the 
standard sociological model has apparently not provided for. 

The significant change in the structure of the household labor force 
was the disappearance of paid and unpaid servants (unmarried 
daughters, maiden aunts, and grandparents fall in the latter category) 
as household workers-and the imposition of the entire job on the 
housewife herself. Leaving aside for a moment the question of which 
was cause and which effect (did the disappearance of the servant 
create a demand for the new technology, or did the new technology 
make the servant obsolete?), the phenomenon itself is relatively easy 

9 
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10 Ruth Schwartz Cowan 
to document. Before World War I, when illustrators in the women's 
magazines depicted women doing housework, the women were very 
often servants. When the lady of the house was drawn, she was often 
the person being served, or she was supervising the serving, or she 
was adding an elegant finishing touch to the work. Nursemaids dia- 
pered babies, seamstresses pinned up hems, waitresses served meals, 
laundresses did the wash, and cooks did the cooking. By the end of 
the 1920s the servants had disappeared from those illustrations; all 
those jobs were being done by housewives-elegantly manicured and 
coiffed, to be sure, but housewives nonetheless (compare figs. 1 and 
2). 

If we are tempted to suppose that illustrations in advertisements 
are not a reliable indicator of structural changes of this sort, we can 
corroborate the changes in other ways. Apparently, the illustrators 
really did know whereof they drew. Statistically the number of per- 
sons throughout the country employed in household service dropped 
from 1,851,000 in 1910 to 1,411,000 in 1920, while the number of 
households enumerated in the census rose from 20.3 million to 24.4 
million.23 In Indiana the ratio of households to servants increased 
from 13.5/1 in 1890 to 30.5/1 in 1920, and in the country as a whole 
the number of paid domestic servants per 1,000 population dropped 
from 98.9 in 1900 to 58.0 in 1920.24 The business-class housewives of 
Muncie reported that they employed approximately one-half as many 
woman-hours of domestic service as their mothers had done.25 

In case we are tempted to doubt these statistics (and indeed statistics 
about household labor are particularly unreliable, as the labor is often 
transient, part-time, or simply unreported), we can turn to articles on 
the servant problem, the disappearance of unpaid family workers, 
the design of kitchens, or to architectural drawings for houses. All of 
this evidence reiterates the same point: qualified servants were 
difficult to find; their wages had risen and their numbers fallen; 
houses were being designed without maid's rooms; daughters and 
unmarried aunts were finding jobs downtown; kitchens were being 
designed for housewives, not for servants.26 The first home with a 

23Historical Statistics, pp. 16 and 77. 
24For Indiana data, see Lynd and Lynd, Middletown, p. 169. For national data, see D. 

L. Kaplan and M. Claire Casey, Occupational Trends in the United States, 1900-1950, U.S. 
Bureau of the Census Working Paper no. 5 (Washington, D.C., 1958), table 6. The 
extreme drop in numbers of servants between 1910 and 1920 also lends credence to the 
notion that this demographic factor stimulated the industrial revolution in housework. 

25Lynd and Lynd, Middletown, p. 169. 
26On the disappearance of maiden aunts, unmarried daughters, and grandparents, 

see Lynd and Lynd, Middletown, pp. 25, 99, and 110; Edward Bok, "Editorial," American 
Home 1 (October 1928): 15; "How to Buy Life Insurance," Ladies' Home Journal 45 
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FIG. 1.-The housewife as manager. (Ladies' Home Journal, April 1918. Courtesy of 
Lever Brothers Co.) 
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FIG. 2.-The housewife as laundress. (Ladies' Home Journal, August 1928. Courtesy of 
Colgate-Palmolive-Peet.) 
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"Industrial Revolution" in the Home 
kitchen that was not an entirely separate room was designed by Frank 
Lloyd Wright in 1934.27 In 1937 Emily Post invented a new character 
for her etiquette books: Mrs. Three-in-One, the woman who is her 
own cook, waitress, and hostess.28 There must have been many new 
Mrs. Three-in-Ones abroad in the land during the 1920s. 

As the number of household assistants declined, the number of 
household tasks increased. The middle-class housewife was expected 
to demonstrate competence at several tasks that previously had not 
been in her purview or had not existed at all. Child care is the most 
obvious example. The average housewife had fewer children than her 
mother had had, but she was expected to do things for her children 
that her mother would never have dreamed of doing: to prepare their 
special infant formulas, sterilize their bottles, weigh them every day, 
see to it that they ate nutritionally balanced meals, keep them isolated 
and confined when they had even the slightest illness, consult with 
their teachers frequently, and chauffeur them to dancing les- 
sons, music lessons, and evening parties.29 There was very little 
Freudianism in this new attitude toward child care: mothers were not 
spending more time and effort on their children because they feared 
the psychological trauma of separation, but because competent 
nursemaids could not be found, and the new theories of child care 
required constant attention from well-informed persons-persons 
who were willing and able to read about the latest discoveries in nutri- 
tion, in the control of contagious diseases, or in the techniques of 
behavioral psychology. These persons simply had to be their mothers. 

Consumption of economic goods provides another example of the 
housewife's expanded job description; like child care, the new tasks 
associated with consumption were not necessarily physically burden- 
some, but they were time consuming, and they required the acquisi- 

(March 1928): 35. The house plans appeared every month in American Home, which 
began publication in 1928. On kitchen design, see Giedion, pp. 603-21; "Editorial," 
Ladies' Home Journal 45 (April 1928): 36; advertisement for Hoosier kitchen cabinets, 
Ladies' Home Journal 45 (April 1928): 117. Articles on servant problems include "The 
Vanishing Servant Girl," Ladies Home Journal 35 (May 1918): 48; "Housework, Then 
and Now," American Home 8 (June 1932): 128; "The Servant Problem," Fortune 24 
(March 1938): 80-84; and Report of the YWCA Commission on Domestic Service (Los 
Angeles, 1915). 

27Giedion, p. 619. Wright's new kitchen was installed in the Malcolm Willey House, 
Minneapolis. 

28Emily Post, Etiquette: The Blue Book of Social Usage, 5th ed. rev. (New York, 1937), 
p. 823. 

29This analysis is based upon various child-care articles that appeared during the 
period in the Ladies' Home Journal, American Home, and Parents' Magazine. See also Lynd 
and Lynd, Middletown, chap. 11. 
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14 Ruth Schwartz Cowan 
tion of new skills.30 Home economists and the editors of women's 
magazines tried to teach housewives to spend their money wisely. The 
present generation of housewives, it was argued, had been reared by 
mothers who did not ordinarily shop for things like clothing, bed 
linens, or towels; consequently modern housewives did not know how 
to shop and would have to be taught. Furthermore, their mothers had 
not been accustomed to the wide variety of goods that were now 
available in the modern marketplace; the new housewives had to be 
taught not just to be consumers, but to be informed consumers.31 
Several contemporary observers believed that shopping and shopping 
wisely were occupying increasing amounts of housewives' time.32 

Several of these contemporary observers also believed that stan- 
dards of household care changed during the decade of the 1920s.33 
The discovery of the "household germ" led to almost fetishistic con- 
cern about the cleanliness of the home. The amount and frequency of 
laundering probably increased, as bed linen and underwear were 
changed more often, children's clothes were made increasingly out of 
washable fabrics, and men's shirts no longer had replaceable collars 
and cuffs.34 Unfortunately all these changes in standards are difficult 
to document, being changes in the things that people regard as so 
insignificant as to be unworthy of comment; the improvement in 
standards seems a likely possibility, but not something that can be 
proved. 

In any event we do have various time studies which demonstrate 
somewhat surprisingly that housewives with conveniences were 
spending just as much time on household duties as were housewives 
without them-or, to put it another way, housework, like so many 

30John Kenneth Galbraith has remarked upon the advent of woman as consumer in 
Economics and the Public Purpose (Boston, 1973), pp. 29-37. 

31There was a sharp reduction in the number of patterns for home sewing offered by 
the women's magazines during the 1920s; the patterns were replaced by articles on 
"what is available in the shops this season." On consumer education see, for example, 
"How to Buy Towels," Ladies' Home Journal 45 (February 1928): 134; "Buying Table 
Linen," Ladies' Home Journal 45 (March 1928): 43; and "When the Bride Goes Shop- 
ping," American Home 1 (January 1928): 370. 

32See, for example, Lynd and Lynd, Middletown, pp. 176 and 196; and Margaret G. 
Reid, Economics of Household Production (New York, 1934), chap. 13. 

33See Reid, pp. 64-68; and Kyrk, p. 98. 
34See advertisement for Cleanliness Institute-"Self-respect thrives on soap and 

water," Ladies' Home Journal 45 (February 1928): 107. On changing bed linen, see 
"When the Bride Goes Shopping," American Home 1 (January 1928): 370. On launder- 
ing children's clothes, see, "Making a Layette," Ladies' HomeJournal 45 (January 1928): 
20; and Josephine Baker, "The Youngest Generation," Ladies' Home Journal 45 (March 
1928): 185. 
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"Industrial Revolution" in the Home 15 
other types of work, expands to fill the time available.35 A study 
comparing the time spent per week in housework by 288 farm 
families and 154 town families in Oregon in 1928 revealed 61 hours 
spent by farm wives and 63.4 hours by town wives; in 1929 a U.S. 
Department of Agriculture study of families in various states pro- 
duced almost identical results.36 Surely if the standard sociological 
model were valid, housewives in towns, where presumably the 
benefits of specialization and electrification were most likely to be 
available, should have been spending far less time at their work than 
their rural sisters. However, just after World War II economists at 
Bryn Mawr College reported the same phenomenon: 60.55 hours 
spent by farm housewives, 78.35 hours by women in small cities, 80.57 
hours by women in large ones-precisely the reverse of the results 
that were expected.37 A recent survey of time studies conducted be- 
tween 1920 and 1970 concludes that the time spent on housework by 
nonemployed housewives has remained remarkably constant 
throughout the period.38 All these results point in the same direction: 
mechanization of the household meant that time expended on some 
jobs decreased, but also that new jobs were substituted, and in some 
cases-notably laundering-time expenditures for old jobs increased 
because of higher standards. The advantages of mechanization may 
be somewhat more dubious than they seem at first glance. 

* * * 

As the job of the housewife changed, the connected ideologies also 
changed; there was a clearly perceptible difference in the attitudes 
that women brought to housework before and after World War I.39 

35This point is also discussed at length in my paper "What Did Labor-saving Devices 
Really Save?" (unpublished). 

36As reported in Lyrk, p. 51. 
37Bryn Mawr College Department of Social Economy, Women During the War and After 

(Philadelphia, 1945); and Ethel Goldwater, "Woman's Place," Commentary 4 (December 
1947): 578-85. 

38JoAnn Vanek, "Keeping Busy: Time Spent in Housework, United States, 
1920-1970" (Ph.D. diss., University of Michigan, 1973). Vanek reports an average of 53 
hours per week over the whole period. This figure is significantly lower than the figures 
reported above, because each time study of housework has been done on a different 
basis, including different activities under the aegis of housework, and using different 
methods of reporting time expenditures; the Bryn Mawr and Oregon studies are useful 
for the comparative figures that they report internally, but they cannot easily be com- 
pared with each other. 

39This analysis is based upon my reading of the middle-class women's magazines 
between 1918 and 1930. For detailed documentation see my paper "Two Washes in the 
Morning and a Bridge Party at Night: The American Housewife between the Wars," 
Women's Studies (in press). It is quite possible that the appearance of guilt as a strong 
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16 Ruth Schwartz Cowan 
Before the war the trials of doing housework in a servantless home 
were discussed and they were regarded as just that-trials, necessary 
chores that had to be got through until a qualified servant could be 
found. After the war, housework changed: it was no longer a trial and 
a chore, but something quite different-an emotional "trip." Laun- 
dering was not just laundering, but an expression of love; the house- 
wife who truly loved her family would protect them from the embar- 
rassment of tattletale gray. Feeding the family was notjust feeding the 
family, but a way to express the housewife's artistic inclinations and a 
way to encourage feelings of family loyalty and affection. Diapering 
the baby was not just diapering, but a time to build the baby's sense of 
security and love for the mother. Cleaning the bathroom sink was not 
just cleaning, but an exercise of protective maternal instincts, provid- 
ing a way for the housewife to keep her family safe from disease. 
Tasks of this emotional magnitude could not possibly be delegated to 
servants, even assuming that qualified servants could be found. 

Women who failed at these new household tasks were bound to feel 
guilt about their failure. If I had to choose one word to characterize 
the temper of the women's magazines during the 1920s, it would be 
"guilt." Readers of the better-quality women's magazines are por- 
trayed as feeling guilty a good lot of the time, and when they are not 
guilty they are embarrassed: guilty if their infants have not gained 
enough weight, embarrassed if their drains are clogged, guilty if their 
children go to school in soiled clothes, guilty if all the germs behind 
the bathroom sink are not eradicated, guilty if they fail to notice the 
first signs of an oncoming cold, embarrassed if accused of having 
body odor, guilty if their sons go to school without good breakfasts, 
guilty if their daughters are unpopular because of old-fashioned, or 
unironed, or-heaven forbid--dirty dresses (see figs. 3 and 4). In 
earlier times women were made to feel guilty if they abandoned their 
children or were too free with their affections. In the years after 
World War I, American women were made to feel guilty about send- 
ing their children to school in scuffed shoes. Between the two kinds of 
guilt there is a world of difference. 

* * * 

Let us return for a moment to the sociological model with which 
this essay began. The model predicts that changing patterns of 

element in advertising is more the result of new techniques developed by the advertis- 
ing industry than the result of attitudinal changes in the audience-a possibility that I 
had not considered when doing the initial research for this paper. See A. Michael 
McMahon, "An American Courtship: Psychologists and Advertising Theory in the 
Progressive Era," American Studies 13 (1972): 5-18. 
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FIG. 3.-Sources of housewifely guilt: the good mother smells sweet. (Ladies' Home 
Journal, August 1928. Courtesy of Warner-Lambert, Inc.) 
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FIG. 4.-Sources of housewifely guilt: the good mother must be beautiful. (Ladies' 
Home Journal, July 1928. Courtesy of Colgate-Palmolive-Peet.) 
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"Industrial Revolution" in the Home 19 
household work will be correlated with at least two striking indicators 
of social change: the divorce rate and the rate of married women's 
labor force participation. That correlation may indeed exist, but it 
certainly is not reflected in the women's magazines of the 1920s and 
1930s: divorce and full-time paid employment were not part of the 
life-style or the life pattern of the middle-class housewife as she was 
idealized in her magazines. 

There were social changes attendant upon the introduction of 
modern technology into the home, but they were not the changes that 
the traditional functionalist model predicts; on this point a close 
analysis of the statistical data corroborates the impression conveyed in 
the magazines. The divorce rate was indeed rising during the years 
between the wars, but it was not rising nearly so fast for the middle 
and upper classes (who had, presumably, easier access to the new 
technology) as it was for the lower classes. By almost every gauge of 
socioeconomic status-income, prestige of husband's work, 
education-the divorce rate is higher for persons lower on the 
socioeconomic scale-and this is a phenomenon that has been con- 
stant over time.40 

The supposed connection between improved household technol- 
ogy and married women's labor force participation seems just as 
dubious, and on the same grounds. The single socioeconomic factor 
which correlates most strongly (in cross-sectional studies) with mar- 
ried women's employment is husband's income, and the correlation is 
strongly negative; the higher his income, the less likely it will be that 
she is working.41 Women's labor force participation increased during 
the 1920s but this increase was due to the influx of single women into 
the force. Married women's participation increased slightly during 
those years, but that increase was largely in factory labor -precisely 
the kind of work that middle-class women (who were, again, much 
more likely to have labor-saving devices at home) were least likely to 
do.42 If there were a necessary connection between the improvement 
of household technology and either of these two social indicators, we 
would expect the data to be precisely the reverse of what in fact has 
occurred: women in the higher social classes should have fewer func- 

40For a summary of the literature on differential divorce rates, see Winch, p. 706; 
and William J. Goode, After Divorce (New York, 1956) p. 44. The earliest papers demon- 
strating this differential rate appeared in 1927, 1935, and 1939. 

41For a summary of the literature on married women's labor force participation, see 
Juanita Kreps, Sex in the Marketplace: American Women at Work (Baltimore, 1971), pp. 
19-24. 

42Valerie Kincaid Oppenheimer, The Female Labor Force in the United States, 
Population Monograph Series, no. 5 (Berkeley, 1970), pp. 1-15; and Lynd and Lynd, 
Middletown, pp. 124-27. 
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20 Ruth Schwartz Cowan 
tions at home and should therefore be more (rather than less) likely to 
seek paid employment or divorce. 

Thus for middle-class American housewives between the wars, the 
social changes that we can document are not the social changes that 
the functionalist model predicts; rather than changes in divorce or 
patterns of paid employment, we find changes in the structure of the 
work force, in its skills, and in its ideology. These social changes were 
concomitant with a series of technological changes in the equipment 
that was used to do the work. What is the relationship between these 
two series of phenomena? Is it possible to demonstrate causality or the 
direction of that causality? Was the decline in the number of house- 
holds employing servants a cause or an effect of the mechanization of 
those households? Both are, after all, equally possible. The declining 
supply of household servants, as well as their rising wages, may have 
stimulated a demand for new appliances at the same time that the 
acquisition of new appliances may have made householders less in- 
clined to employ the laborers who were on the market. Are there any 
techniques available to the historian to help us answer these ques- 
tions? 

* * * 

In order to establish causality, we need to find a connecting link 
between the two sets of phenomena, a mechanism that, in real life, 
could have made the causality work. In this case a connecting link, an 
intervening agent between the social and the technological changes, 
comes immediately to mind: the advertiser-by which term I mean a 
combination of the manufacturer of the new goods, the advertising 
agent who promoted the goods, and the periodical that published the 
promotion. All the new devices and new foodstuffs that were being 
offered to American households were being manufactured and mar- 
keted by large companies which had considerable amounts of capital 
invested in their production: General Electric, Procter & Gamble, 
General Foods, Lever Brothers, Frigidaire, Campbell's, Del Monte, 
American Can, Atlantic & Pacific Tea-these were all well-established 
firms by the time the household revolution began, and they were all in 
a position to pay for national advertising campaigns to promote their 
new products and services. And pay they did; one reason for the 
expanding size and number of women's magazines in the 1920s was, 
no doubt, the expansion in revenues from available advertisers.43 

Those national advertising campaigns were likely to have been 
powerful stimulators of the social changes that occurred in the 

430n the expanding size, number, and influence of women's magazines during the 
1920s, see Lynd and Lynd, Middletown, pp. 150 and 240-44. 
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"Industrial Revolution" in the Home 
household labor force; the advertisers probably did not initiate the 
changes, but they certainly encouraged them. Most of the advertising 
campaigns manifestly worked, so they must have touched upon areas 
of real concern for American housewives. Appliance ads specifically 
suggested that the acquisition of one gadget or another would make it 
possible to fire the maid, spend more time with the children, or have 
the afternoon free for shopping.44 Similarly, many advertisements 
played upon the embarrassment and guilt which were now associated 
with household work. Ralston, Cream of Wheat, and Ovaltine were 
not themselves responsible for the compulsive practice of weighing 
infants and children repeatedly (after every meal for newborns, every 
day in infancy, every week later on), but the manufacturers certainly 
did not stint on capitalizing upon the guilt that women apparently felt 
if their offspring did not gain the required amounts of weight.45 And 
yet again, many of the earliest attempts to spread "wise" consumer 
practices were undertaken by large corporations and the magazines 
that desired their advertising: mail-order shopping guides, "product- 
testing" services, pseudoinformative pamphlets, and other such 
promotional devices were all techniques for urging the housewife to 
buy new things under the guise of training her in her role as skilled 
consumer.46 

Thus the advertisers could well be called the "ideologues" of the 
1920s, encouraging certain very specific social changes-as 
ideologues are wont to do. Not surprisingly, the changes that oc- 
curred were precisely the ones that would gladden the hearts and 
fatten the purses of the advertisers; fewer household servants meant a 
greater demand for labor and timesaving devices; more household 
tasks for women meant more and more specialized products that they 
would need to buy; more guilt and embarrassment about their failure 
to succeed at their work meant a greater likelihood that they would 
buy the products that were intended to minimize that failure. Happy, 

44See, for example, the advertising campaigns of General Electric and Hotpoint from 
1918 through the rest of the decade of the 1920s; both campaigns stressed the likeli- 
hood that electric appliances would become a thrifty replacement for domestic ser- 
vants. 

45The practice of carefully observing children's weight was initiated by medical au- 
thorities, national and local governments, and social welfare agencies, as part of the 
campaign to improve child health which began about the time of World War I. 

46These practices were ubiquitous, American Home, for example, which was published 
by Doubleday, assisted its advertisers by publishing a list of informative pamphlets that 
readers could obtain; devoting half a page to an index of its advertisers; specifically 
naming manufacturer's and list prices in articles about products and services; allotting 
almost one-quarter of the magazine to a mail-order shopping guide which was not (at 
least ostensibly) paid advertisement; and as part of its editorial policy, urging its readers 
to buy new goods. 

21 
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22 Ruth Schwartz Cowan 
full-time housewives in intact families spend a lot of money to main- 
tain their households; divorced women and working women do not. 
The advertisers may not have created the image of the ideal Ameri- 
can housewife that dominated the 1920s-the woman who cheerfully 
and skillfully set about making everyone in her family perfectly happy 
and perfectly healthy-but they certainly helped to perpetuate it. 

The role of the advertiser as connecting link between social change 
and technological change is at this juncture simply a hypothesis, with 
nothing much more to recommend it than an argument from plausi- 
bility. Further research may serve to test the hypothesis, but testing it 
may not settle the question of which was cause and which effect-if 
that question can ever be settled definitively in historical work. What 
seems most likely in this case, as in so many others, is that cause and 
effect are not separable, that there is a dynamic interaction between 
the social changes that married women were experiencing and the 
technological changes that were occurring in their homes. Viewed this 
way, the disappearance of competent servants becomes one of the 
factors that stimulated the mechanization of homes, and this 
mechanization of homes becomes a factor (though by no means the 
only one) in the disappearance of servants. Similarly, the emotionali- 
zation of housework becomes both cause and effect of the mechaniza- 
tion of that work; and the expansion of time spent on new tasks 
becomes both cause and effect of the introduction of time-saving 
devices. For example the social pressure to spend more time in child 
care may have led to a decision to purchase the devices; once pur- 
chased, the devices could indeed have been used to save time- al- 
though often they were not. 

* * * 

If one holds the question of causality in abeyance, the example of 
household work still has some useful lessons to teach about the gen- 
eral problem of technology and social change. The standard sociolog- 
ical model for the impact of modern technology on family life clearly 
needs some revision: at least for middle-class nonrural American 
families in the 20th century, the social changes were not the ones that 
the standard model predicts. In these families the functions of at least 
one member, the housewife, have increased rather than decreased; 
and the dissolution of family life has not in fact occurred. 

Our standard notions about what happens to a work force under 
the pressure of technological change may also need revision. When 
industries become mechanized and rationalized, we expect certain 
general changes in the work force to occur: its structure becomes 
more highly differentiated, individual workers become more 

This content downloaded from 165.123.34.86 on Mon, 9 Dec 2013 15:53:41 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


"Industrial Revolution" in the Home 

specialized, managerial functions increase, and the emotional context 
of the work disappears. On all four counts our expectations are re- 
versed with regard to household work. The work force became less 
rather than more differentiated as domestic servants, unmarried 
daughters, maiden aunts, and grandparents left the household and as 
chores which had once been performed by commercial agencies 
(laundries, delivery services, milkmen) were delegated to the house- 
wife. The individual workers also became less specialized; the new 
housewife was now responsible for every aspect of life in her house- 
hold, from scrubbing the bathroom floor to keeping abreast of the 
latest literature in child psychology. 

The housewife is just about the only unspecialized worker left in 
America-a veritable jane-of-all-trades at a time when the jacks-of- 
all-trades have disappeared. As her work became generalized the 
housewife was also proletarianized: formerly she was ideally the man- 
ager of several other subordinate workers; now she was idealized as 
the manager and the worker combined. Her managerial functions 
have not entirely disappeared, but they have certainly diminished and 
have been replaced by simple manual labor; the middle-class, fairly 
well educated housewife ceased to be a personnel manager and be- 
came, instead, a chauffeur, charwoman, and short-order cook. The 
implications of this phenomenon, the proletarianization of a work 
force that had previously seen itself as predominantly managerial, 
deserve to be explored at greater length than is possible here, because 
I suspect that they will explain certain aspects of the women's libera- 
tion movement of the 1960s and 1970s which have previously eluded 
explanation: why, for example, the movement's greatest strength lies 
in social and economic groups who seem, on the surface at least, to 
need it least-women who are white, well-educated, and middle-class. 

Finally, instead of desensitizing the emotions that were connected 
with household work, the industrial revolution in the home seems to 
have heightened the emotional context of the work, until a woman's 
sense of self-worth became a function of her success at arranging bits 
of fruit to form a clown's face in a gelatin salad. That pervasive social 
illness, which Betty Friedan characterized as "the problem that has no 
name," arose not among workers who found that their labor brought 
no emotional satisfaction, but among workers who found that their 
work was invested with emotional weight far out of proportion to its 
own inherent value: "How long," a friend of mine is fond of asking, 
"can we continue to believe that we will have orgasms while waxing 
the kitchen floor?" 

23 
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From Virginia Dare to Virginia Slims: 
Women and Technology in American Life 
RUTH SCHWARTZ COWAN 

When this topic-women and technology in American life-was 
first proposed to me as an appropriate subject for a bicentennial re- 
trospective, I was puzzled by it. Was the female experience of 
technological change significantly different from the male experi- 
ence? Did the introduction of the railroads, or the invention of the 
Bessemer process, or the diffusion of the reaper have a differential 
impact on the male and female segments of the population? A careful 
reading of most of the available histories of American technology (or 
of Western technology in general, for that matter) would not lead one 
to suspect that important differences had existed. Was my topic 
perhaps a nonsubject? I mulled over the matter for several months 
and eventually came to the conclusion that the absence of a female 
perspective in the available histories of technology was a function of 
the historians who wrote them and not of historical reality. There are 
at least four significant senses in which the relation between women 
and technology has diverged from that between men and technology. 
I shall consider each of them in turn and ask the reader to understand 
that what I will say below is intended in much the same spirit that 
many of bicentennial retrospectives were intended-to be suggestive, 
but not definitive. 

Women as Bearers and Rearers of Children 
Women menstruate, parturate, and lactate; men do not. Therefore, 

any technology which impinges on those processes will affect women 
more than it will affect men. There are many such technologies, and 
some of them have had very long histories: pessaries, sanitary nap- 
kins, tampons, various intrauterine devices, childbirth anasthesia, ar- 
tificial nipples, bottle sterilizers, pasteurized and condensed milks, etc. 
Psychologists suggest that those three processes are fundamentally 

DR. COWAN is associate professor of history at the State University of New York at 
Stony Brook. This paper first appeared in somewhat different form in W. B. Pickett, 
ed., Technology at the Turning Point (San Francisco, 1977). 
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important experiences in the psychosocial development of individu- 
als. Thus, a reasonable student of the history of technology might be 
led to suppose that the history of technological intervention with 
those processes would be known in some detail. 

That reasonable student would be wrong, of course. The indices to 
the standard histories of technology-Singer's, Kranzberg and 
Pursell's, Daumas's, Giedion's, even Ferguson's bibliography-do not 
contain a single reference, for example, to such a significant cultural 
artifact as the baby bottle. Here is a simple implement which, along 
with its attendant delivery systems (!), has revolutionized a basic 
biological process, transformed a fundamental human experience for 
vast numbers of infants and mothers, and been one of the more 
controversial exports of Western technology to underdeveloped 
countries-yet it finds no place in our histories of technology. 

There is a host of questions which scholars might reasonably ask 
about the baby bottle. For how long has it been part of Western 
culture? When a mother's milk could not be provided, which classes of 
people used the bottle and which the wet-nurse, and for what rea- 
sons? Which was a more crucial determinant for widespread use of 
the bottle, changes in milk technology or changes in bottle technol- 
ogy? Who marketed the bottles, at what price, to whom? How did 
mothers of different social classes and ethnicities react to them? Can 
the phenomenon of "not enough milk," which was widely reported by 
American pediatricians and obstetricians in the 1920s and 1930s, be 
connected with the advent of the safe baby bottle? Which was cause 
and which effect?1 

I could go on, using other examples and other questions, but I 
suspect that my point is clear: the history of the uniquely female 
technologies is yet to be written, with the single exception of the 
technologies of contraception.2 This is also true, incidentally, of the 
technologies of child rearing, a process which is not anatomically con- 
fined to females but which has been more or less effectively limited to 
them by the terms of many unspoken social contracts. We know a 
great deal more about the bicycle than we do about the baby carriage, 
despite the fact that the carriage has had a more lasting impact on the 

1The history of nursing practices in early modem Europe is surveyed in Edward 
Shorter (The Making of the Modern Family [New York, 1975], chap. 5), but developments 
since the appearance of pasteurized milk and sterile (or sterilizable) bottles are not 
considered. 

2Norman E. Hines (A Medical History of Contraception [Baltimore, 1936]) does not 
cover more recent developments. Linda Gordon (Woman's Body, Woman's Right: A Social 
History of Birth Control in America [New York, 1976]) focuses on ideas about birth control, 
but not on the devices themselves. 
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transport of infants than the bicycle has had on the transport of 
adults. Although we recognize the importance of toilet training in 
personality formation, we have not the faintest idea whether toilet- 
training practices have been affected by the various technologies that 
impinge upon them: inexpensive absorbent fabrics, upholstered fur- 
niture, diaper services, wall-to-wall carpeting, paper diapers, etc. The 
crib, the playpen, the teething ring, and the cradle are as much a part 
of our culture and our sense of ourselves as harvesting machines and 
power looms, yet we know almost nothing of their history. The history 
of technology is, of course, a new field, and it is not surprising that its 
practitioners have ignored many of the female technologies. We do 
not usually think of women as bearers of technological change, nor do 
we think of the home as a technological locale (in part because women 
reside there). Both of these common assumptions are incorrect; 
Adam knew that, but his descendants have forgotten it. 

Women as Workers 
Women have been part of the market economy of this country from 

its earliest days. In the colonial period they tended cows, delivered 
babies, kept taverns, published newspapers, and stitched fancy 
clothes, among other things. During industrialization they tended 
looms, folded paper bags, packed cigars, helped with harvests, 
washed laundry, and stitched fancy clothes, among other things. With 
the advent of automation they punch cards, handle switchboards, 
pack cookies, teach school, tend the sick, and stitch fancy clothes, 
again among other things. All along they have been paid for their 
work, sometimes in land, sometimes in produce, sometimes in cash. 

But women workers are different from men workers, and the dif- 
ferences are crucial, for the women themselves and for any analysis of 
the relation between women and the American technological order. 
The economic facts of life for women are almost on a deterministic 
par with the anatomic facts of life; they are so pervasive over time and 
place as to be almost universal truisms. There are three of them: (1) 
when doing the same work women are almost always paid less than 
men; (2) considered in the aggregate, women rarely do the same work 
as men (jobs are sex typed); and (3) women almost always consider 
themselves, and are considered by others, to be transient participants 
in the work force.3 

These characteristics of women as workers predate industrializa- 
tion; they were economic facts of life even before our economy was 

30n the economics of workers, see Robert W. Smuts, Women and Work in America 
(New York, 1959), and Juanita Kreps, Sex in the Marketplace: American Women at Work 
(Baltimore, 1971). 
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dominated by cash. Sex typing of jobs occurred in the earliest James- 
town settlements, even before the household economy had completely 
replaced the communal economy: unmarried or poor women worked 
as laundresses in return for a portion from the communal store; men 
who were not entitled to grants of land worked as cooks and bakers.4 
Unequal pay for equal work was also characteristic of the early set- 
tlements: adventurers who came to settle in Maryland were allotted 
100 acres of land for every manservant they brought with them and 
60 acres of land for every woman servant; unmarried free men in 
Salem and Plymouth were given allotments of land when they re- 
quested them, but, after the first few years of settlement, unmarried 
women were not; the first American effort to obtain equal economic 
rights for women may well have been the request made in 1619 by the 
Virginia House of Burgesses that husbands and wives be granted 
equal shares of land on the grounds that the work of each was equally 
crucial to the establishment of a plantation.5 That women were re- 
garded as transitory members of the work force even then is shown by 
many things: for example, the fact that when girl children were "put 
out" for indenture or apprenticeship the persons who received their 
work were rarely required to teach them a trade,6 or the fact that 
women who owned and operated businesses in the colonial period 
were almost always widows of the men who had first established the 
business, who consciously advertised themselves as worthy of patron- 
age on those grounds alone.7 Parents of daughters did not expect that 
their girl children would need to know any occupation other than 
housework; young women expected that they might need to support 
themselves while unmarried but that gainful employment would be- 
come unnecessary and undesirable after marriage; married women 
expected not to be gainfully employed unless their husbands died or 
were disabled. 

So it was, and so it continues to be-despite industrialization, 
unionization, and automation. The Equal Pay Act of 1964 attempted 
to legislate equal pay for equal work for women, but in 1973 it was still 
true that women were earning from 37.8 percent to 63.6 percent of 
what men in the same job classifications were earning.8 Power 

4Julia Cherry Spruill, Women's Life and Work in the Southern Colonies (Chapel Hill, N.C., 
1938), p. 6. 

5Ibid., pp. 9-11; also Edith Abbott, Women in Industry: A Study in American History 
(New York, 1910) p. 11. 

6Abbott, pp. 30-32. 
7Spruill, pp. 263-64, 276, 280. 
8United States Department of Labor, 1975 Handbook on Women Workers, Bulletin no. 

297 (Washington, D.C., 1975), p. 130. 
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technologies have eased and simplified thousands of jobs, yet the 
labor market is still dominated by sex-typed occupations, despite the 
fact that the worker's "strength" is no longer a relevant criterion. In 
the garment industry in New York, for example, men cut and women 
sew. Thus, when a manufacturer goes into the labor market to find 
employees, he or she enters one labor market, with its own price 
structure and its own supply-demand pattern, if searching for a 
skilled cutter-and a different labor market, with a price structure 
and a supply-demand pattern all its own, if looking for a skilled 
sewing-machine operator.9 A fairly sophisticated statistical analysis of 
sex typing in the labor market has demonstrated that, although some 
job classifications shifted from being male dominated to being female 
dominated between 1900 and 1960 (ironically, none have gone the 
other way), the total amount of sex typing has not changed appreci- 
ably. In 1900, 66 percent of all employed women would have had to 
shift their jobs into male-dominated fields in order for the distribu- 
tion of women and men in all fields to resemble chance; in 1960 that 
figure was 68.4 percent. (The corresponding figure, incidentally, for 
racial typing of jobs in 1960 was 46.8 percent.)10 

And of course it is still true, as it was in colonial days, that women 
are not regarded, by themselves or by others, as permanent members 
of the work force. Young women do not invest in expensive training 
for themselves because they anticipate leaving the work force when 
they marry and have children. Employers are equally unwilling to 
invest in training women because they anticipate the same thing-and 
with some statistical basis for their suspicion; the labor force participa- 
tion rates of females fall off sharply between the ages of 18 and 25, 
the years when most women marry and begin their families.11 The 
cumulative result of these attitudes is that women prefer to place 
themselves in fairly unskilled, unresponsible, and, therefore, lower- 
paying positions, and employers are content to have them remain 
there. 

These three characteristics of women as workers-the fact that they 
work for less, that many jobs are not open to them because of sex 
typing, and that they are transient members of the work force (and 
therefore difficult to organize and unionize)-should be of signal im- 
portance in any discussion of rates of technological change, although 
they are rarely considered in that context. We are accustomed to 

90n sex typing of jobs, see Valerie Kincaid Oppenheimer, The Female Labor Force in 
the United States, Population Monograph Series, no. 5 (Berkeley, 1970). 

'OEdward Gross, "Plus ca change ... The Sexual Structure of Occupations Over 
Time," Social Problems 16 (Fall 1968): 198-206, esp. p. 202. 

"Kreps, pp. 28-29. 
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thinking about the price 'and availability of labor as one of the key 
determinants of rates of change in any given industry or any given 
locality, but we are not accustomed to thinking of the price and 
availability of labor as determined by the sex of the laborers. The ways 
in which the sex of workers interacts with technological change can be 
illustrated by two somewhat different cases. 

The first is the cigar industry in the second half of the 19th century, 
a case in which technological change was accelerated by the availability 
of female workers.12 During the middle decades of the century 
cigarmaking was localized in factories, but the product was entirely 
handmade by skilled male workers, most of them Spanish, Cuban, 
and German. In 1869 the New York cigarmakers went on strike, and 
in retaliation several manufacturers arranged for the immigration of 
Bohemian women who worked in the cigar trade in their native land. 
These women were not as skilled as the men they replaced; they used 
a simple molding tool to shape the cigar. They also were accustomed 
to working at home, which meant that they were amenable to the 
tenement system of manufacture, which was much cheaper for the 
employers. The women were effective in breaking the strike. In sub- 
sequent years more women cigarmakers immigrated as the cigar trade 
in Bohemia was disrupted by the Franco-Prussian War. There were 
other male cigarmakers' strikes in New York and elsewhere during 
the 1870s and 1880s, the net effect of which was that some manufac- 
turers converted entirely to the tenement system and others were 
induced to try some simple pieces of machinery (also of European 
origin) which could be operated by women. The women were laborers 
of choice because they knew the cigar trade yet were willing to work 
for less and had not been organized. As one New York cigar manufac- 
turer put it in 1895: "... the handwork has almost entirely dis- 
appeared. The suction tables, which are in reality nothing else than 
wrapper cutting machines, are used as price cutters. More so, because 
there are only girls employed on them."13 

A somewhat contrary case is that of the ladies' garment industry in 
the 20th century; here technological change seems to have been 
slowed by the presence of female workers.14 Since the time that sew- 
ing machines were initially hooked up to central power supplies 

12Abbott, chap. 9. 
13Ibid., p. 263. Patricia Cooper, a graduate student in history at the University of 

Maryland, College Park, will soon complete a dissertation on tobacco workers which 
extends and reinforces these conclusions. 

4This account is based on Elizabeth Faulkner Baker, Technology and Women's Work 
(New York, 1954), chap. 15. 
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(steam or electricity) in the last quarter of the 19th century, there has 
been little technological change in the sewing process, despite the fact 
that the industry is highly competitive and despite the fact that there 
have been substantial changes in the technology of the processes that 
are auxiliary to sewing-namely, cutting and pressing. The sewing 
process could potentially be automated, but there appears to be a little 
incentive for manufacturers to do this, partly because the expense 
would be very great and many of the companies are very small. Yet 
another reason stems from the fact that sewers are women, and sew- 
ing is work that women from traditional cultures like to do. The 
ladies' garment industry has been populated by successive waves of 
fairly skilled immigrant women of various sorts: American farm girls 
who came to the cities to escape rural life in the middle of the 19th 
century, then immigrant women from Italy and eastern Europe, then 
black women from the South, then Puerto Rican women, and now 
Chinese women. Although these women are skilled, and although 
their trade has been unionized successfully for many years, the wages 
paid to sewing-machine operators are, as one would expect, sig- 
nificantly lower than the wages paid to other skilled machine 
operators. As a consequence of this the technology of sewing has 
remained fairly static. 

There is yet another sense in which the characteristics of women as 
workers have interacted with the technological order in this 
country-and here we confront one of the most firmly grounded 
shibboleths about the relation between women's work and technology. 
It is true that there has been a vast increase in the number of women 
in the work force in the past century, and during this time some 
occupations (such as clerical work) have almost completely changed 
sex. It is also true that during the same period of time power-driven 
machinery has entered many fields, requiring much less human en- 
ergy to do work that was once hard to do. Acknowledging that these 
facts are true, historians and others have concluded that technological 
change has drawn women into the work force by opening fields of 
work that were previously closed because of the physical strength 
required to do the work. That conclusion appears to be almost en- 
tirely unwarranted. Women have replaced men in several occupations 
in which hard physical labor was not required before industrialization 
(e.g., cigarmaking); they have replaced men in some occupations in 
which no significant technological change occurred (e.g., schoolteach- 
ing); and they have replaced men in some occupations in which 
technological change made no difference to the physical labor in- 
volved (e.g., bookkeeping). In all of these cases the crucial factor is not 
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physical labor but price; women replaced men because they worked 
for less.'5 

Alternatively, there are many trades in which work has been trans- 
formed by the introduction of new machines but in which women 
have not replaced men. Typesetting is a perfect example.'6 From the 
colonial period to the present there have always been a few women 
typesetters, but they have worked in the smallest shops, often shops 
that were family owned. Typesetting was generally an apprenticed 
trade in the 19th century, and women were not set to apprenticeships. 
In any event, it was widely believed that women could not do the work 
of typesetting efficiently because they were not able to carry the heavy 
type cases from the composing tables to the press. Women typesetters 
were occasionally used to break strikes or to cut wages, a practice 
which did not endear them to the typesetters' unions which were 
formed during the early decades of the century. In 1887 the linotype 
machine was introduced, and after that time the work of typesetting 
was not terribly much more difficult than the work of typewriting. 
Various modifications of that machine, and the more recent introduc- 
tion of photographic processes, have made the work easier still-but 
men dominate the trade. The reasons for this are several: after 
women were admitted to the typesetters' unions, in the latter part of 
the 19th century, they had to agree to work for scale, which meant, of 
course, that employers had little interest in hiring them; following this 
the advent of protective labor laws meant that night work for women 
was very carefully regulated, which made it unfeasible for women to 
become typesetters since so much of the work is on newspapers. Thus 
technological change has been, at best, a mixed blessing for women. 
More jobs are open to them that they are fit (either biologically or 
socially) to perform, but many of those jobs are at the very lowest skill 
and salary levels and are likely to remain that way as long as women 
are willing, for whatever reasons, to work for less than men and to let 
themselves be treated as marginal members of the labor force.17 

Women as Homemakers 
Both men and women live in homes, but only women have their 

"place" there-and this is another one of those salient facts about 

'5Ibid., chaps. 13 and 17. 
16Ibid., pp. 170-77; Abbott, chap. 11. 
17Interest in women workers has revived in the last few years: see Judith A. McGaw, 

"Technological Change and Women's Work: Mechanization in the Berkshire Paper 
Industry, 1820-1855" (Ph.D. diss., New York University, 1977); Rosalyn Baxandall, 
Linda Gordon, and Susan Reverby, eds.,America's Working Women: A Documentary History 
(New York, 1976); and Barbara Mayer Wertheimer, We Were There: American Women Who 
Worked (New York, 1977). 
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women's lives which make their interaction with technology somewhat 
different from men's. The homes in which we live, the household 
implements with which we work, and the ways in which that work is 
organized have changed greatly over the years, but the character of 
that change and its impact upon the people who work in homes (pre- 
dominantly women) have proved very difficult to gauge. 

Some tasks have disappeared (e.g., beating rugs), but other tasks 
have replaced them (e.g., waxing linoleum floors). Some tasks are 
easier (e.g., laundering) but are done much more frequently; it takes 
less time and effort to wash and iron a sheet than it once did, but there 
are now vastly more sheets to be washed in each household each week. 
Some tasks have become demonstrably more time consuming and 
arduous over the years: shopping, for example.18 Less work needs to 
be done at home because so many aspects of home production have 
been transferred to the marketplace (e.g., canning vegetables), but 
there are now fewer hands to do the work as there are fewer servants, 
fewer unmarried females living at home, and fewer children per fam- 
ily. An equivocal picture at best.19 

But one point is worth making. Despite all the changes that have 
been wrought in housework, and there have been many, the house- 
hold has resisted industrialization with greater success than any other 
productive locale in our culture.20 The work of men has become 
centralized, but the work of women remains decentralized. Several 
million American women cook supper each night in several million 
separate homes over several million separate stoves-a specter which 
should be sufficient to drive any rational technocrat into the loony 
bin, but which does not do so for reasons I will discuss in a moment. 
Out there in the land of household work there are small industrial 
plants which sit idle for the better part of every working day; there are 
expensive pieces of highly mechanized equipment which only get 
used once or twice a month; there are consumption units which 
weekly trundle out to their markets to buy 8 ounces of this nonperish- 
able product and 12 ounces of that one. There are also workers who 

"8On time spent in housework, see JoAnn Vanek, "Keeping Busy: Time Spent in 
Housework, United States, 1920-1970" (Ph.D. diss., University of Michigan, 1973). 

'gFor an extended discussion of this topic see my papers, "The 'Industrial Revolu- 
tion' in the Home: Household Technology and Social Change in the 20th Century," 
Technology and Culture 17 (January 1976): 1-22; and "Two Washes in the Morning, and 
a Bridge Party at Night: The American Housewife between the Wars," Women's Studies 
3 (Winter 1976): 147-72. 

20 On this point see Allison Ravetz, "Modern Technology and an Ancient Occupation: 
Housework in Present-day Society," Technology and Culture 6 (Spring 1965): 256-60. 
Also, for a general history of housework, see Ann Oakley, Woman's Work, the Housewife 
Past and Present (New York, 1974). 
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do not have job descriptions, time clocks, or even paychecks.21 Cot- 
tage industry is alive and well and living in suburbia. 

Why? There is no simple answer to that question, but I would like to 
attempt a rough list of what some of the components of the answer 
might be, presenting them in no particular order and with no pre- 
tense of knowing the relative weight which should be attached to each, 
or the relative likelihood that some are causes and others effects. To 
start with, since the middle of the 19th century Americans have 
idealized the household as a place where men could retreat from the 
technological order: a retreat, by definition, should not possess the 
characteristics that one is trying to escape. Increased efficiency and 
modernity in the home have occasionally been advocated by domestic 
reformers, most of whom have been women (Catherine Beecher, 
Ellen Swallow Richards, Charlotte Perkins Gilman, Christine Freder- 
ick, and Lillian Gilbreth immediately come to mind), but the general 
public has been hostile to certain crucial concomitants of those ideas.22 
The farm kitchen has been the American mythic dream, not the 
cafeteria. In some households the latest and showiest equipment is 
purchased in order to demonstrate status, not efficiency; in such cases 
the housebound housewife is as much proof of status as the micro- 
wave oven that she operates. In other households status is not the 
issue, but moder equipment is used to free the housewife for labor 
which is not currently technology intensive (stripping furniture, 
planting vegetable gardens, chauffering children), and the end result 
is far from an increase in overall efficiency. Except for a very brief 
period in the 1920s, "Early American" has been, far and away, the 
most popular decor for American kitchens; our ambivalence on the 
issue of efficiency in the home is nowhere better symbolized than 
when a dishwasher is built into a "rustic" cabinet or a refrigerator is 
faced with plastic "wood" paneling. For long periods of time, on 
either side of the industrial revolution in housework (which can be 
roughly said to have occurred in the first three decades of this century), 
the maintenance of a fundamentally inefficient mode of household 
operation, requiring the full attention of the housewife for the better 
part of every single day, has been a crucial part of the symbolic quality 
of the individual American home. 

Connected with this is the fact that, also since the middle of the 19th 

21For an extended discussion of the sociological meaning of this phenomenon, see 
Ann Oakley, The Sociology of Housework (London, 1974). 

22See Kathryn Kish Sklar, Catherine Beecher: A Study in American Domesticity (New 
Haven, Conn., 1973); Caroline Hunt, The Life of Ellen H. Richards (Boston, 1912); and 
Waida Gerhardt, "The Pros and Cons of Efficiency in the Household,"Journal of Home 
Economics 18 (1928): 337-39. 
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century, most Americans have regarded communalization of house- 
holds as socialistic and therefore un-American. There have been re- 
peated attempts at communalizing some of the household functions, 
especially during the first two decades of the 20th century-communal 
canneries, laundries, kitchens, and even nursery schools appeared in 
many communities-but they have all failed for want of a supportive 
community attitude.23 

The implements invented or developed for the home have very 
special features which may set them apart from other implements. 
Many of them were initially developed, for example, not for home 
use, but for commercial use: the automatic washing machine, the 
vacuum cleaner, the small electric motor, and the refrigerator, for 
example.24 Most of them were not developed by persons intimately 
connected with the work involved; inventors tend to be men and 
homemakers tend to be women. On top of this, many of the im- 
plements were marketed through the use of selling techniques that 
also had little relation to the work performed. These three factors lead 
to the hypothesis that the implements which have transformed 
housework may not have been the implements that housewives would 
have developed had they had control of the processes of innovation. 

Thus, for reasons which may have been alternately economic, 
ideological, and structural, there was very little chance that American 
homes would become part of the industrial order in the same sense 
that American businesses have, because very few Americans, power- 
ful or not powerful, have wished it so-and the ones who have wished 
it so have not been numerous enough or powerful enough to make a 
difference. 

Women as Antitechnocrats 
This brings me to a final and somewhat related point. For the better 

part of its cultural life, the United States has been idealized as the land 
of practicality, the land of know-how, the land of Yankee ingenuity. 
No country on earth has been so much in the sway of the technological 
order or so proud of its involvement in it. Doctors and engineers are 
central to our culture; poets and artists live on the fringes. 

If practicality and know-how and willingness to get your hands 
dirty down there with the least of them are signatures of the true 
American, then we have been systematically training slightly more 
than half of our population to be un-American. I speak, of course, of 

23Victor Papanek and James Hennessey speculate about how various implements 
would have to be redesigned for communal ownership in How Things Don't Work (New 
York, 1977), chap. 2. 

24Siegfried Giedion, Mechanization Takes Command (New York, 1948), pp. 556-606. 
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women. While we socialize our men to aspire to feats of mastery, we 
socialize our women to aspire to feats of submission. Men are hard; 
women are soft. Men are meant to conquer nature; women are meant 
to commune with it. Men are rational, women irrational; men are 
practical, women impractical. Boys play with blocks; girls play with 
dolls. Men build; women inhabit. Men are active; women are passive. 
Men are good at mathematics; women are good at literature. If some- 
thing is broken, daddy will fix it. If feelings are hurt, mommy will 
salve them. We have trained our women to opt out of the technologi- 
cal order as much as we have trained our men to opt into it. 

This is probably just as much true today as it was in the heyday of 
the archetypically passive, romantic Victorian female. An interesting 
survey of American college girls' attitudes toward science and 
technology in the 1960s revealed that the girls were planning careers, 
but that they could not assimilate the notion of becoming engineers 
and-and this is equally revealing-that there was no single occupa- 
tion that they thought their male contemporaries and their parents 
would be less pleased to have them pursue.25 

Thus, women who might wish to become engineers or inventors or 
mechanics or jackhammer operators would have to suppress some 
deeply engrained notions about their own sexual identity in order to 
fulfill their wishes. Very few people have ever had the courage to take 
up such a fight. It is no wonder that women have played such minor 
roles in creating technological change; in fact, it is a wonder that there 
have been any female engineers and inventors at all. 

Conversely, it may be true that the recent upsurge in "antiscience" 
and "antitechnology" attitudes may be correlated very strongly with 
the concurrent upsurge in women's political consciousness. This is not 
to say that all of the voices that have been raised against the SST and 
atomic power plants and experimentation on animals have been 
female, but only that a surprisingly large number of them have been. 
Ann Douglas has recently written a complex analysis of the "feminiza- 
tion" of American culture in the 19th century, in which she suggests 
that the "tough-minded" theological attitudes that had served as 
cornerstones of American ideology in the 17th and 18th centuries were 
watered down and whittled away in the 19th century by several genera- 
tions of educated and literary women working in concert with similar 
generations of liberal male theologians.26 Both groups, she argues, 
realized that they were excluded from the burgeoning capitalist 

25Alice Rossi, "Barriers to the Career Choice of Engineering, Medicine or Science 
among American Women," in Women and the Scientific Professions, ed. Jacqueline 
Mattfeld and Carol Van Aken (Cambridge, Mass., 1965). 

26Ann Douglas, The Feminization of American Culture (New York, 1977). 
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economy that the older theology had produced; they resented this 
exclusion and so fought against the economy and the theology to- 
gether. The temptation to push Douglas's analysis into the 20th 
century is almost irresistible. If we are experiencing a similar feminiza- 
tion of American culture today, it is the tough-minded ideology of the 
scientific-technocratic state that is the focus of current animus. Women 
have traditionally operated on the fringes of that state, so it is not sur- 
prising that they should resent it and, when given the opportunity, 
fight against it. Women have experienced science and technology as 
consumers, not as producers-and consumers, as every marketing 
expert knows, are an infuriatingly fickle population. Trained to think 
of themselves as the possessors of subjectivity, women can hardly be 
expected to show much allegiance to the flag of objectivity. As more 
and more women begin to play active and powerful roles in our politi- 
cal and economic life, we may be surprised to discover the behavioral 
concomitants of the unspoken hostility to science and technology that 
they are carrying with them into the political arena. 
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are used as price cutters. More so, because there are only girls employed 
on them. ' 2 

A somewhat contrary case is that of the ladies' garment industry in the 
20th century; here technological change seems to have been slowed by the 
presence of female workers. 3 Since the time that sewing machines were 
initially hooked up to central power supplies (steam or electricity) in the 
last quarter of the 19th century, there has been little technological change 
in the sewing process, despite the fact that the industry is highly competitive 
and despite the fact that there have been substantial changes in the 
technology of the processes that are auxiliary to sewing- namely, cutting 
and pressing. The sewing process could potentially be automated, but there 
appears to be little incentive for manufacturers to do this, partly because 
the expense would be very great and many of the companies are very small. 
Yet another reason stems from the fact that sewers are women, and sewing 
is work that women from traditional cultures like to do. The ladies' garment 
industry has been populated by successive waves of fairly skilled immigrant 
women of various sorts: American farm girls who came to the cities to escape 
rural life in the middle of the 19th century, then immigrant women from 
Italy and eastern Europe, then black women from the South, then Puerto 
Rican women, and now Chinese women. Although these women are skilled, 
and although their trade has been unionized successfully for many years, 
the wages paid to sewing-machine operators are, as one would expect, 
significantly lower than the wages paid to other skilled machine operators. 
As a consequence of this the technology of sewing has remained fairly static. 

Notes 

I Edith Abbot, Women in Industry: A Study in American History (New York, 1910), chap. 9. 
2 Ibid., p. 263. Patricia Cooper, a graduate student in history at the University of Maryland, 

College Park, will soon complete a dissertation on tobacco workers which extends and 
reinforces these conclusions. 

3 This account is based on Elizabeth Faulkner Baker, Technology and Women's Work (New 
York, 1954), chap. 15. 
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Caught in the wheels: the high cost of being a 
female cog in the male machinery of engineering 

Every self-respecting man knows that 'women are no good with machinery', 
they are 'hopeless at technical things'. After all, the speak for 
themselves. Women don't fiddle about inside TV sets, keep an oscilloscope 
in the garage, or aspire to t1y a Tornadojct. Every self-respecting woman, 
however, feels there is something fishv about these facts. We know that 
women make good, competent and enthusiastic technicians and engineers-
most of us have met one or two . .Just many women as men reach maturity 
with a bent for calculation, problem-solving, design and construction. Why, 
then, do most of us finish up using it to interpret knitting patterns and 
construct patchwork quilts? Have we chosen or were we pushed? And if 
we chose- what exactly was the choice we were offered? 

I recently bought a book of encylopedic scope on the history of machinery 
and technical invention. Working through the index I have given up at 
P (Ptolemy IV) without finding a woman among the inventors. No doubt 
we women too have had our technologies, but they are not in our history 
books. Ours arc not the technologies that soared into capitalist profitability 
in the eighteenth and nineteenth centuries. 

Anything but an engzneer 

As a result, the engineering industry today is a sorry tale. 13% of total 
employment in Britain ( 1980), it affords only 7% of women's employment. 
And the 608,000 women in engineering tirms fill the lowliest ranks. No 
less than 93% are employed in the low-skilled categories of clerical, operator 
and 'other employees', who are often canteen and cleaning workers. 'The 
female percentage of employment in the different occupational categories 
is uneven in the extreme,' says the Engineering Industry Training Board.! 
'While no less that 70% of clerical workers are women and 30% of 
operators, only 2% of scientists/technologists arc women. 2% is also the 
female proportion of technicians and for engineering craft occupations only 
around one-third of 1 % arc women'. . . 

COCKBURN, Cynthia. 1985. Caught in the wheels: the high cost of being a female cog in the male machinery of engineering. In: Donald MacKenzie; Judy Wajcman (eds.). The social shaping of technology: how the refrigerator got its hum. Nilton Keynes: Open University Press, pp. 55-65.
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'Equal chances'? 

People concerned with equal opportunities study these statistics and seek 
to help women get their 'fair share'. With this in mind, the Equal 
Opportunities Commission, for instance, has funded several projects aiming 
to understand women's disadvantages in the technical field and to encourage 
girls into technology. It has sponsored several career-opportunities courses 
for young women. It has funded a project in which women are working 
with teachers and pupils in schools to bring girls into technical 
subjects .... 

Most initiatives to date have been based on the philosophy that women 
must be 'given more confidence'. We are continuing, the argument goes, 
to Jail to make our mark in occupations that are seen to be challenging 
and rewarding. But are women really such weeds? I would suggest that 
women know very well both where we are unwelcome and what we are 
rejecting. We are not failing, we are on strike. 

Technology: neither neuter nor neutral 

The prevailing belief concerning technology is that it is neutral, mankind's 
heritage, equally available and relevant to us alL All that women have to 
do is to reach out and grasp it. The 'man' in mankind, however, is no 
slip of the tongue. Technology is far from neutraL This should not be a 
difficult concept to Marxists, who are, after all, used to understanding that 
our technology is capitalist technology and bears the marks and serves the 
purposes of the class that owns it. It needs only a little further broadening 
of the mind to understand that our industrial technology also has the imprint 
and the limitations that come of being both the social property and one 
of the formative processes of men. Industrial, commercial, military 
technologies, are masculine in a very historical anc! 1naterial sense. They 
cannot readily be used in a feminine, nor even a sexless, mode. Women 
are not merely failing to enter technology. On the one hand we are being 
repelled, and on the other we are refusing. 

Men's greater average physical stature and strength are often cited as 
a reason for men's preponderance in engineering occupations. Yet it is 
not self-evident that they should be all male. Many machines, from the 
lever to the mill, have been developed precisely to substitute for human 
physical strength. The masculinity of technology, men's proprietorial grasp 
of machinery, has to be seen as a product of social rather than biological 
history. 

To this we have to relate the male appropriation of the whole concept 
of 'work'. The paradigm worker, model for both employer and trade unions, 
is, by men's design, a man. In this context, women's physiology is seen, 

56 

Caught in tht u•herls 

I f. ·t .. , l'v1c·l1 sc·orn the fact' for instance, ' 1 t ·1s c e n 1' < · · · • k not as a worker s norm' m ' . t . .. l , modified or vaned to ta ·e 
1 . work load tildt < <1!1 K · · f' h that some women neec ,t . . .. Women feel guilty I t cy 

account of their mont. hly cvcl_e or of y: ld lnve bec:n held to be 
' k "' . this respect. ret It cou ' 

display any wea ness m . .·11 .. t the ·tchnntage of women, to make 
k. 1 d ·mtage ·ts we as 0 · ' ' · k to wor 1ng c ass a v, . , '· 1 , b· sis of the wca -est common . . d i t the em{)lovcr on t It ,1. . . I . our collective emanc s 0 

' ... , .. 1,. d to onlv one cone us10n: . h' . h· . , . '!' been the < ,tsc < <1!1 c a , . . factor. That t IS <iS nt\ < l , .. italist is also an llnportdnt 
work, whatever it may mean to. tIt c ,tp · · : · . , · vcr women 

which to establish and povH r o sphere for men m 
as a sex. 

All the rnan(y virtues 

. . . . k 'r in rcneral is male, that for the qualified 
If the norm for the mdustnal \\Or c g . I .. vriginccring represents . d 1 · .·. most ccrtam v 1s. • • engineer, the sklll.e tec_1muan, .. I'- th, ,l)rolwnsity to control and 

h . t. t . dehned as ) t : . · 
cveryt mg tna IS . f. . ·lc ·mel machmc rn actron upon ·. 1 ,. the cclebr"ltllln o muse · ' ·f· man1pu ate naturt, · ·· ' . I . . ., · n dirt l'ZZ grease, swar . J· h t I Tlncc of even p casuH I , ' , . I k' I rav-.· matcna s; t e 0 c ' · ' I .· tlnt this is not the on v me 

I · (It is worth rem em Wimg ' · · '. and metals 1avmgs. · I I .
1

,.' 11 .
1
,.·111 g .1 natural aversron to 

1 , . , ·1r v sc·en , ·' ' . ' . of dirt, however. ]\ en .tn popu .' . ll I , mit with whrch women 
k . 1 f r ·t human faeces, ) ooc , ' 0 , . h, that other me o c II ' . . . . ) Technical work rnvoh-cs t l are supposed to feel more abrlrty to cop<. 

Figure 1 Translating energy into work ... 
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acceptance of physical risk- exposure to frequent accidents, cuts, contusions. 
It affords free movement round and about its object, in contrast to the 
physical confinement of much women's work. It implies control- designing 
solutions to physical problems, making energy work for you. The all-male 
workshop fosters and develops masculine patterns of relationships, it is the 
home of camaraderie based on the exchange of anecdote and slander 
concerntng women. 

Add to this that engineering as we know it is firmly embedded in the 
capitalist business world and the state. The atmosphere is competitive, it 
is about performance: your firm's machine against the next, your country's 
weapons against those of its rival. Capitalist industry and contemporary 
technology both express and embody values that have on the one hand 
developed out of patriarchy, and on the other have developed to make 
patriarchy what it is in modern society. The relations surrounding 
technology continually renew and extend male hegemony over the rest of 
us. The growth of industrial technology has to be seen as part and parcel 
of the historical development of gender difference. It has been formative 
in the growth of class relations. But it has also been part of what has been 
made males into 'men' and females into 'girls'. 

Women's values 

If engineering occupations have developed as a heartland of male hegemony, 
it is hardly surprising that female incursions into this domain don't occur 
easily or painlessly. What women and women's work have come to mean, 
both to ourselves and to men, is something quite different. It is accepting 
rather than defying physical and social limitations. While 'men's work' 
means singlemindedly pitting everything you have, in the army, in the 
mines, on the high seas, 'women's work' means refusing to let go of your 
other self. Men's work is predicated upon someone looking after them. 
We look after ourselves. Women's work means staying at home with sick 
children if need be. It means carrying human preoccupations into the job: 
nursing, teaching, social work. It seems as though for women more than 
for men the social purpose of work is important. 

To emphasise this difference is not to say that women and men are born 
this way, immutable. It is to recognise that over hundreds and possibly 
thousands of years society has constructed gender difference, gender 
complementarity, and continues to confirm and elaborate it every day, in 
work as well as outside work. And much in the feminine gender is good. 
Women (and indeed many men) value it above masculinity. We do not 
want to have to abandon a concern with feelings and people and purpose 
in order to take on technology. We don't want to exchange the society of 
women for the society of men, to become a kind of de-sexed satellite of 
a male world. 
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Of course, men treasure their unique possession of technology. 
Many skilled trade unions have deliberately kept women out of 
traditionally male jobs. Individual men resist and resent the intrusion 
of women into work that is cor,lparablc to their own. Managements too, 
unless it suits them to do otherwise, often recruit personnel into the 
existing sexually-segregated pattern. Many discourage women from 
applying for technical jobs and some blatantly discriminate against 
them. 

However, several engineering firms in which I have done interviews 
claim to be short of skilled engineers and more than willing to employ 
women. There is no 'discrimination' here, they claim. And I am sure 
that, broadly speaking, they arc telling the truth. But women, they 
say, arc just not coming forward. Now and then one is offered a job 
and turns it down. The fact is that, while a handful of women are 
determined enough to persevere, the great majority arc turning aside 
from each gateway as it is reached: metal-work lessons in school, 
0-level physics examinations, Youth Training Schemes, technical 
degrees. 

The choice we make 

Perhaps we need to question the adequacy of the idea of unequal opportunity 
and discrimination in explaining women's 'failure' and look instead at the 
environments offered women and how they may actively choose to absent 
themselves. 

First we should make a distinction between two categories of women, 
those who do and those who do not trv to work in technology. The great 
majority of women never set themselves on such a course at all. These are 
the ones who would need to be mobilised if women were indeed to take 
up 'their half' of the places in skilled technical work. A miraculous wiping 
out of the sexual division of labour overnight would mean, tomorrow, 
in the engineering industry alone, another :n,OOO v1omen scientists/ 
technologists; around 106,000 female technicians; and a mere quarter of 
a million craftswomen. These women who are not massing into engineering 
should not, for all this, be seen as being in some way unsuited to 
work of this kind. Many such women, indeed, may feel some affinity 
to technology, despite the discouragements and adversities of school 
and home life. Many women, working in so-called unskilled operator 
jobs in the industry, are actively interested in getting more understanding 
of their equipment but have little chance of being taken seriously 
for technician status. Nor, if they had, would it be cost-free. Women 
simply cannot fulfil this side of their nature on the terms presently 
available. 
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The personal cost of entering technology 

Secondly, there is the handful of pioneers who do step forward and have 
a go. They are the ones who in the last decade have, by the sum of their 
individual and isolated efforts, shifted the sexual division of labour a 
fraction of a percentage point in favour of women. What differentiates 
the woman pioneer? Perhaps we can detect in her experience what deters 
the majority. 

A survey was recently made of the young women on the Engineering 
Industry Training Board 'Insight' course in 1981.2 It showed these young 
women, potential graduate engineers, to be a rather distinct group- not 
the average Advanced-level student. More than half had a father in 
engineering, science or education; 87.5% came from middle class 
backgrounds. They were exceptionally well-qualified, with considerably 
more A-grade 0-level examination passes then those intending other degree 
courses. Their problems are typified by a woman chemical engineer I have 
spoken with. Though she loves her work and wants to move eventually 
into the even less welcoming environment of production engineering, she 
finds that she has continually to behave out of character, using a combative 
male style, if she is to have any effectiveness in work or union. She is hurt 
by being ostracised by the other women in the firm, secretaries who resent 
her direct relationship with the male engineers. She also says, sadly, that 
if she wants to marry it will have to be Leonardo da Vinci, since less brilliant 
men shy away from being associated with a moderately competent woman 
engmeer. 

A further study has been made of the Engineering Industry Training 
Board Girl Scholarship Scheme, begun in 1976. 3 The study showed the 
technicians to be exceptionally determined young women. In talking about 
the characteristics necessary to succeed, they emphasised self-reliance and 
independence, a need to be 'extremely dedicated'. They had to survive 
discouraging remarks and negative comments - especially from friends their 
own age, and particularly from men friends. They had to be prepared to 
lose the society of other women. This applies both at work, where they 
were a small minority in their occupation, but also at home. Female 
technicians found that their female friends often resented the fact that they 
had so much in common with male acquaintances and were able to converse 
with them so easily. Many female technicians reported having 'lost touch' 
with their female school friends, and that their closest friends were now 
the few other women in a similar position to themselves. 

Perhaps, as things are, the cost for most women is just too high. Perhaps 
it means sacrificing something we value. So long as the dominant 
technological culture and the uses of technology remain unchanged, when 
we ask women to 'succeed' in technology we may well be asking ourselves 
to betray values that are important to us. 
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Figure 2 The ma1cu/initr of ttchnology: an end result. 
(Photo 1\1 ike Abrahams. hv permission of '\ ctwork.) 
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Women arc caught up in a contradiction O\'lT engineering, indeed over 
all technology. I have heard women arguing: should we keep our hands 
clean, keep well away from men's technology and run the risk of typecasting 
ourselves as whimsical earth mothers:' Or do we need fire to fight fire, at 
the risk of burning our hands? 

We cannot mm-c forward into the male industrial field without great 
individual cost, and cost to the women's movement bv a continual drain 
of strong and able women into mere competition with and collaboration 
with capital. Yet we cannot leave things as thcv arc. Whv) Because, like 
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it or not, we now live in a world in which power lies in the economic 
ownership of these technical forces of production (and of distribution, 
reproduction and war) and in the practical control of these things. We 
cannot continue to be the passive objects of some technologies (at the 
receiving end of medical and military technologies, for instance, that 
we should be questioning or resisting), and the manipulated and exploited 
operators of others (typewriters, washing machines). We have to learn 
technical skills. If we are to learn, we have to get in there. It cannot be 
done at a distance. 

Besides, the cultural barrier that is erected between women and 
technology is all too closely related to other physical taboos that confine 
and limit us. When you see a woman take a set of spanners and approach 
a car, you suddenly become aware of the manifold informal pressures against 
women in public places using their bodies in the way men do: getting dirty 
and sweaty, climbing up things, lying on the floor, spreading their legs, 
exerting muscular force. Learning to understand and use tools that work 
metal and wood, to translate geometry into motion and energy into work, 
these are things that we cannot do without if we are to stop being the world's 
victims. We have to get our bodies out of their cocoons, and this involves 
overcoming a certain physical cowardice and reticence that is the bad side 
of our gendered character. 

On our terms 

Is there a feminist and socialist strategy for getting us into the technical 
world without getting us hurt or doing harm to others? It seems to me 
we need a firm grasp, first and foremost, of a theory that recognises systemic 
male dominance and the part of technology within it. Only this can help 
us make informed choices. And when it comes to those choices, at a practical 
level? 

The first thing, surely, is that we should not deny our social values. We 
should work our way into technology along paths that make sense for us. 
If, as seems likely, we can do nothing but hurt ourselves and others by 
breaking into aerospace and ballistics, well, let us leave those fads to the 
lads, and opt consciously instead for work in industrial sectors that seem 
to us to be more humanly useful and malleable: engineering for construction 
perhaps, or for the media, domestic equipment. Women seem to be taking 
this course naturally. Look for instance at the disproportionate number 
of women physicists who choose to work in medical physics in the health 
service. Media resources officers in education, who deal with video and 
printing, are often women. 

A second route is to recognise the alien nature of most business enterprise 
and opt for self-organised collectives. There are already many small 
cooperatives, mixed or women only, in printing and building, for instance. 
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Thev afl(ml a way of separating out the already difficult relations of 
technology from those of capitalist emplovment. 

indi'pmdena 

In my \·iew. In· far the most efkctin· principle l'volved to date is separate, 
woman-onlv organisation. It enables us to learn (teach each other) without 
being put down. Provide school girls with separate facilities and the boys 
won't be able to grab the cumputer and bully the girls off the console. 
Provide young women with all-women courses so that they can gain the 
experience to make an informed choice about an engineering career. The 
organisation in ;\1arwal 'J"radt.\ is an <mtonomous women's 
movement initiative that is in this spirit. Some progressive local authorities 
arc sponsoring women-only workshops and courses. The Sheffield 'Tran-
sister 'vVorkshop' in electronics, with women instructors, is an example. 
We need to demand a massive increase in resourn:s from the state, from 
industry, from industrial training boards, for women-run, women-only 
initiatives. Evcrvwhere we have tried it, from women's caucuses to 
Grecnham Common, autonomv works wonders for our feelings and our 
strength. We need, before all else, a great expansion of the autonomous 
women's sphere in tcchnologv. 

Nonetheless, we have already learned that while autonomy is necessary, 
it is also not the whole answer. It only works in some situations and therefore 
it only gets us so far. \'\'hat occurs in engineering is very similar to what 
has long been noted by women trying to make an impact within male-
dominated trade unions. It is what some Italian feminists have called the 
contradiction between 'mutilation and marginalisation'. It is perhaps our 
essential contradiction as feminists. \Vc begin by standing on the edge of 
the action, we arc marginal. Then we seek cqualitv and make our choice 
between failure or being a pseudo-man: mutilation. Then we assert our 
difference and organise autonomous women's groups, committees, 
demonstrations. This feels great. But over time it is clcarjust how the male 
machinery. of trade unions, of left politics, of factory and workshop, the 
world in short, grinds on regardless. Still we arc marginal. 

There is a limit to what we can earn and what technologies we can handle 
in women's collccti\l·s. There arc limits to the impact we can have and 
what we can learn. It is a choice more a\·ailabk to middle class than to 
working class women. So we also need dn·ices to take us into the sphere 
of male and capitalist work. \Ve can invent mechanisms that help us to 
avoid isolation. Progressive teachers and employers must be pressed to 
ensure that space is made not just for the token woman, but for groups 
of women at one time. For women supervisors and managers too. We can 
ourselves form women· s groups alongside work or study to help each other 
talk through and deal with our minoritv situation. The Young Women's 
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Christian Association in London has a remarkable scheme to help 
isolated young women technicians. Often only sixteen or seventeen 
years old, they can come together for a week at a time and simply 
share their experience, talk through their isolation and give each other 
support. 

Woman-led, can it work? 

There is one further step. Just what do we mean by equal representation 
of men and women in an occupation? It will never be exactly 50% of each 
sex. The norm today is a preponderance of men, a handful of women. 
We should start to visualise women-led situations. How impossible it 
seems to imagine a technical training course, a workshop, an engineering 
plant where women are simply in a majority and in positions that 
can influence the relations of work and the mode of control. Where do 
we ever see men under women's tutelage, lads learning from women, 
men obliged to do things women's way? That is more revolutionary than 
autonomy itself. 

If we made this one of our goals, there would be some interesting 
consequences. The sex/gender struggle in the workplace would change 
subtly, the balance tipped a little in favour of women. Men's reluctance 
to participate on such terms would be glaringly exposed. We would see 
them for what they are: the original separatists. 

Of course there are many problems. Such a strategy is impossible until 
enough women exist, trained and experienced, ready and willing, to enter 
such situations. Besides, male dominance is not based merely on numbers. 
It is systemic, every one man is backed up by men's organisation, wealth 
and ideology in society as a whole. As Beatrix Campbell wrote scorchingly 
not long ago- 'we are yet to win power in a single institution containing 
both sexes, from City Limits to the City of London. ' 4 Nonetheless, playing 
the numbers game can be a start. Where positive discrimination in favour 
of women is both legal and attainable, we should remember perhaps that 
between the strategy of the sacrificial token woman and the strategy of 
women-only, there exists another option: putting men into a minority and 
releasing women's creativeness in a context within which men may learn 
and things may change. 

Notes 

References arc to Engineering Industry Training Board, Women in Engineering, RP/4/79 
and Updated Statistics .July 1981. 

2 The Report of the Equal Opportunities Commission/Social Science Research Council 
Conference, Women in Engineering, 1982. 
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3 Ibid. 
't Beatrix Campbell in';\ man"s a man for all that'. Cit)' /_/m/1,, Scptcndll'r lti- 22. 19fl:>. 

[ Cziy Limits is a radical London wccklv magazine. J 

Thanks fclr ach·icc recci,-cd from Liz Allen, .\lary C:lcrnmey, Hcathn Hunt, Anne Phillips 
and Elaim· Sinclair. 
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Cynthia Cockburn 

The material of male power 

A skilled craftsman may be no more than a worker in relation to capital, 
but seen from within the working class he has been a king among men 
and lord of his household. As a high earner he preferred to see himself 
as the sole breadwinner, supporter of wife and children. As artisan he 
defined the unskilled workman as someone of inferior status, and would 
'scarcely count him a brother and certainly not an equal' (Berg, 1979: 121). 
For any socialist movement concerned with unity in the working class, the 
skilled craftsman is therefore a problem. For anyone concerned with 
the relationship of class and gender, and with the foundations of male power, 
skilled men provide a fertile field for study. 

·Compositors in the printing trade are an artisan group that have long 
defeated the attempts of capital to weaken the tight grip on the labour process 
from which their strength derives. Now their occupation is undergoing a 
dramatic technological change initiated by employers. Introduction of the new 
computerized technology of photocomposition represents an attack on what 
remains of their control over their occupation and wipes out many of the aspects 
of the work which have served as criteria by which 'hot metal' composition 
for printing has been defined as a manual skill and a man's craft. 1 

In this paper I look in some detail at the compositors' crisis, what has 
given rise to it and what it may lead to in future. Trying to understand 
it has led me to ask questions in the context of socialist-feminist theory. 
These I discuss first, as preface to an account of key moments in the 
compositors' craft history. I then isolate the themes of skill and technology 
for further analysis, and conclude with the suggestion that there may be 
more to male power than 'patriarchal' relations. 

Producing class and gender 

The first difficulty I have encountered in socialist-feminist theory is one 
that is widely recognized: the problem of bringing into a single focus our 
experience of both class and gender. Our attempts to ally the Marxist theory 
of capitalism with the feminist theory of 'patriarchy' have till now been 
unsatisfactory to us (Hartmann, 1979a). 
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One of the impediments I believe lies in our tendency to try to mesh 
together two static structures, two hierarchical systems. In studying 
compositors I found I was paying attention instead to processes, the detail 
of historical events and changes, and in this way it was easier to detect 
the connexions between the power systems of class and gender. What we 
are seeing is struggle that contributes to the formation of people within both their 
class and gender simultaneously. 

One class can only exist in relation to another. E. P. Thompson wrote 
'we cannot have two distinct classes each with an independent being and 
then bring them into relationship with each other. We cannot have love 
without lovers, nor deference without squires and labourers.' Likewise, 
it is clear we cannot have masculinity without feminity: genders presuppose 
each other, they are relative. Again, classes are made in historical processes. 
'The working class did not rise like the sun at an appointed time. It was 
present at its own making ... Class is defined by men [sic] as they live 
their own history' (Thompson, 1963). The mutual production of gender 
should be seen as a historical process too. 

So in this paper I set out to explore aspects of the process of mutual 
definition in which men and women are locked, and those (equally processes 
of mutual creation) in which the working class and the capitalist class are 
historically engaged. Capital and labour, through a struggle over the design 
and manipulation of technology that the one owns and the other sets in 
motion, contribute to forming each other in their class characters. 
Powerfully-organized workers forge their class identity vis-a-vis both capital 
and the less organized and less skilled in part through this same process. 
And men and women too are to some extent mutually defined as genders 
through their relation to the same technology and labour process. In neither 
case is it a balanced process. By owning the means of production the 
capitalist class has the initiative. By securing privileged access to capability 
and technology the man has the initiative. Each gains the power to define 
'another' as inferior. 2 I will try to draw these occurrences out of the story 
of the compositors as I tell it. 

Components of power 

The second theoretical need which an examination of skilled workers has 
led me to feel is the need for a fuller conception of the material basis of 
male power, one which does not lose sight of its physical and socio-political 
ramifications in concentrating upon the economic. 

As feminism developed its account of women's subordination one problem 
that we met was that of shifting out of a predominantly ideological mode 
and narrating also the concrete practices through which women are 
disadvantaged. Early literature relied on 'sexist attitudes' and 'male 
chauvinism' to account for women's position. Socialist feminists, seeking 
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a more material explanation f(Jr women's disadvantage, used the implement 
of Marxist theory, unfortunately not purpose-designed for the job but the 
best that was to hand. The result was an account of the economic advantages 
to capital of women as a distinct category of labour and their uses as an 
industrial reserve army. The processes of capitalism seemed to be producing 
an economic advantage to men which could be seen uniting with their 
control over women's domestic labour to form the basis of their power. 3 

Many feminists, however, were dissatisfied with what seemed a narrow 
'economism' arising from Marx (or through mis-interpretation of Marx 
according to the point of view). The ideological vein has been more recently 
worked with far more sophistication than before, in different ways, by Juliet 
Mitchell on the one hand and Rosalind Coward on the other (Mitchell, 
1975; Coward, 1978). But, as Michele Barrett has pointed out, while 
'ideology is an extremely important site for the construction and 
reproduction of women's oppression ... this ideological level cannot be 
dissociated from economic relations' (Barrett, 1980). 

There is thus a kind of to-ing and fro-ing between 'the ideological' and 
'the economic', neither of which gives an adequate account of male 
supremacy or female subordination. The difficulty lies, I believe, in a 
confusion of terms. The proper complement of ideology is not the economic, 
it is the material.'1 And there is more to the material than the economic. 
It comprises also the socio-political and the physical, and these are often 
neglected in Marxist-feminist work. 

An instance of the problems that arise through this oversight is Christine 
Delphy's work, where a search for a 'materialist' account of women's 
subordination leads her to see marriage in purely economic terms and 
domestic life as a mode of production, an interpretation which cannot deal 
with a large area of women's circumstances (Delphy, 1977). 

It is only by thinking with the additional concepts of the socio-political 
and the physical that we can begin to look for material instances of male 
domination beyond men's greater earning power and property advantage. 
The socio-political opens up questions about male organization and 
solidarity, the part played by institutions such as church, societies, unions 
and clubs for instance. 5 And the physical opens up questions of bodily 
physique and its extension in technology, of buildings and clothes, space 
and movement. It allows things that arc part of our practice ('reclaiming 
the night', teaching each othcT manual skills) a fuller place in our theory. 

In this account I want to allow 'the economic' to retire into the 
background, not to deny its significance but in order to spotlight these other 
material instances of male power. The socio-political will emerge in the 
shape of the printing trade unions and their interests and strategies. The 
physical will also receive special attention because it is that which I have 
found most difficult to understand in the existing framework of Marxist-
feminist thought. It finds expression in the compositor's capability, his 
dexterity and strength and in his tools and technology. 
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Physical effectivity is acquired 

One further prefatory note is needed. In 1970, when Kate Millett and 
Shulamith Firestone, in their different ways, pinned down and analysed 
the system of male domination they spoke to the anger that many women 
felt (Millett, 1971; Firestone, 1971 ). But many feminists were uneasy with 
the essentialism inherent in their view, and especially the biological 
determinism of Firestone and its disastrous practical implications. 

Marxist-feminist theory has consequently tended to set on one side the 
concept of the superior physical effectivity of men, to adopt a kind of 
agnosticism to the idea, on account of a very reasonable fear of that 
biologism and essentialism which would nullify our struggle. I suggest 
however that we cannot do without a politics of physical power and that 
it need not immobilize us. In this article I use the term physical power 
to mean both corporal effectivity (relative bodily strength and capability) 
and technical effectivity (relative familiarity with and control over machinery 
and tools). 

To say that most men can undertake feats of physical strength that most 
women cannot is to tell only the truth. Likewise it is true to say that the 
majority of men are more in their element with machinery than the majority 
of women. These statements are neither biologistic nor essentialist. Physical 
efficiency and technical capability do not belong to men primarily by birth, 
though DNA may offer the first step on the ladder. In the main they are 
appropriated by males through childhood, youth and maturity. Men's socio-
political and economic power enables them to do this. In turn, their physical 
presence reinforces their authority and their physical skills enhance their 
earnmg power. 

Ann Oakley, among others, has made the fruitful distinction between 
biologically-given sex (and that not always unambiguous) and culturally 
constituted gender, which need have little correlation with sex but in our 
society takes the form of a dramatic and hierarchical separation (Oakley, 
1972). 

The part of education and that of child-rearing in constituting us as 
masculine and feminine in ideology is the subject of an extensive literature 
(e.g. Wolpe, 1978; Belotti, 1975). But there is evidence to show that bodily 
difference is also largely a social product. With time and work women athletes 
can acquire a physique which eclipses the innate differences between males 
and females (Ferris, 1978). Height and weight are correlated with class, 
produced by different standards of living, as well as with gender. 6 Boys 
are conditioned from childhood in numberless ways to be more physically 
effective than girls. They are trained in activities that develop muscle, they 
are taught to place their weight firmly on both feet, to move freely, to use 
their bodies with authority. With regard to females they are socialized to 
seize or shelter them and led to expect them in turn to yield or submit. 
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While so much of the imbalance of bodily effectiveness between males 
and females is produced through social practices it is misguided to prioritize 
that component of the difference that may prove in the last resort to be 
inborn. 7 More important is to study the way in which a small physical 

in size, strength and reproductive function is developed into an 
increasing relative physical advantage to men and vastly multiplied by 
differential access to technology. The process, as I will show, involves several 
converging practices: accumulation of bodily capabilities, the definition 
of tasks to match them and the selective design of tools and machines. The 
male physical advantage of course interacts with male economic and socio-
political advantage in mutual enhancement. 

The appropriation of muscle, capabillty, tools and by men is an important 
source of women's subordination, zndeed it is part the process by which females 
are constituted as women. It is a process that is in some ways an analogue 
of the appropriation of the means of production by a capitalist class, which 
thereby constituted its complementary working class. In certain situations 
and instances, as in the history of printers, the process of physical 
appropriation (along with its ideological practices) has a part in constituting 
people within their class and gender simultaneously. 

The hand compositor: appropriation 4 technique 

Letterpress printing comprises two distinct technological processes, 
composing and printing. Before the mechanization of typesetting in the 
last decade of the nineteenth century compositors set the type by hand, 
organizing metal pieces in a 'stick', and proceeded to assemble it into a 
unified printing surface, the 'forme', ready for the printer to position on 
the press, coat with ink and impress upon paper. 

The hand compositor, then, had to be literate, to be able to read type 
upside down and back to front, with a sharp eye for detail. He had to possess 
manual dexterity and have an easy familiarity with the position of letters 
in the 'case'. He had to calculate with the printers' 'point' system of 
measurement. Furthermore he had to have a sense of design and spacing 
to enable him to create a graphic whole of the printed page, which he secured 
through the manipulation of the assembled type, illustrative blocks and 
lead spacing pieces. The whole he then locked up in a forme weighing 50 lbs 
or more. This he would lift and move to the proofing press or bring back 
to the stone for the distribution of used type. He thus required a degree 
of strength and stamina, a strong wrist, and, for standing long hours at 
the case, a sturdy spine and good legs. 

The compositor used his craft to secure for himself a well-paid living, 
with sometimes greater and sometimes less success depending on conditions 
of trade. Through their trade societies (later unions) compositors 
energetically sought to limit the right of access to the composing process 
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and its equipment to members of the society in a given town or region, 
blacking 'unfair houses' that employed non-society men. 

Camps deployed all the material and ideological tactics they could muster 
in resistance to the initiatives of capital in a context of the gradual, though 
late, industrialization of printing. Capitalists continually aimed for lower 
labour costs, more productive labour processes, the 'real subordination' 
of labour. Their two weapons were the mobilization of cheap labour and 
the introduction of machinery. They repeatedly assaulted the defences of 
the camps' trade societies. The organized, skilled men saw their best 
protection against capital to lie in sharply differentiating themselves from 
the all-but-limitless population of potential rivals for their jobs, the 
remainder of the working class. 

They sought to control the numbers entering the trade and so to elevate 
their wage-bargaining position by a system of formal apprenticeship. They 
tried to limit the number of apprentices through an agreed ratio of boys 
to journeymen and to keep the period of apprenticeship as long as possible. 
The introduction of unapprenticed lads, 'the many-headed monster', the 
'demon of cheap boy labour' was always a source of fear to compositors. 
Camps' jobs were kept within the class fraction by the custom of limiting 
openings wherever possible to members of existing printer families. 

Thus the struggles over physical and mental capability and the right of 
access to composing equipment was one of the processes in which fractions 
of classes were formed in relation to each other. 

How did women enter this story? The answer is, with difficulty. Women 
and children were drawn into industrial production in many industries in 
the first half of the nineteenth century but in printing their entry was almost 
entirely limited to the bookbinding and other low-paid finishing operations 
held to require no skill. Girls were not considered suitable for apprenticeship. 
Physical and moral factors (girls were not strong enough, lead was harmful 
to pregnancy, the social environment might be corrupting) were deployed 
ideologically in such a way that few girls would see themselves as suitable 
candidates for apprenticeship. A second line of defence against an influx 
of women was of course the same socio-political controls used to keep large 
numbers of boys of the unskilled working class from flooding the trade. 

Women who, in spite of these barriers, obtained work as non-society 
compositors were bitterly resisted and their product 'blacked' by the society 
men, i.e. work typeset by women could not be printed. Their number 
remained few therefore (Child, 1967). After 1859 a few small print shops 
were organized by philanthropic feminists to provide openings for women. 
It is worth noting that these enterprises did prove that women were in fact 
physically capable, given training and practice, of typesetting and 
imposition, though they did not work night shifts and male assistants were 
engaged to do the heavy lifting and carrying. These projects were dismissed 
by the men as 'wild schemes of social reformers and cranks'. 8 

The process of appropriation of the physical and mental properties and 
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technical hardware required for composing by a group of men, therefore, 
was not only a capitalist process of class formation, as noted above, but 
also a significant inf1uence in the process of gender construction in which 
men took the initiative in constituting themselves and women in a relation 
of complementarity and hierarchy. 

The mechanization of (ypesetting: 
appropriation of the machine 

The compositors' employers had for years sought to invent a machine that 
could bypass the labour-intensive of hand typesetting. They hoped 
in so doing not only to speed up the process but to evade the trade societies' 
grip on the craft, introduce women and boys and thus bring down the adult 
male wage. The design of such a machine proved an intractable problem. 
Though various prototypes and one or two production models were essayed 
in the years following 1840, none were commercially successful. It was only 
when highspeed rotary press technology developed in the 1880s that 
typesetting became an intolerable bottleneck to printing and more serious 
technological experiment was undertaken. Among the various typesetting 
machines that then developed, the overwhelmingly successful model was 
the Linotype. It continued in usc almost unchanged for sixty or seventy 
years. 

The Linotype was not allowed to replace the hand typesetter without 
a The men believt>d the Iron Comp would mean mass 
unemployment of society members. They did not (as an organized group) 
reject the machine out of hand, however. Their demand was the absolute, 
exclusive right of hand camps to the machine and to improved earnings. 
Their weapons were disruption, blacking and deliberate restriction of 
keyboard speeds. The outcome of the struggle was seen finally by both 
print employers and compositors as a moderate victory for both sides. There 
was unemployment of hand compositors for a few years in the mid-nineties, 
but with the upturn of business at the end of the Great Depression the 
demand for print grew fast and the demand for typesetters with it. Indeed, 
the first agreement between the London Society of Compositors (LSC) and 
the employers on the adaptation of the London Scale of Prices to Linotype 
production was a disastrous error for the capitalists, who had under-
estimated the productive capacity of their rww fi1rce of production and over-
estimated the strength of the organized comps. The bosses only began to 
share fully in the profits from their invention when the agreement was 
revised in 1896. A lasting cost to the comps was an increasing division 
of labour between the two halves of their occupation: typesetting and the 
subsequent composing process. They did succeed however in continuing 
to encompass both jobs within the unitary craft and its apprenticeship as 
defined by their societies. 

131 



Cynthia Cockburn 

Figure 1 The Young-Delcambre composing machine. The girl on the left is justifying 
the lines. 

Those who really lost in the battle scarcely even engaged in it. They 
were the mass of labour, men and women who had no indentured 
occupation and who, if organized at all, were grouped in the new general 
unions of the unskilled. Jonathan Zeitlin firmly ascribes the success of the 
compositors (in contrast to engineers) in routing the employers' attempt 
to break their control of their craft in the technological thrust of the late 
nineteenth century to the former's success in ensuring that during the 
preceding decades no unskilled or semi-skilled categories of worker had 
been allowed to enter the composing room to fill subordinate roles (Zeitlin, 
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1981). And the incipient threat from women had been largely averted by 
the time the Linotype was invented. An exception was a pocket of female 
compositors in Edinburgh who had entered the trade at the time of a strike 
by the men in 1872 and had proved impossible to uproot. 

A more sustained attempt was made by employers ten years later to 
introduce women to work on another typesetting process that was widely 
applied in the book trade: the Monotype. The Monotype Corporation, 
designers of the machine, in contrast to the Linotype Company Ltd., opened 
the way to a possible outflanking of the skilled men by splitting the tasks 
of keyboarding and casting into two different machines. Men retained 
unshaken control of the caster, but an attempt was made by employers 
to introduce women onto the keyboards, which had the normal typewriter 
lay. 

In 1909-10 the compositors' societies organized a campaign, focussing 
on Edinburgh, to eliminate women from the trade once and for all. They 
succeeded in achieving a ban on female apprentices and an agreement for 
natural wastage of women comps and operators. This male victory was 
partly due to an alliance between the craft compositors and the newly 
organized unions of the unskilled men in the printing industry (Zeitlin, 
1981) . 

. That there were large numbers ofwomen, literate, in need of work and 
eminently capable of machine typesetting at this time is evidenced by the 
rapid feminization of clerical work that accompanied the introduction of 
the office typewriter, in a situation where the male incumbent of the office 
was less well organized to defend himself than was the compositor (Davies, 
1979). Men's socio-political power, however, enabled them to extend their 
physical capabilities in manual typesetting to control of the machine that 
replaced it. (The gender-bias of typesetting technology is discussed further 
below.) The effect has been that women's participation in composing work, 
the prestigious and better-paid aspect of printing, was kept to a minimum 
until the present clay, not excluding the period of the two World Wars. 
The composing room was, and in most cases still is, an all-male preserve 
with a sense of camaraderie, pin-ups on the wall and a pleasure taken in 
the manly licence to usc 'bad' (i.e. woman-objectifying) language. 

Electronic composition: 
the disruption of class and gender patterns 

In the half-century between 1910 and 1960 the printing industry saw 
relatively little technical change. Then, in the nineteen-sixties two big new 
possibilities opened up for capital in the printing industry as, emerging 
from post-war restrictions, it looked optimistically to expanding print 
markets. The first was web offset printing, with its potential flexibility and 
quality combined with high running speeds. The logical corollary was to 
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Figure 2 A nineteenth-century iron hand-press. 

abandon the machine-setting of metal type and to take up the second 
component of' the new technology': letter assembly on film or photographic 
paper by the techniques of computer-aided photocomposition. The new 
process began to make inroads in to the British printing industry in the 
late sixties and swept through the provincial press and general printing 
in the seventies. The last serious redoubt of hot metal typesetting and 
letterpress printing is now the national press in Fleet Street. 

Photocomposition itself has gone through several phases of development. 
At first, the operation comprised a keyboarding process whereby the 
operator tapped a typewriter-style keyboard producing a punched paper 
tape. The operator worked 'blind', that is to say he saw no hard copy of 

134 

Tht malnial of male power 

his work as he produced it. The ·idiot tape' was fed into a computer which 
read it, made the subtle line-end decisions formerly the responsibility of 
the operator and output clean tape. This second tape drove a photosctter, 
each impulse producing a timed flash of light through a photographic image 
on a master disc or drum. The result was a succession of characters 
laid down on film or bromide paper. The columns of text were taken 
by the compositor, cut up, sorted and pasted in position on a prepared 
card, later to be photographed as a whole and reproduced on a printing 
plate. 

In the latest electronic composing tcchnol<>i-,'Y there is no such photomatrix 
of characters. The computer itself holds instructions that enable it to generate 
characters, in an almost limitless range of tvpc fi1ces and sizes and at 
enormously rapid speeds, on the face of a cathode rav tube. The inputting 
operation is performed with a keyboard associated with a video display 
unit on which the operator can assist com pu tcr decisions and 'massage' 
the copy into a desired order bcf(m· committing it to the computer memory. 
The matter is transmitted direct from computer to photosetter and may 
now be produced in complete sections as large as a full newspaper page, 
making paste-up unnccessarv. 

The process is clearly seen hv capital as a means of smashing the costly 
craft control of the compositor. The system is greatlv more productive and 
requires less manpower. It would rcqui re less still if operated in the manner 
for which it is designed, i.e. avoiding two kevboardmg processes by having 
typists, journalists, editors and authors key mattn direct onto the computer 
disc for editing on screen and thence to direct output. 

The work is much lighter, mon· sedentary. The abilities called upon are 
less esoteric, more generally available in the working population outside 
print. Inputting requires little more than good tvping ability on the 
QWERTY board, something possessed by manv more women than men. 
The implications f(n compositors of this twist in their craft history are 
dramatic. Combined with a recession it is causing unemployment in the 
trade, something unknown since the thirties. The individual tasks in 
the overall process have become trivialized and the men feel the danger 
of increased sub-division, routinization and substitution of unskilled 
workers. 

The union response has not lwcn to reject the new technology. Instead 
it has fought an energetic battle to retain the right to the new equipment 
as it did to the old. lt resists 'direct input' bv outsiders, asserts exclusive 
right to the photosctting kcvstroke (if neccssarv to a redundant second 
typing), to paste-up and the control of the and where possible 
the computers. It is lkmanding increased pav and reduced hours in 
exchange for agreement to operate the new technology. And it is insisting 
(in principk at least) that all composing pcrsonncl get the chance to retrain 
for all aspects of the whole photocomposing job an uphill struggle for 
reintegration of the now transfimncd naft. 
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Skill and its uses 

An extensive literature has demonstrated the effect of craft organization 
on the structure of the working class. 'The artisan creed with regard to 
the labourers is that the latter are an inferior class and that they should 
be made to know and kept in their place' (Hobsbawm, 1964). The loss 
of demands on manual skill brought about by electronic photocomposition 
does not necessarily mean the job has become more 'mental'. On the 
contrary, present-day compositors feel their new work could be done by 
relatively unskilled workers. Many members feel they have lost status and 
some resent the strategic necessity to seek amalgamation of the National 
Graphical Association (NGA) with the unions representing the less skilled. 

Our account shows, however, that the purposeful differentiation between 
skilled and unskilled workers was also a step in the construction of gender. 
This is a more recent conception. Heidi Hartmann has suggested that 'the 
roots of women's present social status' lie in job segregation by sex and 
demonstrates the role of men and their unions in maintaining women's 
inferiority in the labour market by deployment of skill (Hartmann, 1979b ). 
The fact that females in the closed-shop NGA (which embodies a large 
proportion of the better paid workers in the printing industry) until recently 
amounted to no more than 2% of its membership is directly connected 
with the fact that women's average earnings have always been lower relative 
to men's in printing than in manufacturing occupations as a whole. Through 
the mechanisms of craft definition women have been constructed as 
relatively lacking in competence, and relatively low in earning power. 
Women's work came to be seen as inferior. Now that the new composing 
process resembles 'women's work' stereotypes it is felt as emasculating. 
The skill crisis is a crisis of both gender and class for comps. 

Anne Phillips and Barbara Taylor propose that skill is a direct correlate 
of sexual power. 'Skill has increasingly been defined against women . . . 
far from being an objective economic fact, skill is often an ideological 
category imposed on certain types of work by virtue of the sex and power 
of the workers who perform it' and Taylor, 1980). 

It is important to recognize this ideological factor. It has become 
increasingly important in printing with the advance of technology. The 
compositor sitting at a keyboard setting type is represented as doing skilled 
work. A girl typist at a desk typing a letter is not- though the practical 
difference today is slight. Nonetheless, the formulation here again, posing 
the ideological as foil to the economic, leads to an under-emphasis on the 
material realities (albeit socially acquired) of physical power and with them 
the tangible factors in skill which it is my purpose to reassert. 

Phillips and Taylor cite several instances of job definition where the 
distinction between male and female jobs as skilled and unskilled is clearly 
no more than ideological. But in printing, and perhaps in many other 
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occupations too, unless we recognize what measure of reality lies behind 
the male customary over-estimate of his skill we have no way of evaluating 
the impact of electronic photocomposition, the leeching out of the tangible 
factors of skill from some tasks and their relocation in others, out of the 
compositor's reach. 

What was the hot metal compositor's skill? He would say: I can read 
and calculate in a specialized manner; I can understand the process and 
make decisions about the job; I have aesthetic sense; I know what the tools 
are for and how to use them; I know the sequence of tasks in the labour 
process; how to operate, clean and maintain the machinery; I am dexterous 
and can work fast and accurately under pressure, can lift heavy weights 
and stand for hours without tiring. No one but an apprenticed compositor 
can do ALL these things. 

There are thus what we might call tangible factors in skill- things that 
cannot be acquired overnight. They are both intellectual and physical and 
among the physical are knack, strength and intimacy with a technology. 
They are all in large measure learned or acquired through practice, though 
some apprentices will never make good craftsmen. The relative importance 
of the factors shifts over time with changing technology. Skill is a changing 
constellation of practical abilities of which no single one is either necessary 
or sufficient. Cut away the need for one or two of them and the skill may 
still be capable of adaptation to remain intact, marketable and capable of 
defence by socio-political organization. 

The tangible factors in skill may be over-stated for purposes of self defence 
and are variably deployed in socio-political struggle. Thus, against the 
unskilled male, defined as corporally superior to the skilled, hot metal comps 
have defended their craft in terms of (a) its intellectual and (b) its dexterity 
requirements. Against women, with their supposed superior dexterity, the 
skilled men on the contrary used to invoke (a) the heavy bodily demands 
of the work and (b) the intellectual standards it was supposed to require.lO 
(Among comps today it is sometimes done to keep a list of the 'howlers' 
they detect in the typescripts coming to them from the 'illiterate' typists 
upstairs.) 

The bodily strength component of the compositor's craft may be isolated 
to illustrate the politics involved. Men, having been reared to a bodily 
advantage, are able to make political and economic use of it by defining 
into their occupation certain tasks that require the muscle they alone possess, 
thereby barricading it against women who might be used against them as 
low-cost alternative workers (and whom for other reasons they may prefer 
to remain in the home). In composing, the lifting and carrying of the forme 
is a case in point. Nonetheless, many compositors found this aspect of the 
work heavy and it was felt to be beyond the strength of older men. They 
were always torn between wishing for unskilled muscular assistants and 
fearing that these, once ensconced in part of the job might lay claim to 
the whole. 
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The size and weight of the forme is arbitrary. Printing presses and the 
printed sheet too could have been smaller. And heavy as it is, the 
mechanization exists which could ease the task. It is, in printing, purely 
a question of custom at what weight the use of hoists and trolleys to transport 
the forme is introduced. 

Units of work (hay bales, cement sacks) are political in their design. 
Capitalists with work-study in mind and men with an interest in the male 
right to the job both have a live concern in the bargain struck over a standard 
weight or size. But the political power to design work processes would be 
useless to men without a significant average superiority in strength or other 
bodily capability. Thus the appropriation of bodily effectivity on the one 
hand and the design of machinery and processes on the other have often 
converged in such a way as to constitute men as capable and women as 
inadequate. Like other physical differences, gender difference in average 
bodily strength is not illusory, it is real. It does not necessarily matter, 
but it can be made to matter. Its manipulation is socio-political power play. 

Above everything, a skill embodies the idea of wholeness in the job and 
in the person's abilities, and what this 'whole' comprises is the subject of 
a three-way struggle between capital, craftsman and the unskilled. The 
struggle is over the division of labour, the building of some capabilities 
into machines (the computer, the robot), the hiving off of some less taxing 
parts of the job to cheaper workmen, or to women. Craft organization 
responds to capitalist development by continually redefining its area of 
competence, taking in and teaching its members new abilities. Wholeness 
has become of key significance to the compositors' union as electronic 
technology has trivialized and shifted the pattern of the individual tasks. 
Socio-political organization and power have become of paramount 
importance as the old tangible physical and intellectual factors have been 
scrapped along with the old hardware. 

Control of technology 

Capitalists as capitalists and men as men both take initiatives over 
technology. The capitalist class designs new technology, in the sense that 
it commissions and finances machinery and sets it to work to reduce the 
capitalist's dependency on certain categories of labour, to divide, disorganize 
and cheapen labour. Sometimes machinery displaces knack and know-how, 
sometimes strength. Yet it is often the knowledge of the workers gained 
on an earlier phase of technology that produces the improvements and 
innovations that eventually supersede it. For instance, in a radical working 
men's paper in 1833, claiming rights over the bosses' machines, the men 
say: 'Question: Who are the inventors of machinery? Answer: Almost 
universally the working man' (Berg, 1979: 90). 

In either case, it is overwhelmingly males who design technological 
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processes and productive machinery. Many women have observed that 
mechanical equipment is manufactured and assembled in ways that make 
it just too big or too heavy for the 'average' woman to usc. This need not 
be conspiracy, it is merely the outcome of a pre-existing pattern of power. 
It is a complex point. Women vary in bodily strength and size; they also 
vary in orientation, some having learned more confidence and more 
capability than others. Many processes could be carried out with machines 
designed to suit smaller or less muscular operators or reorganized so as 
to come within reach of the 'average' woman. 

There are many mechanized production processes in which women are 
employed. Rut there is a sense in which women who operate machinery, 
from the nineteenth-century cotton spindles to the modern typewriter, are 
only 'lent' it by men, as men are only 'lent' it by capital. Working-class 
men are threatened by the machines with which capital seeks to replace 
them. But as and when the machines prevail it is men's hands that control 
them. Comps now have twice adopted nt>w technology, albeit with bad 
grace, on the strict condition that it remain under their own control. They 
necessarily engage in a class gamble (how many jobs will be lost? will wages 
fall?) but their sexual standing is not jeopardized. 

The history of mechanized typesetting offers an instance of clear 
bias within the design of equipment. The Linotype manufacturing company 
has twice now, in contrast to its competitors, adopted a policy that is curiously 
beneficial to men. A nineteenth century rival to the Linotype was the 
Hatterslcy typesetter. It had a separate mechanism for distributing type, 
designed for use by girls. The separation of the setting (skilled) from dissing 
(unskilled) was devised as a means of reducing overall labour costs. 
A representative of the Hattersley company wrote 'it would be a prostitution 
of the object for which the machine was invented and a proceeding against 
which we would protest at all times' to employ men on the disser 
(Typographical Association, 1893). 

The Linotype machine on the other hand did not represent the destruction 
but merely the mechanization of the comp' s setting skills as a whole. In 
fact, the LSC congratulated the Linotype Company Ltd. 'The Linotype 
answers to one of the essential conditions of trade unionism, in that it does 
not depend for its success on the employment of boy or girl labour; but 
on the contrary, appears to offer the opportunity for establishing an 
arrangement whereby it may be fairly and honestly worked to the advantage 
of employer, inventor and workman' (Typographical Association, 1893). 
While Linotype were not above using male scab trainees when driven to 
it by the comps' ca' canny, they never tried to put women on the machines 
and indeed curried favour with the LSC by encouraging employers who 
purchased the machine to shed female typesetters and replace them with 
umon men. 

Ninety years on, Linotype (now Linotype Paul) arc leading designers 
and marketers of electronic composing systems. Most present day 
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manufacturers, with an eye to the hundreds of thousands of low-paid female 
typists their clients may profit from installing at the new keyboards, have 
designed them with the typewriter QWERTY lay, thus reducing Lino 
operators at a single blow to fumbling incompetence. Linotype Paul is one 
of the few firms offering an optional alternative keyboard, the 90-key lay 
familiar to union comps. Once more, they seem to be wooing the organized 
comp as man and in doing so are playing, perhaps, an ambivalent part 
in the class struggle being acted out between print employers, craftsmen 
and unskilled labour (since employers would profit more by the complete 
abolition of the 90-key board). 

Now, electronic photocomposition is an almost motionless labour process. 
The greatest physical exertion is the press of a key. The equipment is more 
or less a 'black box'. The intelligence lies between the designers, 
maintenance engineers and programmers and the computer and its 
peripherals. Only the simplest routine processes and minimal decisions are 
left to the operator. 

Two factors emerge. It is significant that the great majority of the 
electronic technical stratum are male (as history would lead us to expect). 
Male power deriving from prestigious jobs has shifted up-process leaving 

Figure 3 The Victoria Press in Great Coram Street, London, for the employment 
of women compositors, 1861. 
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the compositor somewhat high and dry, vulnerable to the unskilled and 
particularly to women. In so far as he operates this machinery he has a 
'female' relationship to it: he is 'lent' it by men who know more about 
its technicalities than he docs. 

The NGA, faced with a severe threat to composing as a craft, has been 
forced into innovatory manoeuvres in order to survive as a union. It is 
widening its scope, radically re-designing and generalizing its apprenticeship 
requirements, turning a blind eye to the fact that some of the new style 
comps it recruits 'on the job' come in without apprenticeships (and a handful 
of these are now women who have graduated from typing to simple 
composers). It is seeking to recruit of1icc workers, a proportion of whom 
will be female typists who are seen as a weapon employers may try to use 
against comps. They are to be organized in separate division within the 
union and thus will be under supervision by the union but not permitted 
to invade the area of existing comps' work. 

Conclusion: men's power and patriarchy 

This study has been of the workplace. Marxist theory proposed the 
workplace as the primary locus of capitalist exploitation, while women's 
disadvantage was seen as having its site in the property relations of the 
family. The corollary of this view was the belief (disproved by the passing 
of time) that women would evade their subordination to men when they 
came out into waged work (Engels, 1972). Feminists have shown on the 
contrary that the family, as the throne of 'patriarchy', has its own malevolent 
effectivity within capitalism and capitalist relations, it pursues women out 
into waged work (Kuhn, 1978; Bland, 1978). 

Many women, however, are relatively detached from conjugal or paternal 
relationships. Many arc single, childless, widowed, live independently, 
collectively, without husbands, free from fathers. Can 'the family' 
satisfactorily account today for the fact that they hesitate to go to the cinema 
alone, have to call on a man to change a car wheel, or feel put out of 
countenance by walking into a pub or across a composing room floor? Our 
theories of sexual division of labour at work have tended to be an immaculate 
conception unsullied by these physical intrusions. They read: women fill 
certain inferior places provided by capitalism, but do so in a way for which 
they are destined by the shackles of family life. The free-standing woman, 
the physical reality of men, their muscle or initiative, the way they wield 
a spanner or the spanner they wield, these things have been diminished 
in our account. 

The story of compositors, for me, throws doubt on the adequacy of the 
explanation that the sexual relations of work can be fully accounted for 
as a shadow cast by the sex-relations of the family. It seems to me that 
the construction of gender difference and hierarchy is created at work as 
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well as at home- and that the effect on women (less physical and technical 
capability, lack of confidence, lower pay) may well cast a shadow on the 
sex-relations of domestic life. 

In socialist-feminist thought there has been a clear divide between 
production (privileged site of class domination) and the family (privileged 
site of sexual domination). The patriarchal family is recognized as adapted 
to the interests of capital and the capitalist division of labour as being 
imprinted with the patterns of domestic life. They are conceded to be 
mutually effective, but are nonetheless still largely conceived as two separate 
spheres, capitalism holding sway in one, patriarchy in the other. 

Yet the compositors' story reveals a definable area of sex-gender relations 
that cannot be fully subsumed into 'the family', an area which has tended 
to be a blindspot for socialist-feminist theory. It is the same as that spot 
within the class relations of wage labour and capitalist production, invisible 
to Marxist theory, in which male power is deployed in the interests of 
men - capital apart. 

In our analysis we can accommodate men as 'patriarchs', as fathers or 
husbands, and we can accommodate capitalists and workers who are 
frequently men. But where is the man as male, the man who fills those 
spaces in capitalist production that he has defined as not ours, who designs 
the machines and thereby decides who will use them? Where is the man 
who decorates the walls of his workplace with pin-ups of naked women 
and whose presence on the street is a factor in a woman's decision whether 
to work the night shift? 

It was an incalculable breakthrough in the late sixties when the sexual 
relations of private life came to be more generally recognized as political. 
But somehow those sexual relations have remained ghettoized within the 
family. Only slowly are we demolishing the second wall, to reveal in theory 
what we know in practice, that the gender relations of work and public 
life, of the factory and the street, are sexual politics too. 11 

It is in this sense that the prevailing use of the concept of 'patriarchy' 
seems to me a problem. Some feminists have argued, I think rightly, that 
it is too specific an expression to describe the very diffuse and changing 
forms of male domination that we experience, and that it should be reserved 
for specific situations where society is organized through the authority of 
fathers and husbands over wives and offspring and of older men over 
younger men (Young and Harris, 1976). 

Such a 'patriarchy' would usefully enable us, for instance, to characterize 
certain historical relations in the printing industry: the archaic paternalism 
of journeyman-apprentice relations, the handing of job from father to son, 
the role of the 'father' of chapel in the union etc. But these practices are 
changing in printing- just as Jane Barker and Hazel Downing have shown 
that patriarchal relations of control in the office are being rendered obsolete 
by the new capitalist office technology (Barker and Downing, 1980). 

Do we then assume that male supremacy is on the wane in the workplace? 
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Figure 4 A made up jimne. 

I think not. The gap between women's earnings and mens m printing 
has widened in the last few years. What we are seeing in the struggle over 
the electronic oftice ,md printing technulogy is a series of transformation3 
within gender relations and their articulation with class relations. The class 
relations are those of capitalism. The gender relations are those of a wider, 
more pervasive and more long-lived male dominance system than 
patriarchy. They are those of a sex-gender system !2 in which men 
dominate women inside and outside family relations, inside and outside 
economic production, by means which arc both material and ideological, 
exercising their authority through both individual and organizational 
development. It more nearly andrarchyi:l than patriarchy. 

Finally, in what practical sense do these questions matter to women? 
Seeing bodily strength and capability as being socially constructed and 
politically deployed helps us as an organized group in that we can fight 
for the right to strengths and skills that we feel to be useful. On the other 
hand, where we do not see this kind of power as socially !wneficial, our 
struggle can seck to dC\·alue it by socio-political means in the interests of 
a gentler world (or to prevent our being disadvantaged by what may turn 
out to be our few remaining innate differences). 

Identifying the gendered character of technology enables us to overcome 
our feelings of inferiority about technical matters and realise that our 
disqualification is the result not of our own inadequacy, nor of chance, 
but of power-play. Understanding technology as an implement in capital's 
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struggle to break down workers' residual control of the labour process helps 
us to avoid feeling 'anti-progress' if and when we need to resist it. 
Understanding it as male enables us to make a critique of the exploitation 
of technology for purposes of power by men - both over women and over 
each other, in competition, aggression, militarism. 

Unless we recognize what capital is taking away from some men as 
workers, we cannot predict the strategies by which they may seek to protect 
their position as men. As one technology fails them will they seek to establish 
a power base in another? Will they eventually abandon the de-skilled manual 
work to women, recreating the job segregation that serves male dominance? 
Or will the intrinsic interdependency of keyboard and computer force a 
re-gendering of 'typing' so that it is no longer portrayed as female? As 
men's physical pre-eminence in some kinds of work is diminished will they 
seek to reassert it heavily in private life? Or is the importance of physical 
effectivity genuinely diminishing in the power relations of gender? Can 
the unions, so long a socio-political tool of men, be made to serve women? 
We need to understand all the processes that form us as workers and as 
women if we are to exert our will within them. 

Thanks for helpful criticism of this paper in draft to Marianne Craig, Jane Foot, 
Nicola Murray, Anne Phillips, Eileen Phillips, Caroline Poland, Mary Slater, 
Judy Wajcman, Kate Young and members of the Feminist Review collective. 

Notes 

The article is based on a project in progress, 'Skilled printing workers and technological 
change', funded by the Social Science Research Council and carried out at The City 
University, London. The paper was first given at the annual conference of the British 
Sociological Association in 1981. 

2 The fact that a mode of production and a sex-gender system are two fimdamental and 
parallel features of the organization of human societies should not lead us to expect to 
find any exact comparability between them, whether the duo is capitalism/'patriarchy' 
or any other. In the case of a sex-gender system there is a biological factor that is strongly, 
though not absolutely, predisposing. This is not the case in a class system. The historical 
timescale of modes of production appears to be shorter than that of sex-gender systems. 
And the socio-political and economic institutions of class seem to be more formal and 
visible than those of gender- though one can imagine societies where this might not 
be the case. 

3 Michele Barrett's recent book reviews in detail the progress of this endeavour (Barrett, 
1980). An important contribution to the 'appropriation of patriarchy by materialism' 
has been Kuhn and Wolpe (1978). 

4 I adopt here Michele Barrett's useful re-assertion of the distinction between ideology 
and 'the material', in place of a simplistic fusion 'ideology is material'. She cites Terry 
Eagleton, 'there is no possible sense in which meanings and values can be said to be 
"material", other than in the most sloppily metaphorical use of the term ... If meanings 
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are material, then the term "materialism" naturally ceases to be intelligible' (Barrett, 
1980: 89-90). 

5 Heidi Hartmann's definition of patriarchy is novel in including 'hierarchical relations 
between men and .1()/zdarity among them' (Hart mann, I 

6 For instance, children whose Lunilics' low income entitles them to free school milk are 
shorter than the average child ( denionstratcd in article in Th1• fanret, 1979). More 
information relating class and stature should ill' available from Department of Health 
and Society Security 'Heights and \IV eights Surwv · to be published 1982. 

7 Griffiths and Saraga ( 1979) han· argued the same of sex difference in cognitive ability. 
8 A fuller account exists in Cynthia Cockburn ( 1 'lBO) 'The losing batt!!': women's attempts 

to enter composing work 1 Wi0-1914', \Norking 0/ote No. 1 1, unpublished. 
'I I have traced the course of this technological development in 'The Iron Cornp: the 

mechanization of composing', VVorking Note. 0/o. 10, 1'Hl0, unpublished. 
10 For an interesting discussion of 'dextcritv' versus 'skill' in relation to gender sec Ramsay 

Macdonald (1904). 
11 A sign of change in this direction was Farkv ( 1 CJHO). concerning sexual harrassmcnt 

of women at work. 
12 Gayle Rubin's term (Rubin, 1975). 
13 Rule by men as opposed to rule by fathers or 1nale he;Ids of household or cribe, cf. 

androgynous. polyandrv. andro-ccnt rism. 
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Word processing and the transformation of 
patriarchal relations of control in the office 

Where forms of resistance other than direct strike action, such as 
absenteeism, high labour turnover, sabotage, lateness, are taken seriously, 
it is always in relation to men- as if women wcrcn 't capable of resistance. 
However, our extensive experience of secretarial work points up how women 
have developed a culture of resistance which is peculiar to them as women, 
within the patriarchal relations of control of the office. 

Workers have almost always attempted to find ways of getting some time 
for themselves when confronted with boring, alienating work. It is, however, 
usually only the visible signs of resistance which arc recognised- such as 
pacing their work, or finding an excuse to stop the line. 

It is within the invisible culture of the otlice that we find the development 
offorms of resistance which are peculiarly 'feminine'. It is a culture which 
is contradictory, appearing oppressive, but at the same time containing 
the seeds of 'resistance'. Because the work in the office is boring and 
alienating, and because 'work', that is, waged work, is not traditionally 
seen as being central to women's lives by both employers and women 
themselves, it is not surprising that women tend to bring their domestic 
lives into work with them. Thus, the stereotyped roles of women as wives 
and mothers is perpetuated. In a business world which is totally devoid 
of meaning, a sense of purpose and meaning is created in the culture which 
women create for themselves, and which in eflect reinl(xces their subordinate 
position. The image of the secretary filing her nails all day is, despite the 
sexist assumptions on which it is based, often not that far from reality. 

The woman who recognises (cynically) that she's not paid to think but 
to type, may consider that if no one has given her any work to do she 
has a valid excuse for engaging in more interesting pursuits, such as 
talking with her workmates. The benevolent, almost patronising turning 
of a blind eye to women 'gossiping' is part of management's control. 
If the women aren't busy, it is a reflection on their own inef1iciency 
and incompetence, so they can either think up some new irrelevant 
task to fill their time, which would probably meet with protests, or 
just let them get on with it. The following is a useful illustration of 
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How the refrigerator got its hum 

Failed machines 

If the landscape of American social history is cluttered with the remains 
of failed communes and cooperatives, the landscape of American technical 
history is littered with the remains of abandoned machines. These arc not 
the junked cars and used refrigerators that people leave along roadsides 
and in garbage dumps, but the rusting hulks of aborted ideas: patents that 
were never exploited (the patent record contains literally millions of them); 
test models that could not be manufactured at affordable prices; machines 
that had considerable potential but that were, for one reason or another, 
actively suppressed by the companies that had the license to manufacture 
them; devices that were put on the market but that never sold well and 
were soon abandoned. The publications of the Patent Office and the 'new 
patents' columns in technical magazines reveal that the ratio of ·failed' 
machines to successful ones is high, although no scholar has yet devised 
a formula by which it can actually be dt"termincd. Some nostalgia buffs 
have even become collectors of these 'rusting hulks,' filling scrapbooks with 
advertisements for bizarre devices and selling extant versions of them to 
one another at flea markets and antique shows. 

The women's magazines of the nineteenth and twentieth centuries arc 
filled with such aborted ideas: an icc-making machine driven by a small 
water wheel; a rocking chair that simultaneously propels a butter churn 
and a cradle; individual household incinerators; central vacuum-cleaning 
systems; sanitary toilets that do not use water; fireless cookers. There was 
a vast array of devices, some ludicrous but many, at least on the surface, 
very sensible. What resident of a drought-prone area today would not be 
grateful for a toilet that does not usc water? How many energy-conscious 
housewives would be unwilling to try out a fireless cooker? In what city 
and town, plagued by erratic and expensive garbage pickup. would a 
householder not be pleased to be the first on the block to own a household 
incinerator? Why are these items either no longer on the market or not 
there at prices that most households can afford? Why do we have popcorn 
makers and electric can openers but not gas refrigerators or inexpensive 
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central vacuum If vve can put a man on the moon, why have 
we been unable to pipe our garbage disposals into our compost heaps? 

The answers to these questions arc not simple: they involve economic 
decisions made by complex social institutions operating over long periods. 
In order to find out why a particular patent was not exploited, one must 
discover something about the Patent Office, something about the inventor, 
and something about potential consumers; in order to find out why a 
particular test model was never manufactured, one must learn about the 
technical problems involved, the decision-making procedures within the 
company that developed tht· test 111odel, the state of the general economy, 
the availability of resources, and so forth. Yet if Ofll' wants to learn why 
our houses and our kitchens arc constructed in certain wavs but not in 
others- that is. why household work is shaped by certain co;Jstraints and 
not by others- then an exploration of the forces that caUSl' some machines 
to 'fail' and others to 'succeed' mav well be in order. One such case, which 
I shall here consider as an example oLt!l the others, was the rivalry between 
the gas refrigerator (the machine that bikd) and the electric refrigerator 
(the one that succeeded). 

The rtfrz:l!,crator: ga 1 NTJil.l f'!ectric 

All mechanical refrigerators create lo\v temperatures bv controlling the 
vaporization and the condensation of a liquid, called a ·refrigerant'; when 
liquids vaporize thev absorb heat and when thcv condense they release it, 
so that a liquid can remove heat from one place (the ·box' in a refrigerator) 
and transport it to another (in this instance, vour kitchen). Virtually every 
refrigerator on the market in the Unitl'cl States tndav controls the 
condensation and the vaporization of its refrigerant by a special electric 
pump known as a 'compressor.' c:ompression is not, however, the only 
technique by which these two processes can lw controlled. The simplest 
of the other techniques is 'absorption.' The gas refrigerator is an absorption 
refrigerator. Inside its walls, a refrigerant (ammonia, usuallv) is heated 
by a gas flame so as to vaporize; the ammonia gas then (or is 
absorbed into) a liquid (water, usuallv), and as it dissolves it simultaneously 
cools and condenses. The absorption of ammonia in water autornaticaEy 
alters the pressure in the closed system and thus keeps the refrigerant 
tlowing, hence making it possible f(n· heat to he absorbed in one place and 
released in another, just as it would be if the f1ow of the refrigerant were 
regulated by a compressor. The absorption refrigerator, consequently, does 
not require a motor- the crucial difference between the gas refrigerator 
and its electric cousin. Indeed, with the exception of either a timing device 
or a thermal switch (which turns the gas flame on and off so as to regulate 
the cycles of refrigeration), the gas rcfrigcra tor need have no moving parts 
at all, hence no parts that arc likclv to break or to make noise. 
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The basic designs for both compression and absorption machinery were 
perfected during the nineteenth century. 1 The phenomenon of latent 
heat (the heat absorbed when a liquid changes to a gas and released when 
the process is reversed) was discovered late in the eighteenth century and 
explored in great detail in the nineteenth because of its importance both 
in the new science of thermodynamics and in the new technologies of the 
steam engine. In those same decades, the need for mechanical refrigeration 
was growing as cities began to expand, both in Europe and in the United 
States, and ever larger quantities of food had to be preserved for longer 
periods of time as people continued to move farther from the places where 
it was grown. Between 1830 and 1880, dozens upon dozens of mechanical 
refrigerating machines were patented- machines that would make ice as 
well as machines that would cool large compartments without making ice. 
By the end of that period, the fundamental designs for large-scale 
compression and absorption installations had been perfected, largely through 
inventive and commercial trial and error. As a result of all this activity, 
manufactured ice became available throughout the southeastern United 
States by 1890 and throughout the northeast (where natural ice was more 
readily available through much of the year) by 1910. By 1890, nearly every 
brewery in the United States had purchased a refrigerating machine to 
remove the heat generated during the fermentation of beer and to cool the 
finished product while it aged and awaited transportation. Before the 
nineteenth century had turned into the twentieth, meat packers were using 
mechanical refrigeration in the handling and processing of meat, cold-
storage warehouses had begun to appear in cities, icemen were carrying 
manufactured ice through the streets, and refrigerated transport (which 
utilized manufactured ice in railroad cars and refrigerating machines on 
ocean-going vessels) was becoming increasingly common and less expensive. 

Operating a commercial refrigerator was an ambitious undertaking. Few 
machines weighed less than five tons, and a substantial number of them 
weighed from one hundred to two hundred tons. All the compression, and 
some of the absorption, machines required a source of mechanical power; 
and, as the electric motor was not yet perfected, this source was most 
commonly a steam engine (although hot-air engines and water turbines 
were occasionally used), which itself might weigh several dozen tons. As 
automatic controls were primitive, the machine was tended night and day 
by skilled operators, and each machine required a staff of even more skilled 
people to perform normal maintenance activities. Designing these machines 
was no simple task, since each one was built to unique specifications. By 
the turn of the century, a new profession had emerged: the refrigeration 
engineer- a person who could design and maintain refrigeration equipment. 
The American Society of Refrigerating Engineers was formed in 1904; and 
the Refrigerating Machinery Association, which represented the interests 
of manufacturers, one year earlier, in 1903. 

None of this activity affected American households directly, even as late 
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as 1920. Indirectly, many Americans benefited from lower prices for ice 
and greater availability of fresh meat, poultry, dairy products, and eggs 
during the first two decades of the century, but mechanical refrigeration 
was not yet possible in the household itself. The technical obstacles to 
developing a domestic mechanical refrigerator were substantial: such a 
refrigerator would have to be small and light enough to fit somewhere in 
a household, automatic enough not to require constant supervision, reliable 
enough not to require constant servicing; and it would have to have a power 
source that could be operated by a totally unskilled worker. Ultimately, 
it would also have to be designed so that it could be mass-produced, and 
it would have to be safe: many of the refrigerants then in common use 
were either toxic or f1ammablc, and 'ice-house' accidents were regularly 
highlighted in the newspapers. That a potential market existed was clear, 
for the usc of icc and iceboxes in American households expanded drastically 
after 1880. In Philadelphia, Baltimore, and Chicago, over five times as 
much ice was consumed in 1914 as in 1880; and in New Orleans, the 
increase was thirtcenfold; the dollar value of iceboxes manufactured in the 
United States more than doubled between 1909 and 1919. 2 In the early 
years ( 1910-20), neophyte manufacturers of domestic refrigerators had no 
difficulty finding investors willing to lend them money and large coporations 
willing to buy them out. Just before and after the First World War, the 
problems involved in initiating domestic refrigeration were technical, not 
financial or social, and appear to have been about as great for the absorption 
machine as for the compression one. Indeed, since, until about 1925, gas 
service was more widespread than electric service, one might guess that 
the absorption machine would have had the competitive edge. 

The electric compression machine 
The first domestic refrigerator actually to go into large-scale production, 
however, was a compression machine. The honor of being first seems to 
belong to A. H. Goss, then an executive of the General Motors Company; 
to E. J. Copeland, a purchasing agent for General Motors; and to Nathaniel 
B. Wales, a Harvard graduate who was an independent inventor. 3* On 

*In matters technological. the question of who was 'first' is difficult to resolve, initially 
because one must be careful to spccifv 'first at doing what,· and then because available 
accounts, embedded as they are in the historv of t·xtremely private enterprises. arc 
frequently vague, often in conflict. and most commonly nonexistent. l'v1ost authorities 
say that the Kelvinator was the first successful domestic refrigerator, but they may do 
so only because, at some point. the Keh·inator Corporation donated one of its 'first" 
models to the Smithsonian A reporter f(H· Air C:orzditwning and Rr:frzgerativrz l\'ews (then. 
Air Conditioner, Heating and Refri[J,tralwn .\'m.'\) asserted that the Isko Company (which was 
started 'by Fred \Volf with the backing of. Detroit capitalists') went into business 
in 1912. and that the Guardian Frignator Company (which later became Frigidaire) 
was started in 1916. but provided no date f(JI· the commctHTllH'nt of manufacturing in 
either case.·1 Lacking more complete inf(>rmation. Kch·inator remains 'first.· 
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14 September 1914, Goss and Copeland contracted with Wales to do the 
development work on a domestic refrigeration machine. After creating 
several test models, Wales settled on a compression machine using sulfur 
dioxide as a refrigerant; he had originally worked on an absorption machine, 
but- for reasons that are unclear- those plans were dropped. On 13 May 
1916, this enterprise was incorporated as Goss & Copeland Electro-
Automatic Refrigerator Company; but a few months later, the name was 
changed to 'Kelvinator.' At this juncture, Wales left the enterprise. In 1917, 
Copeland developed a satisfactory automatic control device and a solution 
to the problem of gas leakage (sulfur dioxide is toxic); and in February 
1918, the first Kelvinator refrigerators were sold. 

The path that Goss and Copeland pioneered quickly became a beaten 
track. By 1923, when the officers of the General Electric Company decided 
to do a thorough study of the domestic refrigeration business, the mechanical 
engineer to whom they entrusted the job, A. R. Stevenson, was able to 
identify fifty-six companies that were already involved in the business. 5 
Some of these, such as Kelvinator and its rival, Frigidaire (which had been 
founded in 1916 and purchased by General Motors in 1919), were heavily 
capitalized and had already produced several thousand refrigerators. Other 
companies had just entered the field and had only test models and/or 
faltering finances. In those early years, compression refrigerators dominated 
the field; and out of the fifty-six companies, only eight were yet either well 
financed or well on their way to large-scale production. 

Yet, in 1923, even the compression domestic machine was still in its 
developmental stage: the machines on the market did not inspire every 
middling householder to reach immediately for a checkbook. They were, 
to start with, expensive: the price had fallen from its original peak; but 
in 1923, the cheapest still ran to $450- not an inconsiderable sum at a time 
when most people earned less than $2,000 a year. Furthermore, refrigerators 
were difficult to run. Electric utilities estimated that, once every three 
months, they serviced the machines that they had sold: the tubes leaked; 
the compressors malfunctioned; the thermostats broke; and so did 
the motors. 6 All these early machines were, in addition, 'separated' 
machines - and water-cooled ones at that. The refrigerating machinery was 
sold separately from the refrigerating compartment, which might well have 
been simply the icebox that a family had previously used; the machinery 
could be set up in the basement, say, and the icebox put in the kitchen. 
The compressor had additional work to do, since the refrigerant had to 
be moved a considerable distance, but it must have been a relief to 
householders to have the noise, the oil, and the serviceman in some remote 
part of the house. Water cooling (the standard technique in large commercial 
installations) was not convenient in the home. The water pipes froze in 
some locales in the winter time (turning a refrigerator back into an icebox); 
or the water frequently leaked into parts of the machinery where excess 
humidity created excess problems. F. C. Pratt, a vice president ofG.E. in 
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1923, forwarded Stt'\Tnson's report to (;nard Swope, president of the 
company, with the loll()\\11\g warning: 

Thne ll'.lds thmugh \!1 '-;t,·\''""'",' t<'j><>rt tlw intportant bet that all 
existing practice< arrics" Jll<llT tlt.1n n<>rnLt! ha/;trd oflwmg revolutionized 
ll\ in\l'llll<>ll.> <>f;, htll(Lttll<'ItLd < So tlLtnv ;wtin· minds throughout 
the countn dll' !wing dire< ted to tlw solution of these problems that it would 
be pnhaps surprising if sonH' su< h in\<'lltions <ltd not matnializc. The 
business is d rapidlv 1'\·oh ing <>Jll'. m;tking n·;t! strides front the dt'\Tlopmcntal 
to the Cll!lll!HTCi;d SLll;l'.; 

Pratt was right, as it tunwd out. In tlw dccadt· between 1923 and 1933, 
inventions that would prol(nl!ldh- altcr the design of domestic refrigerators 
did, in fact, materialize: and, again as he predicted, they materialized in 
more than one quarter. In Swcdt·n, f( lr exam pic, two young engineering 
students, Carl G. \Iuntcrs and Baltzar \·on Platen, figcrrcd out how to design 
an absorption rcfrignator that would run continuously and thus would 
nut require cxpcnsin· ;mtom<ttic controls: thi;; machine (the Electrolux-
Servcl) \H'l1l on the market in 1 Engineers at Keh·inator and, later, 
at General Electric discovncd tt·chniqu('S f(Jr dispensing with water as a 
cooling agent. In Cennal Electric bcclllH' the first manufacturer 
tomake a lwrrncticalh· sc;d('(llllotor and to sell the box as an integral part 
of its refrigerating m;tchirwrv. \Vithin a vear, other manufacturers followed 
suit and also lwt;an rnass product ron of refrigerator boxes made from steel 
rather than from wood. In 1 q:Hl, chemists at Genna! Motors (which still 
owned Frigidaire) developed :1 series of artificial refrigerants (the Freons) 
that were ncithn toxic nor llamrnahk: and in Frl2, engineers at Serve! 
designed an air-cooled absorption machirH'. lh the middle years of the 
Depression, most of the funtbmental innm·ations in domestic refrigeration 
design (with the exception of ;nrtomatic defrosting, which came later) had 
been madc.H 

These innovations did not occur out oft Ire blue. Thcv were the end result 
of deliberate assignments given to a large numlwr or'highly trained (and 
highly paid) people, and of the cquallv dclibnate expenditure of large sums 
of money not only to develop these ideas hut to equip assembly lines that 
could realize them in production. The swkcs were thought to be very high. 
The potential market f(Jr domestic refrigeration was enormous: by 1923, 
it was clear that t'\Trv household in the United States was going to be 
equipped with citlrn gas or electric sen·icc (and probably both in many 
places); and, thus, that if the price could lw brought low enough, every 
household would lwconw a potential customn !()!' a refrigerator.<) The 
potential re\Tnucs l(n tlw gas and electric utility companies would be even 
more enormous, srncc, unlikt· othn household appliances, the refrigerator 
operates twentv-four hours a <Lt\·. Thus, it is hardly surprising that 
the monev and the time rH·ccssarv to achieve these innovations was 
available_.: especiallv during the <'cor;omicall v free-wheeling 1920s. Yet, to 
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say that the stakes were high is also to say that the risks were 
great. Some manufacturers were going to succeed, and others were 
going to fail- and one of the failures would turn out to . be the 
only manufacturer in a competitive position to keep the gas refngerator 
on the market. 

One of the manufacturers that succeeded, and whose success helped carry 
the compression refrigerator to dominance, was General Electric. By the 
1920s, General Electric was an enormous corporation with vast resources 
and had its finger in almost every aspect of the electrical industry in the 
United States, from the design oflarge generating plants to the manufacture 
of light bulbs. 10 The refrigerator that General Electric introduced to the 
public in 1925 (called the 'Monitor Top' because were 
located in a circular box that sat on top of the refngeratmg cabmet Itself) 
was the product of almost fifteen years of developmental work on the part 
ofGeneral Electric employees. In 1911, G.E. had agreed to manufacture 
a commercial refrigerator for the Audiffren Company, which held the 
American rights to a patent owned by a French monk, the Abbe Audiffren. 
Sometime during 1917, engineers at the Fort Wayne, Indiana, plant (where 
the Audiffren was manufactured) began to build test models of a modified 
Audiffren design, suitable for use in the household. Immediately after the 
First World War, G.E. found itself in poor financial condition; in 1922, the 
company was reorganized, and Gerard Swope was brought in as president. 
Swope believed that General Electric was going to have to enter the 
consumer electric market and, to this end, instructed A. R. Stevenson, 
who was then head of the engineering laboratories in the company's main 
headquarters in Schenectady, to review the current state of the refrigerator 
business.Il 

Stevenson's report, a model of engineering and econometric skill, provides 
glimpses of the factors that influenced decision makers at The.report 
contained everything from engineering tests on competmg machmes to 
projections of the potential market for refrigerators sold at various prices. 
Stevenson had been asked to recommend a course of action to the managers 
of the company, and he did so without equivocating. Was it worth entering 
the domestic refrigeration business at all? Certainly Yes, concluded 
Stevenson. If it did, should G.E. purchase one of the many small companies 
already in the field (No) or make cross-licensing arrangements (our 
motors for your compressors) with one of the larger companies (No). Should 
G.E. take advantage of the development work that had already been 
done at Fort Wayne and try to work with an Audiffren type of apparatus 
(Yes). Was it worth spending the time and money that would be required 
to switch from water to air cooling? Absolutely, said Stevenson, not 
just because water cooling was a problem for owners,, also 
because General Electric had to worry about the mterests of Its most 
important customers- not the home owners but the electric utility 
companies: 
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the electric power bill of the air cooled machine would he about $1.:Hlmorc 
in six months than the water cooled machine .... Since the Electric 
Company is entering this licld f(>r the benefit of the central station [the utili tv 
company that is gcnnating electriC! tV] it would seem wise to exploit a 
machine in which the totaliT\TntH' would ;tccrue to the central station rather 
than partlv to the water works. 12 

Stn-cnson understood that Cennal Electric would be assuming a 
considerable risk if it entered the refrigerator business: but he believed the 
risk to be worth taking f()r a number of reasons: he believed that there 
was a good chance that G.E. would be first, that company had the 
resources to sustain the initial losses, that after this Initial penod the profits 
would be great, and finally that adoption ir,lcrcase 
the revenue of the central stations, thus mdirectly bencfitmg the CTencral 
Electric Company.' 1 ' G.E. stood to gain, both corning and going, from 
developing a successful refrigerator. . . , 

The managers ofC.E. must have agreed with Stevenson. Dunng 1924, 
a group of engineers worked on developing an air-cooled rm:ckl ot the 
original Fort Wayne design. In the fall of 1 lJ25, lmnted production began, 

the 'l'v1onitor Top' was introduced to C.E.'s sales f{Jrce and to the 
electric utility companies. During 1926, construction of an assembly !me 
began (at a total cost of eighteen million dollar,), and the dcsrgn was 
mc\dified again to allow f(Jr mass product ion. In 192 7, a new 
of the company was created to promote and market the wrthm 
months of its establishment, the first mass-produced Mom tor 1 ops had 
found their wav into kitchens across the land. By 1929, fifty thousand 
Monitor Tops (lad been sold- a figure that may ha\'C been as su:prising 
to the top management of General Electric (the· had antiCipated 
sales of seven thousand to ten thousand per year) as It was to everyone 
else .I 4 

General Electric stimulated sales of its refrigerators by means of outlandish 
advertising and public relations techniques. Franchised 
appointed in the major cities across the country and exclusrvc nghts 
to sell and service their territories. Rex Cole, m New York, was famous 
for constructing a neon sign that could be read three miles away, and for 
staging promotional parades . .Judson Burns of had his m:vv 
store designed in the shape of a Monitor Top. When G.t,. mtroduced Its 
first all-steel cabinets in 1929, a nmTI 'Pirate's Chest' sales campaign was 
broached: 

For scmrc time prn·ious to !\larch 22 mysterious looking old iron-bound boxes 
closely resembling pirates' treasure chcsts had becn on displav in the windows 
of General Electric rcfrignator de;tlns. with a sign saying that thev would 
be opened on !\larch 22. The night bcfore, Ltrg(' door keys \\TIT hungon 
door knobs in the residential sections with an im·itation to attend the openmg 
the following morning. 
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The event had been advertised in newspapers and through direct-by-mail 
literature. Many distributors and dealers arranged parties for the opening. 
A greater number provided radio programs .... In some cities the mayor 
was invited to open the box. In various stores, pirates swashbuckled inside 
and outside the sales rooms, and rode on floats with jazz bands. 

Promptly at 11 o'clock that morning, in the presence of crowds of 
onlookers, numbering from 200 to 800 each, the chests were unlocked and 
disclosed the new All-Steel G. E. Refrigerator. 15 

Special exhibition railroad cars toured the country, displaying refrigerators. 
Animated puppets danced in dealers' windows: 

The June ANIMA TED Window Display dramatized the shortest 'short 
story' ever produced ... and the action takes place in a realistic stage setting 
in the interior of the G-E refrigerator. 

Prologue: A BRIDE IN JUNE. Stage set consists of an illuminated 
cathedral interior during a wedding ceremony. 

Act I: A SERVANT IN SEPTEMBER. A revolving stage discloses a 
second illuminated set consisting of a wearied housewife in an old-fashioned 
kitchen without electrical conveniences. 

Act II: FREEDOM IN AG-E KITCHEN: The revolving stage shows 
a third set consisting of a glorified G-E Kitchen and the symbolical 'Freedom' 
figure [a vaguely-Grecian female with arms extended in a gesture of leaping 
joyousness] . 16 

The millionth Monitor Top was presented to Henry Ford in a special 
radio broadcast in 1931, and another one was sent on a submarine voyage 
to the North Pole with Robert Ripley (the originator of' Believe It or Not') 
in 1928. The most expensive media device of all was undertaken in 1935- a 
film that told 'an interesting story in which comedy and romance are 
skillfully blended, all of which pivots on and revolves about the complete 
electric kitchen.' An anonymous publicist waxed ecstatic: 

It is of no avail to attempt to describe this picture, 'Three Women.' We 
can tell you that it is the most pretentious [sic], the most beautiful, the most 
effective commercial story ever told on the talking screen; that it is the first 
commercial Technicolor film ever made; that for gorgeous color and amazing 
realism it is on a par with outstanding examples of cinema artistry. !7 

The film ran for close to an hour and starred such Hollywood notables 
as Sheila Mannors and Hedda Hopper, Bert Roach and Johnny Mack 
Brown. 

General Electric was not alone, either in these outlandish promotional 
schemes or in its effort to develop a successful compression refrigerator; 
the other major refrigerator manufacturers, just as anxious to attract 
consumer attention (especially during the straitened Depression years), were 
just as willing to spend money on advertising and promotion. The electric 
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utility companies, which were then in a most cxpamive and profitable phase 
of their history, cooperated in selling both refrigerators and the idea of 
mechanical refrigeration to their customers. By 1940 the market for 
household refrigerators was dominated by the four of 
compression machines which had at their disposal the financial resources 
of enormous corporations: Genna! Electric: \'Vcstinghousc, which began 
to manufacture refrigerators in 1930; Keh·inator, which was then owned 
by American Motors; and Frigidaire, which still belonged to General 
t-.1otors. 18 Cross-licensing and mass-production techniques had made it 
possible for the manufacturers to !own their prices; installment plans and 
occasional price wars had made it possible for n-cr larger numbers of people 
to purchase refrigerators. Despite the Depression, and despite the still 
relatively high cost of refrigerators (when compared with other household 
appliances), roughly 45 percent of American homes were taking advantage 
of mechanical refrigeration bv the time vve entered the Second World 
War. 19 

The gas absorption mathine 
The manufacturers of gas absorption refrigerators \\!('n' not idle during 
these years, but they lacked the large sums of money, the armies of skilled 
personnel, the competitive pressure, and the aggressive assistance of utility 
companies that the compression rnanubcturers had been able to command. 
When Stevenson surveyed the refrigeration business in 1923, he located 
eight prospective manubcturers of absorption rcfrigcrators2° In the next 
several years, several of these went out of business- hardly surprising, since 
they had had little or no paid-in capital with which to work; the Common 
Sense Company, for example, was working with thirty thousand dollars 
in the same year in which Kcivinator had one million dollars. 21 

There seems to have been little question among knowledgeable people 
that the absorption refrigerator had the potential to be a superb machine 
for household use; and adjectives such as 'ingenious' and 'clever' were 
frequently appended to descriptions of gas refrigerators in the technical 
literature. 'Thousands of people have examined this machine, among them 
a large number of engineers; in fact, generally speaking, the more technical 
a person is, the greater is the appeal made by the machine,' wrote one 
commentator. 22 From the consumer's point of view, these refrigerators' 
chief advantages were that they were virtually silent (refrigerators with 
compressors once made a lot more noise than they do now- and they still 
hum noticeably); that, having few movmg parts, they were potentially easy 
to maintain; and that operating costs could be kept low, especially 
in locales where gas was cheaper than electricity. Stevenson's report on 
the Common Sense machine noted, for exampk: 

The salesman at the People's Gas Company in Chicago claims that they 
have sold about fifty of these machines. Some of them have been in service 
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for two years, and he claims that they have no trouble or service calls. 
Mr. Robertson of ... [G.E.'s] Chicago office, says that this ice machine 
is different from any other that he has seen, in that it has no rotating parts, 
and the machine appears to be very simple to maintain. 23 

Yet the absorption machine, like the compression machine, was going to 
require expensive development and promotion before it could be made 
commercially successful; all the absorption machines that Stevenson located 
were water-cooled, and there was a public prejudice against the use of 
ammonia as a refrigerant. It remained to be seen whether anyone was going 
to undertake the developmental work, which would be both time consuming 
and expensive. 

By 1926, when the American Gas Association met in Atlantic City for 
its annual convention, only three manufacturers of gas refrigerators 
remained in the field; and of these three, only one- Serve!- would succeed 
in reaching the stage of mass production.24 In the early 1920s, Serve! 
(whose name stood for 'servant electricity') had been funded by a group 
of electric utility holding companies to manufacture and market compression 
refrigerators. But in 1925, it had purchased the American rights to the 
Swedish patents on the continuous absorption refrigerator, and had 
reorganized (with the injection of five million dollars from the financial 
interests that controlled the Consolidated Gas Company of New York) to 
devote itself principally to gas refrigeration. 25 Since it had a manufacturing 
plant already in existence when it purchased these new patents, it was able 
to commence production quickly; the Serve! gas refrigerator went on the 
market in 1926 to the accompaniment of a good deal of publicity. 

The other two manufacturers failed within a few years: they could neither 
compete with Serve! nor sell the machines on which they held patents to 
any of the large corporations that might have had the resources to compete. 
The trials and tribulations of these small businesses are exemplified in the 
story of the SORCO refrigerator, which was one of the other two on display 
in Atlantic City in 1926. 26 SORCO was the creation of Stuart Otto, an 
engineer who had patented an absorption refrigerator in 1923. He owned 
a factory in Scranton, Pennsylvania, that produced dress forms for 
seamstresses, and persuaded twenty of the leading businessmen of Scranton 
to put up five thousand dollars apiece so that he could develop his machine 
and modify his factory to produce it. These early SORCO refrigerators 
were advertised in gas-industry periodicals ('Build Up Your Summer 
Load- and fill your daily valleys: Gas controlled entirely by time-switch 
to be set by your service man') and were sold to gas utility companies. 27 

The results of the tests being more or less positive, Otto decided in the 
fall of 1926 that the time had come to attempt large-scale production: 

I was not able to raise the money from my stockholders when I informed 
them that $1,000,000 or more would be required. My only alternative was 
to buy out my stockholders. So I made an option agreement with them to 
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pay them f(x their stock within a vTar. I then went about the country offering 
manufi1cturing companies non-cxclusi\'t· lict·nscs I(Jr the manufacture of mv 
machines under our patents. of which some fifteen existed. 

I licensed Pat he Radio & Phonograph Co., Brooklyn, N.Y .. Crocker 
Chair Company, Sheboygan. \Visconsin, Plyniouth Radio & Phonograph 
Co., Plymouth, VVisconsin. 

Each of these companies paid llll' a cash down pannent on signing of 
$25,000 and agreed tu a guaranteed minimum of $35.000 per year royalty 
on a 5% of net salt·s, I(Jr 17 vTars. eli 

Otto had tried to interest General Elect ric and General tvlotors in his 
refrigerator. General Electric was, however, just about to bring out its own 
refrigerator; and General t\1otors had just purchased the patent rights on 
an English machine that utilized a solid rather than a liquid solvent.* Otto 
was trying to enter the national market with ludicrously small sums of 
money; the days in which David had anv reasonable chance of succeeding 
against Goliath had long since passed. \Vithin a few years, Otto was forced 
to acknowledge failure: 'Unfortunately ... we were not financially able 
to carry the loads. After two years I managed to collect only a small portion 
of the accrued royal ties.' "'1 

Thus, Scrvcl was essentially alone: from 1927 untill956, (when it ceased 
production of refrigerators), it vvas the only major manufacturer of gas-
absorption refrigerators in the United States. NnTr as highly capitalized 
as its competitors in the field of compression machinery (G. E., after all, 
had invested eighteen million dollarsjust in its pruduction facilities in 1927, 
when Sen-el's entire assets amounted to not more than twelve million 
dollars), Scrvcl had entered the market somewhat later than the other 
manufacturers and was never able to compete cllcctivdy. The gas utilities, 
notoriously conservative companies, were defending themselves against the 
encroachments of electricity and were not helpful; they complained that 
Scrvcl was badly managed, that its refrigerators were mon· expensive than 
comparable electric rn;{chines, and that the lack of another manufacturer 
meant a lack of models with which to interest prospective customers.lll 
Scrvcl did not succeed in bringing out an air-cooled refrigerator until19:n, 
six or seven years after the clectrics had done so; and by then the race was 
virtually lost. For all its virtues as a machine, the Sen·cl, even in its peak 
years, never commanded more than 8 percent to 10 percent of the total 
market fi1r mechanical refrigerators.:\! 

The demise of the gas r('frigcratnr was not the result of inherent 
deficiencies in the machine itself. The machint· was not perfect when it 
was first brought on the market, but it was no less perfect than the 
compression machine, its rival. The latter succeeded for reasons that were 

*This rdrig!'rator. the Faraday, was marketed. on a limited basis, hv C.:VI. in the rnid-19:Hls: 
but, as it was watn-coolcd and \'l'l'\' t'XJH'llsi\T, C.\1 soon dropped it 
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as much social and economic as technical; its development was encouraged 
by a few companies that could draw upon vast technical and financial 
resources. With the exception of Serve!, none of the absorption 
manufacturers was ever able to finance the same level of development or 
promotion; and Serve! never approached the capabilities of General Motors, 
General Electric, or Westinghouse. The compression refrigerator 
manufacturers came on the market earlier and innovated earlier, making 
it doubly difficult for competing devices to succeed. The fact that the electric 
utilities were in a period of growth and great profitability between 1920 
and 1950, while the gas manufacturers and utility companies were defensive, 
conservative, and financially weak, cannot have helped matters either. If 
Stuart Otto had been able to obtain either capital or encouragement from 
the gas utilities, if Serve! had been managed well enough to have innovated 
earlier, if either one of them had been able to command a chemical 
laboratory capable of discovering a new refrigerant, if there had been a 
sufficient number of gas-refrigerator manufacturers to have staged price 
wars, or license innovations to each other, or develop cooperative 
promotional schemes along with the gas-utility companies- well then, the 
vast majority of Americans might have absolutely silent and virtually 
indefatigable refrigerators in their kitchens. The machine that was 'best' 
from the point of view of the producer was not necessarily 'best' from the 
point of view of the consumer. 

The profit motive and the alternative machine 

The case of the gas refrigerator appears, in many particulars, to be 
structurally similar to the cases of many other aborted or abandoned devices 
intended for the household. There were, at one time, dozens of different 
kinds of washing machine: contraptions that simulated the action of a 
washboard; tubs with sieves that rotated inside fixed tubs filled with soapy 
water; tubs that rocked back and forth on a horizontal axis; motor-driven 
plungers that pounded the clothing inside a tub. All these washing machines 
yielded, during the 1920s and 1930s, to the agitator within the vertically 
rotated drum, because of the aggressive business practices of the Maytag 
Company which owned the rights to that design. 32 The central vacuum 
cleaner, which technical experts preferred, quickly lost ground to its noisier 
and more cumbersome portable competitor, in part because of the marketing 
techniques pioneered by door-to-door and store-demonstration salesmen 
employed by such firms as Hoover and Apex. :n 

Furthermore, many of the companies that pioneered successful household 
appliances had already developed a sound financial base manufacturing 
something else. Fedders, for example, made radiators for cars and airplanes 
before it made air conditioners; Regina made music boxes before it made 
vacuum cleaners; Maytag made farm implements; Sunbeam made scissors 
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and clippers for shearing sheep; Hoover made leather goods.:H 
Alternatively, small companies with innovative ideas rarely succeeded unless 
they were purchased by, or made cooperative agreements with, much larger 
companies that had greater financial fkxibilitv and the resources necessary 
to broach the national consumer market. Hotpoint belonged to General 
Electric, as did Edison Electric. Birdscve became part of General Foods; 
Norge, of Borg-Warner; Kclvinator, of American Motors. Bendix Home 
Appliances was a subsidiary of the Bendix Corporation, manufacturers of 
airplane parts. A larger corporation frequcntlv purchased smaller ones or 
introduced new products when one (or several) of their old lines were failing. 
William C. Durant, of General I\Iotors, for example, purchased Frigidaire 
because he wanted his salesmen to have something to sell when automobiles 
went off the consumer market during the First \.Yorld \'Var. Landers, Frary 
& Clark began to sell small appliances (under tht· name 'Universal') when 
their cutlery trade fell off \.Yestinghousc went into refrigerators as a cushion 
against the Depression. !Ylaytag started making washing machines because 
of seasonal slacks in sales of farm machinery.''' 

By itself, the gas refrigerator would not have profoundly altered the 
dominant patterns of household work in the United States; but a reliable 
refrigerator, corn bined with a central \ acu u m-clean ing system, a household 
incinerator, a fireless cooker, a waterless toilet (otherwise known as an 'earth 
closet'), and individually owned fcnilizcr-m;uJufacturing plants (otherwise 
known as 'garbage disposals that make com post') would certainly have gone 
a long way to altering patterns of household expenditure and of municipal 
services. We have compression, rather than absorption, refrigerators in the 
United States today not because one was tcchnicallv better than the other, 
and not even because consumers preferred one machine (in the abstract) 
over the other, but because Electric Ccneral l\1otors, Kelvinator, 
and Westinghouse were vcrv large vcrv powerful. \Try aggressive, and 
very resourceful companies, while Scrvcl and SORCO were not. Consumer 
'preference' can only be expressed f(Jr whatever is, in fact, available for 
purchase, and is always tempered hv the price and convenience of the goods 
that art' so available. At no time, in these tnms, were refrigerators that 
ran on gas really competitive with those that ran on electric current. 

In an economy such as ours in the United States, the first question that 
gets asked about a new device is not, \;\'ill it be good for the household- or 
even, \'Viii householders buy it:' hut, rathn, Can we manufacture it and 
sell it at a profit? Consumers do not get to choose among everything that 
they might like to have, but only among those things that manufacturers 
and financiers believe can be sold at a good profit. Profits are always the 
bottom line, and profits are partly compounded out of sales- but only partly. 
Profits arc also compounded out of hmv much staff time has to be spent, 
whether a marketing arrangement is already in place, how easily 
manufacturing facilities can be converted, hovv reliably an item can be mass-
produced- and similar considerations. Ccncral Electric became interested 
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in refrigerators because it was experiencing financial difficulties after the 
First World War and needed to develop a new and different line of goods. 
G.E. decided to manufacture compression, rather than absorption, 
refrigerators because it stood to make more profits from exploiting its own 
designs and its own expertise than someone else's. Once having gone into 
the market for com pression refrigerators, G. E. helped to improve that 
market, not just by its promotional efforts on its own behalf, but by the 
innovations that it could then sell to, or stimulate in, other manufacturers. 
And having done all that, G.E. helped to sound the death knell for the 
absorption machinery, since only a remarkable technical staff and a 
remarkable marketing staff, combined with an even more remarkable 
fluidity of capital, could have successfully competed with the likes of General 
Electric, Westinghouse, General Motors, and Kelvinator. 

Notes 

The account that follows is based upon Oscar Edward Anderson, Jr., Refrigeration in 
America: A History of a New Technology and its Impact (Princeton, N.J., 1953). 

2 These figures come from U.S. Census Bureau data as quoted in Anderson, Re/rigeration 
[ 1 ], pp. 114-115, 

3 See 'Arnold H. Goss Ends His Life,' Electric Refrigeration News 25 (26 October 1938): 
1, 2, 11. In addition to this article, my account of the origin of the Kel\'inator is based 
on Anderson, Refr(geration [ 1], p. 195; obituary of Nathaniel B. Wales, New York Times 
(18 November 1974); J. W. Beckman, 'Copeland Tells Story of Household Refrigeration 
De\'elopment' Air Conditioning, Heating and Refr(geration News 6 (6 July 1932): 9-11: and 
Giedion, Mechanization Takes Command (New York, 194-8), p. 602. 

4- Beckman, 'Copeland Tells Story' [ 3]. 
5 Ste\'enson's report, 'Domestic Refrigerating Machines,' can be found, in its original 

typewritten form, in the Technical Data Library, General Electric Company, 
Schenectady, N.Y., Data File 1120. The original report was dated 17 August 1923, but 
many appendices were added in the ensuing five years, making a document that runs 
to several hundred pages. I was given access to it originally and will quote from it (citing 
it as (DRM- GE) through the kindness of Dr. George \Vise, Corporate Research and 
Development, General Electric Company, Schenectady. The pagination in various 
sections of the report is not sequential. The complete list of companies and the report 
on their products is DRM- GE, vol. III. 

6 Electric Domestic Refrigeration, 1924, a report of the Electric Domestic Refrigeration 
Committee, National Electric Light Association (New York, 1924), p. 2, table 1. 

7 Letter, Francis C. Pratt to Gerard Swope, 17 August 1923, DRM- GE [5], p. 4. 
8 Anderson, Refrigeration [ 1], chap. 11; 'Electrolux In\'entors Recei\'e Franklin Award,' 

Gas Age 70 (2 July 1932); 'Industry Pioneer Number,' Air Conditioning, Hrating and 
Refr(geration News 19 (7 October 1936), passim. 

9 See Electric Domestic Refrigeration, 1924 [ 6], p. 2; and The Facts About Gas Refrzgeration Today, 
American Gas Association (New York, 1933). 

I 0 There is no scholarly history of General Electric; the best of the popular accounts is 
John Winthrop Hammond, Men and Volts, The Story of General Electric (Philadelphia, 1941 ), 
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the copyright on which was hl"id b, c;.E Sec abo I);!\ HI(;. Loth, Sii'II/H oj(; L (:'\Jew 
York, l'J'iBJ. On the history of(;. E.'s refrigerator. sec /)/{,\1 (;/,· ['l], Report :2. (;encral 
Sur\'ey. Historical Introduction, pp. 1 and Report 1, Summary and Conclusions, 
Audiffren. pp. JC), and appendices :21 and :Z:Z. 

11 See Loth, Su•oj!e [ 10 ], pp. II 1 H; and let tn from I' rat 1 to S\\opc. 17 August I 'J:Z:l, 
GI: [5]. 

1 :Z DRA! G/:' [ :> ], Report 1, Summary and Conclusions. Reasons f(>r Explmtation, p. :24-. 
l:l DR.i! Gf.· ['l], Report 1. Sumn1an· and (:onclmions, Reasons f(n·l·::-;ploitation. p. 17. 
1·1 'Outline History of ifH' (;ennal Electric Household Rclrignator, · (typescript, Public 

Relations Dept.(; E, Sclwncctacly, \i \' .. 1<170): 'C. I·. Ann<nmccs New Refrigerator,· 
G.E. ,\fonogram (Octohn l'l:ZS): :Z:Z, Ralph Rocdn. ·c;ctwr;d Electric Refrignators' 
(typc·"ript. Public Relations lkpt .. C. E .. Schc·ncct;Hh NY. IIcl.): ;111d T. K. C.!uinn, 
Girm/ Fin11111'11, '1/nm/ to /Jnnonw)', Fhr .·lutohtoglllj!hr of 1111 lnwln (:\c\\ York, I'JCl6), 
chap. H. (.2_uinn \Vas in charge of the rclrignator cli,·ision of(; E. during the late 19:20s 
and early 1 'J30s. 

l.'i 'Door of AII·Stel"i L.E. Refrigerator Slaniillt'd Shut :100.000 Times but Remains in 
Excellent Condition,' (:. L. ,\!orwgrmn (April I 'l:Z'l): :z:,. G. F .\!onogram, was an in-house 
magazine f(Jr c;. E. employees. 

16 'June Bride Animated Display .. On thr '/(JjJ 'l (.)nne I 'J:l:i ): 2:l. On thr '!ltp was a 
newsmagazine of G. E.'s Specialty Appliance I kpart mt·nt. 

17 Both quotations are from 'Three \\'omen a Smash Hit,. On tht lJ (,June I 'l35): 7. 
lB. For a summarv of the rc!i·ignators that wen· ;1\·ailabk in the late 1'J:l0s and tlH'ir relatin· 

ach·antagcs and disach·antagcs. st'<'John F. \\'ostrd and John(;_ l'ractz, Housdwld }"'lectrir 
Re/rzj;eration, Including Ga.\ Al!lorjJiion Sptnn' :'-Jew York. I'J:lB). For the relatin· market 
share of each manufacturer. sec Frank.Joseph Kottke, Flntrual '/i·,/mologr and tht Pub!tc 
lntanl (Washington,]) C .. llJH). pp. 

19 Sixtfl'nth Cenm.1 o/thr: {.'nitrd Stall'.\, 1-/ou.lmR. !9-1!!. \'ol II. Gmtrrzl C'hallltltri.llit.l, part I. 
United ,)'taft\ Summary (\\'ashington. D.C . I 'H:l), p. :2. 

20 DRM GE [ 5]. \'ol. III, apJwndices. 
21 Ibid., especially appendices on 'Common Semc· and 'Keh-inatm · 
2:2 H. K. Hull. l!owdw/d Rr/ngtralwn. :lrclccl. (Chicago, 1'127), p. 3:21. 
:n DR.\1 G/:' [ 5] . 'ol. II I. appendix on ·Common Sense.· 
:Z4 'Sur\'ey of Cas Refrigerators.· Ammmn G1n Joumal (:Z :\pril I 'l27). pp. 
2'i This and subsequent summaries of the earlv his ton· of Sen·cl arc based upon the tdlowing 

articles in the .\'cw l'orA Firnc.1. 11 August l'l:Z:·J (21i:4-): :22 lkn·1nbn 1')2:-i (2B:2); 2:l 
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l'J2CJ (4-B::i); as well as upon the entries for Scr\'l·l in .\loorlr ", .\lanual o/lrun/mm/.1 l(,r 
192fland l'l4-0. 

26 The discussion that fdlows is based upon material 111 the Stuart Otto l'apn' (hereafter 
cited as SOP). Department of :\lanmt ripts ;md l 'ni\Trsitv Archi\TS. ( :ornell l' nin·rsity 
(no. 2:lH9): espcciallv the typt·written documents. 'I louselwld Rcfrignation hv Gas.· 
26 .June 19:17 ;mel ':\kmorandum II' Cas Rcfrignation c:orpor;Ition,' l'l June 194-0. 

'27 Ach-crtiscrs proofcopv. C:r11-Agc Record [Hi l\Lt\ 1'l:!'l]. SO/' [:Zii] 
:ZB 'Household Refrigeration IJ\' Cas.' pp. SO/' [:.'6] 
:Z'l Ibid., p. 2 
:)0 Thejudgnwnts mack in this paragraph arc hasc·d tipon st;ttt·nwnts made b,· Stuart Otto 
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to various correspondents; see, for example, 'Report to United American Bosch Co., 
Spring, 1934,' typescript, SOP [26). The Facts About Gas Refrzgeration Today American 
Gas Association (New York, 1933), will give the reader some sense of the reluctance 
of gas utility companies to become actively involved in selling gas refrigerators. 

31 On estimates of the sales of Servcl, see H. B. Hull, Household Refrz/;nation, 4th ed. 
(Chicago, 1933); and Don Wright, 'Gray Sees Bright Future for Gas Refrigerator', Gas 
Age 34 (March 1958): 84; and 'When Everybody Loves a Competitor,' Business Week 
(25 November 1950), p. 72. 

32 On some of the different forms of washing machine, sec Giedion, J..fechanization Takr.1 
Command [3), pp .. 162-70; as well as Edna B. Snyder, A Study of Washing Machines, 
University of Nebraska, Agricultural Experiment Station Research Bulletin 56 (Lincoln, 
1931 ). On the tactics of the Maytag Corporation, sec U.S. Federal Trade Commission, 
'Kitchen Furnishings and Domestic Appliances,' vol. III of the Report on the HolLie 
Furnishings Industry (Washington, 1925); and 'U.S. Supreme Court Hears Patent Suit 
Arguments,' New York Times, 20 April 1939 (25:3). 

33 On the advantages of the central vacuum cleaner over the portable forms. see 
M.S. Cooley, Vacuum Cleamng Systems (New York, 1913), chap. I. On the sales techniques 
of the portable vacuum cleaner manufacturers, sec Frank G. Hoover, Fabulous Dustpan: 
The Story of the Hoover Company (New York, 1955): and Earl Lifshey, The Hou.mt•am Story 
A History of the American Housewares Industry (Chicago, 197:)), chap. 8. 

34 The information in this sentence is derived from promotional material distributed by 
each of the companies mentioned; I am grateful to Richard Grant for helping me acquire 
these materials. See also Lifshey, Housewares Story [33), passim. 

35 On Durant, see Mel Gustin, Wild Billy.· Wilzam C Durant, Founder nl General J1otors 
(Detroit, 1963), p. 187. On Landers, Frary and Clark, 'A History of Landers, Frarv 
& Clark' (typescript) in Dean S. Paden Collection (no. 281 ), Baker Library, Harvard 
University. On Westinghouse, see 'Westinghouse Electric,' Fortune(Fchruary 1938). p. 45. 
On Maytag, see .Jacob Swisher, 'The Evolution ofWashday,' lowa.Journal of Hzstory and 
Politics 38 ( 1940): 39. 
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A woman's place: Dolores Hayden 
on the 'grand domestic revolution' 

In the last half of the 19th century and the first quarter of this one. there 
existed in the United States a remarkable school of feminist thought which 
tied together architecture and economics in a cogent social theory. The 
most basic cause of women's inequality, they argued, was the economic 
exploitation of women's labour by men. \Nomen suffered from two of the 
fundamental characteristics of industrial capitalism: the physical separation 
of household space from public space and the economic separation of the 
domestic economy from the political economv. 

. These women- 'material feminists,' as they arc dubbed in Dolores 
Hayden's classic study of their ideas- demanded a grand domestic 
revolution.* They wanted wages for housevvork. They set up new kinds 
of neighbourhood organisation- such as housewives' cooperatives which 
would undertake housework f(Jr pavment. Most significant of all, they 
chivvied architects into exploring radical new types of building. They pushed 
architects and town planners into looking more intently at the effects of 
design on family life. 

The central object of their campaigning was the need to socialise domestic 
work. They wanted all household labour and child care to becorrc 
social labour. in home-like. nurturing neighbourhoods. They wanted 
neighbourhoods planned to provide laundrv facilities, dining and cooking 
services and extensive child care facilities. In her book. The Grand DomestiL' 
Revolution, Dolores Hayden records their belief 'that women must create 
feminist homes with socialised housework and child care before they could 
become truly equal members of society.' 

Two of the more influential women were Melusina Fay Peirce, and 
Charlotte Perkins Gilman. l\1clusina Fav Peirce laid out her proposals for 
cooperative housekeeping in 1868. She lovt·d Cambridge, Massachusetts 
and after six years of marriage to a Harvard lecturer she dt>scribed the 
'costly and unnatural sacrifice' of her wider talents to 'the dusty drudgery 
of house ordering.' Her idea was that 'groups of 12-50 women would 

*Thr (;rand f)orrzntic Rn•olution, subtitled .-1 11111orv of Fmzzm.1t Drszgrz1 for Amrricarz Home.1, 
,Vezghbourhoorl\ And Cztzn, In Dolon·s Havden is published bv the :\11'1' Press. 
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thesis that one is not born a woman, with all the consequences ofthat insight,
in the light ofMarxism and psychoanalysis, for understanding that any fmally
coherent subject is a fantasy, and that personal and collective identity is
precariously and constantly socially reconstituted (Coward, 1983, p. 265),
then the title of bell hooks's provocative book, echoing the great nineteenth-
century black feminist and abolitionist, Sojourner Truth, Ain't I a Woman
(1981 ), bristles with irony, as the identity of 'woman' is both claimed and
deconstructed simultaneously. Struggle over the agents, memories, and
terms of these reconstitutions is at the heart of feminist sex/gender politics.
The refusal to become or to remain a 'gendered' man or awoman, then, is

an eminently political insistence on emerging from the nightmare of the
all-too-real, imaginary narrative of sex and race. Finally and ironically, the
political and explanatory power of the 'social' category of gender depends
upon historicizing the categories of sex, flesh, body, biology, race, and nature
in such a way that the binary, universalizing opposition that spawned the
concept of the sex/gender system at a particular time and place in feminist
theory implodes into articulated, differentiated, accountable, located, and
consequential theories of embodiment, where nature is no longer imagined
and cnacted as resource to culture or sex to gender. Here is my location for a
utopian intersection of heterogeneous, multi-cultural, 'Western' (coloured,
white, European, American, Asian, African, Pacific) feminist theories of
gender hatched in odd siblingship with contradictory, hostile, fruitful,
inherited binary dualisms. Phallogocentrism was the egg ovulated by the
master subject, the brooding hen to the permanent chickens of history. But
into the nest with that literal-minded egg has been placed the germ of a
phoenix that will speak in all the tongues of a world turned upside down.

Chapter Eight

A CyborgManifesto:
Science, Technology, and
Socialist-Feminism in the
Late Twentieth Centuryl

AN IRONIC DREAM OFACOMMON LANGUAGE FOR
WOMEN INTHE INTEGRATED CIRCUIT

T his chapter is an effort to build an ironic political myth faithful to
feminism, socialism, and materialism. Perhaps more faithful as
blasphemy is faithful, than as reverent worship and identifica-
tion. Blasphemy has always seemed to require taking things very

seriously. I know no better stance to adopt from within the secular-religious,
evangelical traditions of United States politics, including the politics of
socialist feminism. Blasphemy protects one from the moral majority within,
while still insisting on the need for community. Blasphemy is not apostasy.
Irony is about contradictions that do not resolve into larger wholes, even
dialectically, about the tension of holding incompatible things together
because both or all are necessary and true. Irony is about humour and
serious play. It is also a rhetorical strategy and a political method, one I
would like to see more honoured within socialist-feminism. At the centre of
my ironic faith, my blasphemy, is the image of the cyborg.
A cyborg is a cybernetic organism, a hybrid of machine and organism, a

creature of social reality as well as a creature of fiction. Social reality is lived
social relations, our most important political construction, a world-changing
fiction. The international women's movements have constructed 'women's
experience', as well as uncovered or discovered this crucial collective object.
This experience is a fiction and fact of the most crucial, political kind.
Liberation rests on the construction of the consciousness, the imaginative
apprehension, of oppression, and so of possibility. The cyborg is a matter of
fiction and lived experience that changes what counts as women's experience
in the late twentieth century. This is a struggle over life and death, but the
boundary between science fiction and social reality is an optical illusion.
Contemporary science fiction is full ofcyborgs - creatures simultaneously

animal and machine, who populate worlds ambiguously natural and crafted.

HARAWAY, Donna. 1991. A cyborg manifesto: science, technology, and socialist-feminism in the late twentieth century. In: Simians, cyborgs, and women: the reinvention of nature. London: Free Association Books, pp.149-81. [1987]
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Modem medicine is also full of cyborgs, of couplings between organism and
machine, each conceived as coded devices, in an intimacy and with a power
that was not generated in the history ofsexuality. Cyborg 'sex' restores some
of the lovely replicative baroque of ferns and invertebrates (such nice organic
prophylactics against heterosexism). Cyborg replication is uncoupled from
organic reproduction. Modem production seems like a dream of cyborg
colonization work, a dream that makes the nightmare of Taylorism seem
idyllic. And modem war is a cyborg orgy, coded by C31, command-control-
communication-intelligence, an $84 billion item in 1984'S US defence
budget. I am making an argument for the cyborg as a fiction mapping our
social and bodily reality and as an imaginative resource suggesting some very
fruitful couplings. Michael Foucault's biopolitics is a flaccid premonition of
cyborg politics, a very open field.
By the late twentieth century, our time, a mythic time, we are all chimeras,

theorized and fabricated hybrids of machine and organism; in short, we are
cyborgs. The cyborg is our ontology; it gives us our politics. The cyborg is a
condensed image of both imagination and material reality, the two joined
centres structuring any possibility of historical transformation. In the
traditions of 'Western' science and politics - the tradition of racist,
male-dominant capitalism; the tradition of progress; the tradition of the
appropriation of nature as resource for the productions of culture; the
tradition of reproduction of the self from the reflections of the other - the
relation between organism and machine has been a border war. The stakes
in the border war have been the territories of production, reproduction, and
imagination. This chapter is an argument for pleasure in the confusion of
boundaries and for responsibility in their construction. It is also an effort to
conrribute to socialist-feminist culture and theory in a postmodemist,
non-naturalist mode and in the utopian tradition of imagining a world
without gender, which is perhaps a world without genesis, but maybe also a
world without end. The cyborg incarnation is outside salvation history. Nor
does it mark time on an oedipal calendar, attempting to heal the terrible
cleavages of gender in an oral symbiotic utopia or post-oedipal apocalypse.
As Zoe Sofoulis argues in her unpublished manuscript on Jacques Lacan,
Melanie Klein, and nuclear culture, Lacklein, the most terrible and perhaps
the most promising monsters in cyborg worlds are embodied in non-oedipal
narratives with a different logic of repression, which we need to understand
for our survival.
The cyborg is a creature in a post-gender world; it has no truck with

bisexuality, pre-oedipal symbiosis, unalienated labour, or other seductions to
organic wholeness through a final appropriation of all the powers ofthe parts
into a higher unity. In a sense, the cyborg has no origin story in the Western
sense - a 'final' irony since the cyborg is also the awful apocalyptic telos ofthe

ACyborg Manifesto 151

'West's' escalating dominations of abstract individuation, an ultimate self
untied at last from all dependency, a man in space. An origin story in the
'Western', humanist sense depends on the myth of original unity, fullness,
bliss and terror, represented by the phallic mother from whom all humans
must separate, the task of individual development and of history, the twin
potent myths inscribed most powerfully for us in psychoanalysis and
Marxism. Hilary Klein has argued that both Marxism and psychoanalysis, in
their concepts of labour and of individuation and gender formation, depend
on the plot of original unity out of which difference must be produced and
enlisted in a drama of escalating domination of woman/nature. The cyborg
skips the step of original unity, of identification with nature in the Western
sense. This is its illegitimate promise that might lead to subversion of its
teleology as star wars.
The cyborg is resolutely committed to partiality, irony, intimacy, and

perversity. It is oppositional, utopian, and completely without innocence. No
longer structured by the polarity of public and private, the cyborg defines a
technological polis based partly on a revolution ofsocial relations in the oikos,
the household. Nature and culture are reworked; the one can no longer be
the resource for appropriation or incorporation by the other. The rela-
tionships for forming wholes from parts, including those of polarity and
hierarchical domination, are at issue in the cyborg world. Unlike the hopes
of Frankenstein's monster, the cyborg does not expect its father to save it
through a restoration of the garden; that is, through the fabrication of a
heterosexual mate, through its completion in a finished whole, a city and
cosmos. The cyborg does not dream of community on the model of the
organic family, this time without the oedipal project. The cyborg would not
recognize the Garden of Eden; it is not made of mud and cannot dream of
returning to dust. Perhaps that is why I want to see if cyborgs can subvert the
apocalypse of returning to nuclear dust in the manic compulsion to name the
Enemy. Cyborgs are not reverent; they do not re-member the cosmos. They
are wary of holism, but needy for connection- they seem to have a natural
feel for united front politics, but without the vanguard party. The main
trouble with cyborgs, of course, is that they are the illegitimate offspring of
militarism and parriarchal capitalism, not to mention state socialism. But
illegitimate offspring are often exceedingly unfaithful to their origins. Their
fathers, after all, are inessential.
I will return to the science fiction of cyborgs at the end of this chapter, but

now I want to signal three crucial boundary breakdowns that make the
following political-fictional (political-scientific) analysis possible. By the late
twentieth century in United States scientific culture, the boundary between
human and animal is thoroughly breached. The last beachheads of unique-
ness have been polluted if not turned into amusement parks - language, tool
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use, social behaviour, mental events, nothing really convincingly settles the
separation of human and animal. And many people no longer feel the need
for such a separation; indeed, many branches of feminist culture affirm the
pleasure of connection of human and other living creatures. Movements for
animal rights are not irrational denials of human uniqueness; they are a
clear-sighted recognition of connection across the discredited breach of
nature and culture. Biology and evolutionary theory over the last two
centuries have simultaneously produced modem organisms as objects of
knowledge and reduced the line between humans and animals to a faint trace
re-etched in ideological struggle or professional disputes between life and
social science. Within this framework, teaching modem Christian creation-
ism should be fought as a form of child abuse.
Biological-determinist ideology is only one position opened up in scient-

ific culture for arguing the meanings of human animality. There is much
room for radical political people to contest the meanings of the breached
boundary? The cyborg appears in myth precisely where the boundary
between human and animal is transgressed. Far from signalling a walling off
of people from other living beings, cyborgs signal disturbingly and pleasur-
ably tight coupling. Bestiality has a new status in this cycle of marriage
exchange.
The secoml :eaky distinction is between animal-human (organism) and

machine. Pre-cybernetic machines could be haunted; there was always the
spectre of the ghost in the machine. This dualism structured the dialogue
between materialism and idealism that was settled by a dialectical progeny,
called spirit or history, according to taste. But basically machines were not
self-moving, self-designing, autonomous. They could not achieve man's
dream, only mock it. They were not man, an author to himself, but only a
caricature of that masculinist reproductive dream. To think they were
otherwise was paranoid. Now we are not so sure. Late twentieth-century
machines have made thoroughly ambiguous the difference between natural
and artificial, mind and body, self-developing and externally designed, and
many other distinctions that used to apply to organisms and machines. Our
machines are disturbingly lively, and we ourselves frighteningly inert.
Technological determination is only one ideological space opened up by

the reconceptions ofmachine and organism as coded texts through which we
engage in the play of writing and reading the world.3 'Textualization' of
everything in poststructuralist, postrnodernist theory has been damned by
Marxists and socialist feminists for its utopian disregard for the lived
relations of domination that ground the 'play' of arbitrary reading: It is
certainly true that postrnodernist strategies, like my cyborg myth, subvert
myriad organic wholes (for example, the poem, the primitive culture, the
biological organism). In short, the certainty of what counts as nature - a
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source of insight and promise of innocence - is undermined, probably
fatally. The transcendent authorization of interpretation is lost, and with it
the ontology grounding 'Western' epistemology. But the alternative is not
cynicism or faithlessness, that is, some version of abstract existence, like the
accounts of technological determinism destroying 'man' by the 'machine' or
'meaningful political action' by the 'text'. Who cyborgs will be is a radical
question; the answers are a matter of survival. Both chimpanzees and
artefacts have politics, so why shouldn't we (de Waal, 1982; Winner, 1980)1
The third distinction is a subset of the second: the boundary between

physical and non-physical is very imprecise for us. Pop physics books on the
consequences of quantum theory and the indeterminacy principle are a kind
of popular scientific equivalent to Harlequin romances' as a marker of
radical change in American white heterosexuality: they get it wrong, but they
are on the right subject. Modem machines are quintessentially microelectro-
nic devices: they are everywhere and they are invisible. Modem machinery is
an irreverent upstart god, mocking the Father's ubiquity and spirituality.
The silicon chip is a surface for writing; it is etched in molecular scales
disturbed only by atomic noise, the ultimate interference for nuclear scores.
Writing, power, and technology are old partners in Western stories of the
origin of civilization, but miniaturization has changed our experience of
mechanism. Miniatumation has turned out to be about power; small is
not so much beautiful as pre-eminendy dangerous, as in cruise missiles.
Contrast the TV sets of the 1950S or the news cameras of the 1970S with the
TV wrist bands or hand-sized video cameras now advertised. Our best
machines are made ofsunshine; they are all light and clean because they are
nothing but signals, electromagnetic waves, a section of a spectrum, and
these machines are eminently portable, mobile - a matter ofimmense human
pain in Detroit and Singapore. People are nowhere near so fluid, being both
material and opaque. Cyborgs are ether, quintessence.
The ubiquity and invisibility of cyborgs is precisely why these sunshine-

belt machines are so deadly. They are as hard to see politically as materially.
They are about consciousness - or its simulation.' They are floating
signifiers moving in pickup trucks across Europe, blocked more effectively
by the witch-weavings of the displaced and so unnatural Greenham women,
who read the cyborg webs of power so very well, than by the militant labour
of older masculinist politics, whose natural constituency needs defence jobs.
Ultimately the 'hardest' science is about the realm of greatest boundary
confusion, the realm ofpure number, pure spirit, C3I, cryptography, and the
preservation of potent secrets. The new machines are so clean and light.
Their engineers are sun-worshippers mediating a new scientific revolution

• The US equivalent ofMills & Boon.
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associated with the night dream of post-industrial society. The diseases
evoked by these clean machines are 'no more' than the minuscule coding
changes of an antigen in the immune system, 'no more' than the experience
ofstress. The nimble fingers of'Oriental' women, the old fascination of little
Anglo-Saxon Victorian girls with doll's houses, women's enforced attention
to the small take on quite new dimensions in this world. There might be a
cyborg Alice taking account of these new dimensions. Ironically, it might be
the unnatural cyborg women making chips in Asia and spiral dancing in
Santa Rita jail' whose constructed unities will guide effective oppositional
strategies.
So my cyborg myth is about transgressed boundaries, potent fusions, and

dangerous possibilities which progressive people might explore as one part of
needed political work. One ofmy premises is that most American socialists
and feminists see deepened dualisms of mind and body, animal and
machine, idealism and materialism in the social practices, symbolic formula-
tions, and physical artefacts associated with 'high technology' and scientific
culture. From Olle-DimensiollalMall (Marcuse, 1964) to 17leDeath o[Nalllre
(Merchant, 1980), the analytic resources developed by progressives have
insisted on the necessary domination of technics and recalled us. to an
imagined organic body to integrate our resistance. Another ofmy premises is
that the need for unity of people trying to resist world-wide intensification of
domination has never been more acute. But a slighdy perverse shift of
perspective might better enable us to contest for meanings, as well as for
other forms of power and pleasure in technologically mediated societies.
From one perspective, a cyborg world is about the final imposition of a

grid of control on the planet, about the final abstraction embodied in a Star
Wars apocalypse waged in the name ofdefence, about the fmal appropriation
ofwomen's bodies in a masculinist orgy ofwar (Sofia, 1984). From another
perspective, a cyborg world might be about lived social and bodily realities in
which people are not afraid of their joint kinship with animals and machines,
not afraid of permanendy partial identities and contradictory standpoints.
The political struggle is to see from both perspectives at once because each
reveals both dominations and possibilities unimaginable from the other
vantage point. Single vision produces worse illusions than double vision or
many-headed monsters. Cyborg unities are monstrous and illegitimate; in
our present political circumstances, we could hardly hope for more potent
myths for resistance and recoupling. I like to imagine LAG, the Livermore
Action Group, as a kind of cyborg society, dedicated to realistically
converting the laboratories that most fiercely embody and spew out the tools

.. A practice at once both spiritual and political that linked guards and arrested anti-nuclear
demonstrators in the Alameda County jail in California in the early 1980s.
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of technological apocalypse, and committed to building a political form that
acutally manages to hold together witches, engineers, elders, perverts,
Christians, mothers, and Leninists long enough to disarm the state. Fission
Impossible is the name of the affinity group in my town .(Affinity: related not
by blood but by choice, the appeal of one chemical nuclear group for
another, avidity.)6

FRACTURED IDENTITlliS
It has become difficult to name one's feminism by a single adjective - or even
to insist in every circumstance upon the noun. Consciousness of exclusion
through naming is acute. Identities seem contradictory, partial, and strategic.
With the hard-won recognition of their social and historical constitution,
gender, race, and class cannot provide the basis for beliefin 'essential' unity.
There is nothing about being 'female' that naturally binds women. There is
not even such a state as 'being' female, itself a highly' complex category
constructed in contested sexual scientific discourses and other social
practices. Gender, race, or class consciousness is an achievement forced on
us by the terrible historical experience of the contradictory social realities of
patriarchy, colonialism, and capitalism. And who counts as 'us' in my own
rhetoric? Which identities are available to ground such a potent political
myth called 'us', and what could motivate enlistment in this collectivity?
Painful fragmentation among feminists (not to mention among women)
along every possible fault line has made the concept of womall elusive, an
excuse for the matrix ofwomen's dominations of each other. For me - and
for many who share a similar historical location in white, professional
middle-class, female, radical, North American, mid-adult bodies - the
sources ofa crisis in political identity are legion. The recent history for much
of the US left and US feminism has been a response to this kind of crisis by
endless splitting and searches for a new essential unity. But there has also
been a growing recognition of another response through coalition - affinity,
not identity?
Chela Sandnval (n.d., 1984), from a consideration of specific historical

moments in the formation nf the new pnlitical voice called women of colour,
has theorized a hopeful model of political identity called 'oppositional
consciousness', born of the skills for reading webs ofpower by those refused
stable membership in the social categories of race, sex, or class. 'Women of
color', a name contested at its origins by those whom it would incorporate, as
well as a historical consciousness marking systematic breakdown of all the
signs of Man in 'Western' traditions, constructs a kind of postmodernist
identity out of otherness, difference, and specificity. This postmodernist
identity is fully political, whatever might be said about other possible
postlnodernisms. Sandoval's oppositional consciousness is about contradic-
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tory locations and heterochronic calendars, not about relativisms and
pluralisms.
Sandoval emphasizes the lack ofany essential criterion for identit}ing who

is a woman of colour. She notes that the definition of the group has been by
conscious appropriation of negation. For example, a Chicana or US black
woman has not been able to speak as a woman or as a black person or as a
Chicano. Thus, she was at the bottom ofa cascade ofnegative identities, left
out of even the privileged oppressed authorial categories called 'women and
blacks', who claimed to make the imponant revolutions. The category
'woman' negated all non-white women; 'black' negated all non-Iilack people,
as well as all black women. But there was also no 'she', no singularity, but a
sea of differences among US women who have affirmed their historical
identity as US women of colour. This identity marks out a self-consciously
constructed space that cannot affirm the capacity to act on the basis of
natural identification, but only on the basis ofconscious coalition, of affinity,
of political kinship." Unlike the 'woman' of some streams of the white
women's movement in the United States, there is no naturalization of the
matrix, or at least this is what Sandoval argues is uniquely available through
the power of oppositional consciousness.
Sandoval's argument has to be seen as one potent formulation for

feminists out of the world-wide development of anti-colonialist discourse;
that is to say, discourse dissolving the 'West' and its highest product - the
one who is not animal, barbarian, or woman; man, that is, the author of a
cosmos called history. As orientalism is deconstructed politically and
semiotically, the identities of the occident destabilize, including those of
feminists.9 Sandoval argues that 'women ofcolour' have a chance to build an
effective unity that does not replicate the imperializing, totalizing revolution-
ary subjects of previous Marxisms and feminisms which had not faced the
consequences of the disorderly polyphony emerging from decolonization.
Katie King has emphasized the limits of identification and the politicaV

poetic mechanics of identification built into reading 'the poem', that
generative core of cultural feminism. King criticizes the persistent tendency
among contemporary feminists from different 'moments' or 'conversations'
in feminist practice to taxonomize the women's movement to make onels
own political tendencies appear to be the telos of the whole. These
taxonomies tend to remake feminist history so that it appears to be an
ideological struggle among coherent types persisting over time, especially
those typical units called radical, liberal, and socialist-feminism. Literally, all
other feminisms are either incorporated or marginalized, usually by building
an explicit ontology and epistemology.1O Taxonomies of feminism produce
epistemologies to police deviation from official women's experience. And of
course, 'women's culture" like women of colour, is consciously created by
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mechanisms inducing affinity. The rituals of poetry, music, and certain
forms of academic practice have been pre-eminent. The politics of race and
culture in the US women's movements are intimately interwoven. The
common achievement of King and Sandoval is learning how to craft a
poetic/political unity without relying on a logic of appropriation, incorpora-
tion, and taxonomic identification.
The theoretical and practical struggle against unity-through-domination

or unity-through-incorporation ironically not only undermines the justifica-
tions for patriarchy, colonialism, humanism, positivism, essentialism, scient-
ism, and other unlamented -isms, but all claims for an organic or natural
standpoint. I think that radical and socialist/Marxist-feminisms have also
undermined their/our own epistemological strategies and that this is a
crucially valuable step in imagining possible unities. It remains to be seen
whether all 'epistemologies' as Western political people have known them
fail us in the task to build effective affinities.
It is imponant to note that the effon to construct revolutionary stand-

points, epistemologies as achievements of people committed to changing the
world, has been part of the process showing the limits of identification. The
acid tools of posunodernist theory and the constructive tools of ontological
discourse about revolutionary subjects might be seen as ironic allies in
dissolving Western selves in the interests of survival. We are excruciatingly
cooscious ofwhat it means to have a historically constituted body. But with
the loss of innocence in our origin, there is no expulsion from the Garden
either. Our politics lose the indulgence of guilt with the naroete of innocence.
But what would another political myth for socialist-feminism look like? What
kind of politics could embrace partial, contradictory, permanently unclosed
constructions ofpersonal and collective selves and still be faithful, effective -
and, ironically, socialist-feminist?
I do not know ofany other time in history when there was greater need for

political unity to confront effectively the dominations of 'race', 'gender',
'sexuality', and 'class'. I also do not know ofany other time when the kind of
unity we might help build could have been possible. None of 'us' have any
longer the symbolic or material capability of dictating the shape of reality to
any of 'them'. Or at least 'we' cannot claim innocence from practising such
dominations. White women, including socialist feminists, discovered (that is,
were forced kicking and screaming to notice) the non-innocence of the
category 'woman'. That consciousness changes the geography of all previous
categories; it denatures them as heat denatures a fragile protein. Cyborg
feminists have to argue that 'we' do not want any more natural matrix of
unity and that no construction is whole. Innocence, and the corollary
insistence on victinthood as the only ground for insight, has done enough
damage. But the constructed revolutionary subject must give late-twentieth-
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century people pause as well. In the fraying of identities and in the reflexive
strategies for constructing them, the possibility opens up for weaving
something other than a shroud for the day after the apocalypse that so
prophetically ends salvation history.
Both Marxist/socialist-feminisms and radical feminisms have simul-

taneously naturalized and denatured the category 'woman' and conscious-
ness of the social lives of 'women'. Perhaps a schematic caricature caD
highlight both kinds of moves. Marxian socialism is rooted in an analysis of
wage labour which reveals class structure. The consequence of the wage
relationship is systematic alienation, as the worker is dissociated from his
(sic) product. Abstraction and illusion rule in knowledge, domination rules
in practice. Labour is the pre-eminently privileged category enabling the
Marxist to overcome illusion and find that point of view which is necessary
for changing the world. Labour is the humanizing activity that makes man·. 'labour IS an ontological category permitting the knowledge of a subject, and
so the knowledge of subjugation and alienation.
In faithful fIliation, socialist-feminism advanced by allying itself with the

basic analytic strategies ofMarxism. The main achievement ofboth Marxist
feminists and socialist feminists was to expand the category of labour to
accommodate what (some) women did, even when the wage relation was
subordinated to a more comprehensive view of labour under capitalist
patriarchy. In particular, women's labour in the household and women's
activity as mothers generally (that is, reproduction in the socialist-feminist
sense), entered theory on the authority of analogy to the Marxian concept of
labour. The unity of women here rests on an epistemology based on the
ontological structure of 'labour'. Marxist/socialist-feminism does not 'natur-
alize' unity; it is a possible achievement based on a possible standpoint
rooted in social relations. The essentializing move is in the ontological
structure oflabour or ofits analogue, women's activity." The inheritance of
Marxian humanism, with its pre-eminently Western self, is the difficulty for
me. The contribution from these formulations has been the emphasis on the
daily responsibility of real women to build unities, rather than to naturalize
them.
Catherine MacKinnon's (198z, 1987) version of radical feminism is itself

a caricature of the appropriating, incorporating, totalizing tendencies of
Western theories of identity grounding action. 12 It is factually and politically
wrong to assimilate all of the diverse 'moments' or 'conversations' in recent
women's politics named radical feminism to MacKinnon's version. But the
teleological logic of her theory shows how an epistemology and ontology-
including their negations - erase or police difference. Only one of the effects
of MacKinnon's theory is the rewriting of the history of the polymorphous
field called radical feminism. The major effect is the production of a theury
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of experience, of women's identity, that is a kind of apocalypse for all
revolutionary standpoints. That is, the totalization built into this tale of
radical feminism achieves its end - the unity of women - by enforcing the
experience of and testimony to radical non-being. As for the Marxist/
socialist feminist, consciousness is an achievement, not a natural fact. And
MacKinnon's theory eliminates some of the difficulties built into humanist
revolutionary subjects, but at the cost of radical reductionism.
MacKinnon argues that feminism necessarily adopted a different analy!-

ical strategy from Marxism, looking first not at the structure of class, but at
the structure of sex/gender and its generative relationship, men's constitu-
tion and appropriation ofwomen sexually. Ironically, MacKinnon's 'ontolo-
gy' constructs a non-subject, a Another's desire, not the self's
labour, is the origin of 'woman'. She therefore develops a theory of
consciousness that enforces what can count as 'women's' experience -
anything that names sexual violation, indeed, sex itself as far as 'women' can
be concerned. Feminist practice is the construction of this form of
consciousness; that is, the self-knowledge of a self-who-is-not.
Perversely, sexual appropriation in this feminism still has the epistemolo-

gical status oflabour; that is to say, the point from which an analysis able to
contribute to changing the world must flow. But sexual objectification, not
alienation, is the consequence of the structure ofsex/gender. In the realm of
knowledge, the result of sexual objectification is illusion and abstraction.
However, a woman is not simply alienated from her product, but in a deep
sense does not exist as a subject, or even potential subject, since she owes
her existence as a woman to sexual appropriation. To be constituted by
another's desire is not the same thing as to be alienated in the violent
separation of the labourer from his product.
MacKinnon's radical theory of experience is totalizing in the extreme;

it does not so much marginalize as obliterate the authority of any other
women's political speech and action. It is a totalization producing
what Western patriarchy itself never succeeded in doing - feminists'
consciousness of the non-existence of women, except as products of
men's desire. I think MacKinnon correctly argues that no Marxian version
of identity can firmly ground women's unity. But in solving the problem
of the contradictions of any Western revolutionary subject for feminist
purposes, she develops an even more authoritarian doctrine of experience.
If my complaint about socialist/Marxian standpoints is their unintended
erasure of polyvocal, unassimilable, radical difference made visible in
anti-colonial discourse and practice, MacKinnon's intentional erasure of all
difference through the device of the 'essential' non-existence of women is
not reassuring.
In my taxonomy, which like any other taxonomy is a re-inscription of
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history, radical feminism can accommodate all the acl1VltIes of women
named by socialist feminists as forms of labour only if the activity can
somehow be sexualized. Reproduction had different tones of meanings for
the two tendencies, one rooted in labour, one in sex, both calling the
consequences of domination and ignorance of social and personal reality
(false consciousness'.
Beyond either the difficulties or the contributions in the argument of any

one author, neither Marxist nor radical feminist points of view have tended
to embrace the status ofa partial explanation; both were regularly constituted
as totalities. Western explanation has demanded as much; how else could the
'Western' author incorporate its others? Each tried to annex other forms of
domination by expanding its basic categories through analogy, simple listing,
or addition. Embarrassed silence about race among white radical and
socialist feminists was one major, devastating political consequence. History
and polyvocality disappear into political taxonomies that try to establish
genealogies. There was nO structural room for race (or for much else) in
theory claiming to reveal the construction of the category woman and social
group women as a unified or totalizable whole. The structure of my
caricature looks like this:
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risk lapsing into boundless difference and giving up on the confusing task of
making partial, real connection. Some differences are playful; some are poles
of world historical systems of domination. 'Epistemology' is about knowing
the difference.

THE INFORMATICS OFDOMINATION
In this attempt at an epistemological and political position, I would like to
sketch a picture ofpossible unity, a picture indebted to socialist and feminist
principles of design. The frame for my sketch is set by the extent and
importance of rearrangements in world-wide social relations tied to science
and technology. I argue for a politics rooted in claims about fundamental
changes in the nature of class, race, and gender in an emerging system of
world order analogous in its novelty and scope to that created by industrial
capitalism; we are living through a movement from an organic, industrial
society to a polymorphous, information system - from all work to all play, a
deadly game. Simultaneously material and ideological, the dichotomies may
be expressed in the following chart of transitions from the comfortable old
hierarchical dominations to the scary new networks I have called the
informatics of domination:

socialist feminism - structure of class / / wage labour / / alienation
labour, by analogy reproduction, by extension sex, by addition race
radical feminism - structure of gender / / sexual appropriation II
objectification
sex, by analogy labour, by extension reproduction, by addition race

In another context, the French theorist, Julia Kristeva, claimed women
appeared as a historical group after the Second World War, along with
groups like youth. Her dates are doubtful; but we are now accustomed to
remembering that as objects of knowledge and as historical actors, 'race' did
not always exist, lclass' has a historical genesis, and (homosexuals' are quite
junior. It is no accident that the symbolic system of the family ofman - and
so the essence ofwoman - breaks up at the same moment that networks of
connection among people on the planet are unprecedentedly multiple,
pregnant, and complex. 'Advanced capitalism' is inadequate to convey the
structure of this historical moment. In the 'Western' sense, the end ofman
at stake. It is no accident that woman disintegrates into women in our time.
Perhaps socialist feminists were not substantially guilty of producing
essentialist theory that suppressed women's particularity and contradictory
interests. I think we have been, at least through unreflective participation in
the logics, languages, and practices of white humanism and through
searching for a single ground of domination to secure our revolutionary
voice. Now we have less eXCuse. But in the consciousness of our failures, we

Representation
Bourgeois novel, realism
Organism
Depth, integrity
Heat
Biology as clinical practice
Physiology
Small group
Perfection
Eugenics
Decadence, Magic Mountai11
Hygiene
Microbiology, tuberculosis
Organic division of labour
Functional specialization
Reproduction
Organic sex role specialization
Biological determinism
Community ecology
Racial chain of being

Simulation
Science fiction, postrnodernism
Biotic component
Surface, boundary
Noise
Biology as inscription
Communications engineering
Subsystem
Optimization
Population Control
Obsolescence, Future Siwek
Stress Management
Immunology, AIDS
Ergonomics / cybernetics of labour
Modular construction
Replication
Optimal genetic strategies
Evolutionary inertia, constraints
Ecosystem
Neo-imperialism, United Nations
humanism



This list suggests several interesting things. 13 First, the objects on the
right-hand side cannot be coded as 'natural', a realization that subverts
naturalistic coding for the left-hand side as well. We cannot go back
ideologically or materially. It's not just that 'god' is dead; so is the 'goddess'.
Or both are revivified in the worlds charged with microelectronic and
biotechnological politics. In relation to objects like biotic components, one
must think not in terms of essential properties, but in terms of design,
boundary constraints, rates of flows, systems logics, costs of lowering
constraints. Sexual reproduction is one kind of reproductive strategy among
many, with costs and benefits as a function of the system environment.
Ideologies ofsexual reproduction can no longer reasonably call on notions of
sex and sex role as organic aspects in natural objects like organisms and
families. Such reasoning will be unmasked as irrational, and ironically
corporate executives reading Playboy and anti-porn radical feminists will
make strange bedfellows in jointly unmasking the irrationalism.
Likewise for race, ideologies about human diversity have to be formulated

in terms of frequencies of parameters, like blood groups or intelligence
scores. It is 'irrational' to invoke concepts like primitive and civilized. For
liberals and radicals, the search for integrated social systems gives way to a
new practice called 'experimental ethnography' in which an organic object
dissipates in attention to the play ofwriting. At the level of ideology, we sec
translations of racism and colonialism into languages of development and
under-development, rates and constraints of modernization. Any objects or
persons can be reasonably thought of in terms of disassembly and reassem-
bly; no 'natural' architectures constrain system design. The financial districts
in all the world's cities, as well as the export-processing and free-trade
zones, proclaim this elementary fact of 'late capitalism'. The entire universe
ofobjects that can be known scientifically must be formulated as problems in
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Scientific management in home /
factory
Family / Market / Factory
Family wage
Public / Private
Nature / Culture
Co-operation
Freud
Sex
Labour
Mind
Second World War
White Capitalist Patriarchy

Global factory / Electronic cottage

Women in the Integrated Circuit
Comparable worth
Cyborg citizenship
Fields of difference
Communications enhancement
Lacan
Genetic engineering
Robotics
Artificial Intelligence
Star Wars
Informatics of Domination
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communicatioas engineering (for the managers) or theories of the text (for
those who would resist). Both are cyborg semiologies.
One should expect control strategies to concentrate on boundary condi-

tions and interfaces, on rates of flow across boundaries - and not on the
integrity of natural objects. 'Integrity' or 'sincerity' of the Western self gives
way to decision procedures and expert systems. For example, control
strategies applied to women's capacities to give birth to new human beings
will be developed in the languages ofpopulation control and maximization of
goal achievement for individual decision-makers. Control strategies will be
formulated in terms of rates, costs of constraints, degrees of freedom.
Human beings, like any other component or subsystem, must be localized in
a system architecture whose basic modes of operation are probabilistic,
statistical. No objects, spaces, or bodies are sacred in themselves; any
component can be interfaced with any other if the proper standard, the
proper code, can be constructed for processing signals in a common
language. Exchange in this world transcends the universal translation
effected by capitalist markets that Marx analysed so well. The privileged
pathology affecting all kinds of components in this universe is stress -
communications breakdown (Hogness, 1983). The cyborg is not subject to
Foucault's biopolitics; the cyborg simulates politics, a much more potent
field of operations.
This kind ofanalysis of scientific and cultural objects of knowledge which

have appeared historically since the Second World War prepares us to notice
some important inadequacies in feminist analysis which has proceeded as if
the organic, hierarchical dualisms ordering discourse in 'the West' since
Aristotle still ruled. They have been cannibalized, or as Zoe Sofia (Sofoulis)
might put it, they have been 'techno-digested'. The dichotomies between
mind and body, animal and human, organism and machine, public and
private, nature and culture, men and women, primitive and civilized are all in
question ideologically. The actual situation of women is their integration!
"'Ploitation into a world system of production!reproduction and com-
munication called the informatics of domination. The home, workplace,
market, public arena, the body itself - all can be dispersed and interfaced in
nearly infmite, polymorphous ways, with large consequences for women and
others - consequences that themselves are very different for different people
and which make potent oppositional international movements difficult to
imagine and essential for survival. One important route for reconstructing
socialist-feminist politics is through theory and practice addressed to the
social relations of science and technology, including crucially the systems of
myth and meanings structuring our imaginations. The cyborg is a kind of
disassembled and reassembled, postrnodern collective and personal self.
This is the self feminists must code.
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Communications technologies and biotechnologies are the crucial tools
recrafting our bodies. These tools embody and enforce new social relations
for women world-wide. Technologies and scientific discourses can be
partially understood as formalizations, Le., as frozen moments, of the fluid
social interactions constituting them, but they should also be viewed as
instruments for enforcing meanings. The boundary is permeable between
tool and myth, instrument and concept, historical systems of social relatinns
and historical anatomies ofpossible bodies, including objects of knowledge.
Indeed, myth and tool mutually constitute each other.
Furthennore, communications sciences and modem biologies are con-

structed by a common move - the translation of the world illto a problem of
coding, a search for a common language in which all resistance to in-
strumental control disappears and all heterogeneity can be submitted to
disassembly, reassembly, investment, and exchange.
In communications sciences, the translation of the world into a problem in

coding can be illustrated by looking at cybernetic (feedback-controlled)
systems theories applied to telephone technology, computer design, weapons
deployment, or data base construction and maintenance. In each case,
solution to the key questions rests on a theory of language and control; the
key operation is determining the rates, directions, and probabilities of flow nf
a quantity called information. The world is subdivided by boundaries
differentially permeable to information. Information is just that kind of
quantifiable element (unit, basis ofunity) which allows universal translation,
and so unhindered instrumental power (called effective communication).
The biggest threat to such power is interruption of communication. Any
system breakdown is a function of stress. The fundamentals of this
technology can be condensed into the metaphor C3I, command-control-
communication-intelligence, the military's symbol for its operations theory.
In modem biologies, the translation of the world into a problem in coding

can be illustrated by molecular genetics, ecology, sociobiological evolution-
ary theory, and inununobiology. The organism has been translated into prob-
lems of genetic coding and read-out. Biotechnology, a writing technology,
informs research broadly.14 In a sense, organisms have ceased to exist as
objects of knowledge, giving way to biotic components, Le., special kinds of
information-processing devices. The analogous moves in ecology could be
examined by probing the history and utility of the concept of the ecosystem.
Immunobiology and associated medical practices are rich exemplars of the
privilege of coding and recognition systems as objects of knowledge, as
constructions ofbodily reality for us. Biology here is a kind of cryptography.
Research is necessarily a kind of intelligence activity. Ironies abound. A
stressed system goes awry; its communication processes break down; it fails
to recognize the difference between self and other. Human babies with
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baboon hearts evoke national ethical perplexity - for animal rights activists at
least as much as for the guardians of human purity. In the US gay men and
intravenous drug users are the 'privileged' victims of an awful immune
system disease that marks (inscribes on the body) confusion of boundaries
and moral pollution (Treichler, 1987).
But these excursions into communications sciences and biology have been

at a rarefied level; there is a mundane, largely economic reality to support my
claim that these sciences and technologies indicate fundamental transforma-
tions in the structure of the world for us. Communications technologies
depend on electronics. Modem states, multinational corporations, military
pnwer, welfare state apparatuses, satellite systems, political processes,
fabrication of our imaginations, labour-control systems, medical construc-
tions of our bodies, commercial pornography, the international division of
labour, and religious evangelism depend intimately upon electronics. Micro-
electronics is the technical basis of simulacra; that is, of copies without
originals.
Microelectronics mediates the translations of labour into robotics and

word processing, sex into genetic engineering and reproductive technolo-
gies, and mind into artificial intelligence and decision procedures. The new
biotechnologies concern more than human reproduction. Biology as a
powerful engineering science for redesigning materials and processes has
revolutionary implications for industry, perhaps most obvious today in areas
of fennentation, agriculture, and energy. Communications sciences and
biology are constructions ofnatural-technical objects of knowledge in which
the difference between machine and organism is thoroughly blurred; mind,
body, and tool are on very intimate terms. The 'multinational' material
organization of the production and reproduction of daily life and the
symbolic organization of the production and reproduction of culture and
imagination seem equally implicated. The boundary-maintaining images of
base and superstructure, public and private, or material and ideal never
seemed more feeble.
I have used Rachel Grossman's (1980) image ofwomen in the integrated

circuit to name the situation ofwomen in a world so intimately restructured
through the social relations of science and technology.15 I used the odd
circumlocution, 'the social relations of science and technology', to indicate
that we are not dealing with a technological determinism, but with a
historical system depending upon structured relations among people. But
the phrase should also indicate that science and technology provide fresh
sources of power, that we need fresh sources of analysis and political action
(Latour, 1984). Some of the rearrangements of race, sex, and class rooted
in high-tech-facilitated social relations can make socialist-feminism more
relevant to effective progressive politics.
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THE 'HOMEWORK ECONOMY' OUTSIDE 'THE HOME'
The 'New Industrial Revolution' is producing a new world-wide working
class, as weIl as new sexualities and ethnicities. The extreme mobility of
capital and the emerging international division oflabour are intertwined with
the emergence ofnew coIlectivities, and the weakening offamiliar groupings.
These developments are neither gender- nor race-neutral. White men in
advanced industrial societies have become newly vulnerable to pennanent
job loss, and women are not disappearing from the job roIls at the same rates
as men. It is not simply that women in Third World countries are the
preferred labour force for the science-based multinationals in the export-
processing sectors, particularly in electronics. The picture is more systematic
and involves reproduction, sexuality, culture, consumption, and production.
In the prototypical Silicon VaIley, many women's lives have been structured
around employment in electronics-dependent jobs, and their intimate
realities include serial heterosexual monogamy, negotiating childcare, dis-
tance from extended kin or most other fonns of traditional community, a
high likelihood ofloneliness and extreme economic vulnerability as they age.
The ethnic and racial diversity of women in Silicon Valley structures a
microcosm of conflicting differences in culture, family, religion, education,
and language.
Richard Gordon has caIled this new situation the 'homework economy'."

Although he includes the phenomenon of literal homework emerging in
connection with electronics assembly, Gordon intends 'homework economi
to name a restructuring ofwork that broadly has the characteristics fonnerly
ascribed to female jobs, jobs literally done only by women. Work is being
redefmed as both literally female and feminized, whether performed by men
or women. To be feminized means to be made extremely vulnerable; able to
be disassembled, reassembled, exploited as a reserve labour force; seen less
as workers than as servers; subjected to time arrangements on and nfT the
paid job that make a mockery ofa limited work day; leading an existence that
always borders on being obscene, out of place, and reducible to sex.
Deskilling is an old strategy newly applicable to fonnerly privileged workers.
However, the homework economy does not refer only to large-scale
deskilling, nor does it deny that new areas ofhigh skill are emerging, even for
women and men previously excluded from skiIled employment. Rather, the
concept indicates that factory, home, and market are integrated on a new
scale and that the places ofwomen are crucial - and need to be analysed for
differences among women and for meanings for relations between men and
women in various situations.
The homework economy as a world capitalist organizational structure is

made possible by (not caused by) the new technologies. The success of the
attack on relatively privileged, mostly white, men's unionized jobs is tied to
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the power of the new communications technologies to integrate and control
labour despite extensive dispersion and decentralization. The consequences
of the new technologies are felt by women both in the loss of the family
(male) wage (if they ever had aCcess to this white privilege) and in the
character of their own jobs, which are becoming capital-intensive; for
example, office work and nursing.
The new economic and technological arrangements are also related to the

collapsing welfare state and the ensuing intensification of demands on
women to sustain daily life for themselves as weIl as for men, children, and
old people. The feminization ofpoverty - generated by dismantling the wel-
fare state, by the homework economy where stable jobs become the excep-
tion, and sustained by the expectation that women's wages will not be matched
by a male income for the support of children - has become an urgent focus.
The causes of various women-headed households are a function of race,
class, or sexuality; but their increasing generality is a ground for coalitions of
women on many issues. That women regularly sustain daily life partly as a
function of their enforced status as mothers is hardly new; the kind of inte-
gration with the overall capitalist and progressively war-based economy is
new. The particular pressure, for example, on US black women, who have
achieved an escape from (barely) paid domestic service and who now hold
clerical and similar jobs in large numbers, has large implications for
continued enforced black poverty with employment. Teenage women in
industrializing areas of the Third World increasingly find themselves the
sole or major source of a cash wage for their families, while access to land is
ever more problematic. These developments must have major consequences
in the psychodynamics and politics of gender and race.
Within the framework of three major stages of capitalism (commerciaV

early industrial, monopoly, multinational) - tied to nationalism, imperialism,
and multinationalism, and related to Jameson's three dominant aesthetic
periods of realism, modernism, and posrmodernism - I would argue that
specific fonns of families dialectically relate to forms of capital and to its
political and cultural concomitants. Although lived problematically and
unequaIly, ideal forms of these families might be schematized as (I) the
patriarchal nuclear family, structured by the dichotomy between public and
private and accompanied by the white bourgeois ideology ofseparate spheres
and nineteenth-century Anglo-American bourgeois feminism; (2) the mod-
em family mediated (or enforced) by the welfare state and institutions like
the family wage, with a flowering of a-feminist heterosexual ideologies,
including their radical versions represented in Greenwich Village around the
First World War; and 6) the 'family' of the homework economy with its
oxymoronic structure of women-headed households and its explosion of
feminisms and the paradoxical intensification and erosion of gender itself.
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This is the context in which the projections for world-wide structural
unemployment stemming from the new technologies are part of the picture
of the homework economy. As robotics and related technologies put men out
ofwork in 'developed' countries and exacerbate failure to generate male jobs
in Third World 'development', and as the automated office becomes the rule
even in labour-surplus countries, the feminization ofwork intensifies. Black
women in the United States have long known what it looks like to face the
structural underemployment ('feminization') of black men, as well as their
own highly vulnerable position in the wage economy. It is no longer a secret
that sexuality, reproduction, family, and community life are interwoven with
this economic structure in myriad ways which have also differentiated the
situations of white and black women. Many more women and men will
contend with similar situations, which will make cross-gender and race
alliances on issues of basic life support (with or without jobs) necessary, not
just nice.
The new technologies also have a profound effect on hunger and on food

production for subsistence world-wide. Rae Lessor Blumberg (lg83) estim-
ates that women produce about 50 per cent of the world's subsistence
food.'7 Women are excluded generally from benefiting from the increased
high-tech commodification of food and energy crops, their days are made
more arduous because their responsibilities to provide food do not diminisb,
and their reproductive situations are made more complex. Green Revolution
technologies interact with other high-tech industrial production to alter
gender divisions of labour and differential gender migration patterns.
The new technolOgies seem deeply involved in the forms of 'privatization'

that Ros Petchesky (lg81) has analysed, in which militarization, right-wing
family ideologies and policies, and intensified definitions of corporate (and
state) property as private synergistically interact. IB The new communications
technologies are fundamental to the eradication of 'public life' for everyone.
This facilitates the mushrooming of a permanent high-tech military estab-
lishment at the cultural and economic expense ofmost people, but especially
of women. Technologies like video games and highly miniaturized televi-
sions seem crucial to production of modern forms of 'private life'. The
culture of video games is heavily orientated to individual competition and
extraterrestrial warfare. High-tech, gendered imaginations are produced
here, imaginations that can contemplate destruction of the planet and a sci-fi
escape from its consequences. More than our imaginations is militarized;
and the other realities of electronic and nuclear warfare are inescapable.
These are the technologies that promise ultimate mobility and perfect
exchange - and incidentally enable tourism, that perfect practice ofmobility
and exchange, to emerge as one of the world's largest single industries.
The new technologies affect the social relations of both sexuality and of
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reproduction, and not always in the same ways. The close ties of sexuality
and instrumentality, ofviews of the body as a kind of private satisfaction- and
utility-maximizing machine, are described nicely in sociobiological origin
stories that stress a genetic calculus and explain the inevitable dialectic of
domination ofmale and female gender roles. 19 These sociobiological stories
depend on a high-tech view of the body as a biotic component or cybernetic
communications system. Among the many transformations of reproductive
situations is the medical one, where women's bodies have boundaries newly
permeable to both 'visualization' and 'intervention'. Of course, who controls
the interpretation of bodily boundaries in medical hermeneutics is a major
feminist issue. The speculum served as an icon of women's claiming their
bodies in the 1970s; that handcraft tool is inadequate to express our needed
body politics in the negotiation of reality in the practices of cyborg
reproduction. Self-help is not enough. The technologies of visualization
recall the important cultural practice of hunting with the camera and the
deeply predatory nature of a photographic consciousness'>o Sex, sexuality,
and reproduction are central actors in high-tech myth systems structuring
our imaginations of personal and social possibility.
Another critical aspect of the social relations of the new technologies is the

reformulation of expectations, culture, work, and reproduction for the large
scientific and technical work-force. A major social and political danger is the
formation of a strongly bimodal social structure, with the masses of women
and men of all ethnic groups, but especially people of colour, confined to a
homework economy, illiteracy of several varieties, and general redundancy
and impotence, controlled by high-tech repressive apparatuses ranging from
entertainment to surveillance and disappearance. An adequate socialist-
feminist politics should address women in the privileged occupational
categories, and particularly in the production of science and technology that
constructs scientific-technical discourses, processes, and objects.21

This issue is only one aspect of enquiry into the possibility of a feminist
science, but it is important. What kind of constitutive role in the production
of knowledge, imagination, and practice can new groups doing science have?
How can these groups be allied with progressive social and political
movements? What kind of political accountability can be constructed to tie
women together across the scientific-technical hierarchies separating us?
Might there be ways of developing feminist science/technology politics in
alliance with anti-military science facility conversion action groups? Many
scientific and technical workers in Silicon Valley, the high-tech cowboys
included, do not want to work on military science.22 Can these personal
preferences and cultural tendencies be welded into progressive politics
among this professional middle class in which women, including women of
colour, are coming to be fairly numerous?
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WOMEN INTIlE INTEGRATED CIRCUIT
Let me summarize the picture of women's historical locations in advanced
industrial societies, as these positions have been restructured partly through
the social relations of science and technology. If it was ever possible
ideologically to characterize women's lives by the distinction of public and
private domains - suggested by images of the division ofworking-class life
into factory and home, ofbourgeois life into market and home, and ofgender
existence into personal and political reahns - it is now a totally misleading
ideology, even to show how both tenns of these dichotomies construct each
other in practice and in theory. I prefer a network ideological image,
suggesting the profusion of spaces and identities and the penneability of
boundaries in the personal body and in the body politic. 'Networking' is both
a feminist practice and a multinational corporate strategy - weaving is for
oppositional cyborgs.
So let me return to the earlier image of the infonnatics of domination and

trace one vision ofwomen's 'place' in the integrated circuit, touching only a
few idealized social locations seen primarily from the point of view of
advanced capitalist societies: Home, Market, Paid Work Place, State,
School, Clinic-Hospital, and Church. Each of these idealized spaces is
logically and practically implied in every other locus, perhaps analogous to a
holographic photograph. I want to suggest the impact of the social relations
mediated and enforced by the new technologies in order to help formulate
needed analysis and practical work. However, there is no 'place' for women
in these networks, only geometries of difference and contradiction crucial to
women's cyborg identities. If we learn how to read these webs ofpower and
social life, we might learn new couplings, new coalitions. There is no way to
read the following list from a standpoint of 'identification', of a unitary self.
The issue is dispersion. The task is to survive in the diaspora.

Home: Women-headed households, serial monogamy, flight of men, old
women alone, technology of domestic work, paid homework, re-
emergence of home sweat-shops, home-based businesses and telecom-
muting, electronic cottage, urban homelessness, migration, module
architecture, reinforced (simulated) nuclear family, intense domestic
violence.
Market: Women's continuing consumption work, newly targeted to huy
the profusion of new production from the new technologies (especially as
the competitive race among industrialized and industrializing nations to
avoid dangerous mass unemployment necessitates finding ever bigger
new markets for ever less clearly needed commodities); bimodal buying
power, coupled with advertising targeting of the numerous affiuent
groups and neglect of the previous mass markets; growing importance of
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infonnal markets in labour and commodities parallel to high-tech,
affiuent market structures; surveillance systems through electronic funds
transfer; intensified market abstraction (commodification) of experience,
resulting in ineffective utopian or equivalent cynical theories ofcommun-
ity; extreme mobility (abstraction) of marketinglfmancing systems; inter-
penetration of sexual and labour markets; intensified sexualization of
abstracted and alienated consumption.
Paid Work Place: Continued intense sexual and racial division of labour,
but considerable growth of membership in privileged occupational
categories for many white women and people of colour; impact of new
technologies on women's work in clerical, service, manufacturing (espe-
cially textiles), agriculture, electronics; international restructuring of the
working classes; development of new time arrangements to facilitate the
homework economy (flex time, part time, over time, no time); homework
and out work; increased pressures for two-tiered wage structures;
significant numbers ofpeople in cash-dependent populations world-wide
with no experience or no further hope of stable employment; most labour
'marginal' or 'feminized'.

State: Continued erosion of the welfare state; decentralizations with
increased surveillance and control; citizenship by telematics; imperialism
and political power broadly in the fonn of infonnation rich/infonnation
poor differentiation; increased high-tech militarization increasingly
opposed by many social groups; reduction of civil service jobs as a result
of the growing capital intensification of office work, with implications for
occupational mobility for women of colour; growing privatization of
material and ideological life and culture; close integration ofprivatization
and militarization, the high-tech fonns of bourgeois capitalist personal
and public life; invisibility of different social groups to each other, linked
to psychological mechanisms of belief in abstract enemies.
School: Deepening coupling ofhigh-tech capital needs and public educa-
tion at all levels, differentiated bi race, class, and gender; managerial
classes involved in educational refonn and refunding at the cost of
remaining progressive educational democratic structures for children and
teachers; education for mass ignorance and repression in technocratic
and militarized culture; growing anti-science mystery cults in dissenting
and radical political movements; continued relative scientific illiteracy
among white women and people ofcolour; growing industrial direction of
education (especially higher education) by science-based multinationals
(particularly in electronics- and biotechnology-dependent companies);
highly educated, numerous elites in a progressively bimodal society.
ClilJic-hospita/: Intensified machine-body relations; renegotiations of
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public metaphors which channel personal experience of the body,
particularly in relation to reproduction, immune system functions, and
'stress' phenomena; intensification of reproductive politics in response to
world historical implications of women's unrealized, potential control of
their relation to reproduction; emergence of new, historically specific
diseases; struggles over meanings and means of health in environments
pervaded by high technology products and processes; continuing feminiz-
ation of health work; intensified struggle over state responsibility for
health; continued ideological role ofpopular health movements as a major
form of American politics.
Chllrch: Electronic fundamentalist 'super-saver' preachers solemnizing
the union of electronic capital and automated fetish gods; intensified
importance of churches in resisting the militarized state; central struggle
over women's meanings and authority in religion; continued relevance of
spirituality, intertwined with sex and health, in political struggle.

The only way to characterize the informatics of domination is as a massive
intensification of insecurity and cultural impoverishment, with common
failure of subsistence networks for the most vulnerable. Since much of this
picture interweaves with the social relations of science and technology, the
urgency of a socialist-feminist politics addressed to science and technology
is plain. There is much now being done, and the grounds for political work
are rich. For example, the efforts to develop forms of coUec.tive struggle for
women in paid work, like SErU's District 925,* should be a high priority for
all of us. These efforts are profoundly tied to technical restructuring of
labour processes and reformations ofworking classes. These efforts also are
providing understanding of a more comprehensive kind of labour organiza-
tion, involving community, sexuality, and family issues never privileged in
the largely white male industrial unions.
The structural rearrangements related to the social relations of science

and technology evoke strong ambivalence. But it is not necessary to be
ultimately depressed by the implications of late twentieth-century women's
relation to all aspects of work, culture, production of knowledge, sexuality,
and reproduction. For excellent reasons, mOst Marxisms see domination
best and have trouble understanding what can only look like false conscious-
ness and people's complicity in their own domination in late capitalism. It is
crucial to remember that what is lost, perhaps especially from women's
points ofview, is often virulent forms of oppression, nostalgically naturalized
in the face of current violation. Ambivalence towards the disrupted unities
mediated by high-tech culture requires not sorting consciousness into
categories of 'clear-sighted critique grounding a solid political epistemology'

• Service Employees International Union's office workers' organization in the US.
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versus 'manipulated false consciousness', but subtle understanding of
emerging pleasures, experiences, and powers with serious potential for
changing the rules of the game.
There are grounds for hope in the emerging bases for new kinds of unity

across race, gender, and class, as these elementary units of socialist-feminist
analysis themselves suffer protean transformations. Intensifications of
hardship experienced world-wide in connection with the social relations of
science and technology are severe. But what people are experiencing is not
transparently clear, and we lack sufficiently subtle connections for collec-
tively building effective theories of experience. Present efforts - Marxist,
psychoanalytic, feminist, anthropological - to claritY even 'our' experience
are rudimentary.
I am conscious of the odd perspectivc provided by my historical position -

a PhD in biology for an Irish Catholic girl was made possible by Spumik's
impact on US national science-education policy. I have a body and mind as
much constructed by the post-Second World War arms race and cold war as
hy the women's movements. There are more grounds for hope in focusing
on the contradictory effects of politics designed to produce loyal American
technocrats, which also produced large numbers of dissidents, than in
focusing on the present defeats.
The permanent partiality of feminist points of view has consequences for

our expectations of forms of political organization and participation. We do
not need a totality in order to work well. The feminist dream of a common
language, like all dreams for a perfectly true language, of perfectly faithful
naming of experience, is a totalizing and imperialist one. In that sense,
dialectics too is a dream language, longing to resolve contradiction. Perhaps,
ironically, we can learn from our fusions with animals and machines how not
to be Man, the embodiment of Western logos. From the point of view of
pleasure in these potent and taboo fusions, made inevitablc by the social
relations of science and technology, there might indeed be a feminist
science.

CYBORGS: A MYTH OF POLITICAL IDENTITY
I want to conclude with a myth about identity and boundaries which might
inform late twentieth-century political imaginations (Plate 1). I am indebted
in this story to writers like Joanna Russ, Samuel R. Delany, John Varley,
James Tiptree, Jr, Octavia Butler, Monique Wittig, and Vonda McIntyre.Z3
These are our story-tellers exploring what it means to be embodied in
high-tech worlds. They are theorists for cyborgs. Exploring conceptions of
hodily boundaries and social order, the anthropologist Mary Douglas (1966,
1970) should be credited with helping us to consciousness about how
fundamental body imagery is to world view, and so to political language.
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French feminists like Luce lrigaray and Monique Wittig, for all their
differences, know how to write the body; how to weave eroticism, cosmology,
and politics from imagery of embodiment, and especially for Wittig, from
imagery of fragmentation and reconstitution of bodies. 2'
American radical feminists like Susan Griffin, Audre Lorde, and Adri-

enne Rich have profoundly affected our political imaginations - and perhaps
restricted too much what we allow as a friendly body and political
language.2S They insist on the organic, opposing it to the technological. But
their symbolic systems and the related positions of ecofeminism and feminist
paganism, replete with organicisms, can only be understood in Sandoval's
terms as oppositional ideologies fitting the late twentieth century. They
would simply bewilder anyone not preoccupied with the machines and
consciousness of late capitalism. In that sense they are part of the cyhorg
world. But there are also great riches for feminists in explicitly embracing the
possibilities inherent in the breakdown of clean distinctions between
organism and machine and similar distinctions structuring the Western self.
It is the simultaneity of breakdowns that cracks the matrices of domination
and opens geometric possibilities. What might be learned from personal and
political 'technological' pollution? I look briefly at two overlapping groups of
texts for their insight into the construction of a potentially helpful cyborg
myth: constructions of women of colour and monstrous selves in feminist
science fiction.
Earlier I suggested that 'women of colour' might be understood as a

cyborg identity, a potent subjectivity synthesized from fusions of outsider
identities and in the complex political-historical layerings of her
'biomythography', Zal7li (Lorde, 1982; King, 1987a, 1987b). There are
material and cultural grids mapping this potential, Audre Lorde (1984)
captures the tone in the title of her Sister Outsider. In my political myth,
Sister Outsider is the offshore woman, whom US workers, female and
feminized, are supposed to regard as the enemy preventing their solidarity,
threatening their security. Onshore, inside the boundary of the United
States, Sister Outsider is a potential amidst the races and ethnic identities of
women manipulated for division, competition, and exploitation in the same
industries. 'Women of colour' are the preferred labour force for the
science-based industries, the real women for whom the world-wide sexual
market, labour market, and politics of reproduction kaleidoscope into daily
life. Young Korean women hired in the sex industry and in electronics
assembly are recruited from high schools, educated for the integrated
circuit. Literacy, especially in English, distinguishes the 'cheap' female
labour so attractive to the multinationals.
Contrary to orientalist stereotypes of the 'oral primitive', literacy is a

special mark of women of colour, acquired by US black women as well as
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men through a history of risking death to learn and to teach reading and
writing. Writing has a special significance for all colonized groups. Writing
has been crucial to the Western myth of the distinction between oral and
written cultures, primitive and civilized mentalities, and more recently to the
erosion of that distinction in 'postmodernist' theories attacking the phallogo-
centrism of the West, with its worship of the monotheistic, phallic,
authoritative, and singular work, the unique and perfect name.26 Contests
for the meanings of writing are a major form of contemporary political
struggle. Releasing the play of writing is deadly serious. The poetry and
stories ofUS women of colour are repeatedly about writing, about access to
the power to signifY; but this time that power must be neither phallic nor
innocent. Cyborg writing must not be about the Fall, the imagination of a
once-upon-a-time wholeness before language, before writing, before Man.
Cyborg writing is about the power to survive, not on the basis of original
innocence, but on the basis of seizing the tools to mark the world that
marked them as other.
The tools are often stories, retold stories, versions that reverse and

displace the hierarchical dualisms ofnaturalized identities. In retelling origin
stories, cyborg authors subvert the central myths of origin of Western
culture. We have all been colonized by those origin myths, with their longing
for fulfilment in apocalypse. The phallogocentric origin stories most crucial
for feminist cyborgs are built into the literal technologies - technologies that
write the world, biotechnology and microelectronics - that have recently
textualized our bodies as code problems on the grid ofC3I. Feminist cyborg
stories have the task of recoding communication and intelligence to subvert
command and control.
Figuratively and literally, language politics pervade the struggles ofwomen

of colour; and stories about language have a special power in the rich
contemporary writing by US women ofcolour. For example, retellings of the
story of the indigenous woman Malinche, mother of the mestizo 'bastard'
race of the new world, master of languages, and mistress of Cortes, carry
special meaning for Chicana constructions of identity. Cherne Moraga
(1983) in Luvillg ill the War Yea" explores the themes of identity when one
never possessed the original language, never told the original story, never
resided in the harmony o[legitimate heterosexuality in the garden ofculture,
and so cannot base identity on a myth or a fall from innocence and right to
natural names, mother's or father's.z7 Moraga's writing, her superb literacy,
is presented in her poetry as the same kind of violation as Malinche's
mastery of the conqueror's language - a violation, an illegitimate production,
that allows survival. Moraga's language is not 'whole'; it is self-consciously
spliced, a chimera of English and Spanish, both conqueror's languages. But
it is this chimeric monster, without claim to an original language before
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violation, that crafts the erotic, competent, potent identities of women of
colour. Sister Outsider hints at the possibility of world survival not because
ofher innocence, but because ofher ability to live on the boundaries, to write
without the founding myth of original wholeness, with its inescapable
apocalypse of fmal return to a deathly oneness that Man has imagined to be
the innocent and all-powerful Mother, freed at the End from another spiral
of appropriation by her son. Writing marks Moraga's body, affirms it as the
body of a woman of colour, against the possibility of passing into the
unmarked category of the Anglo father or into the orientalist myth of
'original illiteracy' of a mother that never was. Malinche was mother here,
not Eve before eating the forbidden fruit. Writing affirms Sister Outsider,
not the Woman-before-the-Fall-into-Writing needed by the phallogocentric
Family of Man.

Writing is pre-eminently the technology of cyborgs, etched surfaces of the
late twentieth century. Cyborg politics is the struggle for language and the
struggle against perfect communication, against the one code that translates
all meaning perfectly, the central dogma of phallogocentrism. That is why
cyborg politics insist on noise and advocate pollution, rejoicing in the
illegitimate fusions of animal and machine. These are the couplings which
make Man and Woman so problematic, subverting the structure of desire,
the force imagined to generate language and gender, and so subverting the
structure and modes of reproduction of 'Western' identity, of nature and
culture, of mirror and eye, slave and master, body and mind. 'We' did not
originally choose to be cyborgs, but choice grounds a liberal politics and
epistemology that imagines the reproduction of individuals before the wider
replications of 'texts'.
From the perspective of cyborgs, freed of the need to ground politics in

'our' privileged position of the oppression that incorporates aU other
dominations, the innocence of the merely violated, the ground of those
closer to nature, we can see powerful pOSSibilities. Feminisms and Marxisms
have run aground on Western epistemological imperatives to construct a
revolutionary subject from the perspective of a hierarchy of oppressions
and/or a latent position of moral superiority, innocence, and greater
closeness to nature. With no available original d,eam of a common language
or original symbiosis promising protection from hostile 'masculine' separa-
tion, but written into the play of a text that has no finally privileged reading
or salvation history, to recognize 'oneself' as fully implicated in the world,
frees us of the need to root politics in identification, vanguard parties,
purity, and mothering. Stripped of identity, the bastard race teaches about
the power of the margins and the importance of a mother like Malinche.
Women of colour have transformed her from the evil mother of
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masculinist fear into the originally literate mother who teaches survival.
This is not just literary deconstruction, but liminal transformation. Every

story that begins with original innocence and privileges the return to
wholeness imagines the drama of life to be individuation, separation, the
birth of the self, the tragedy of autonomy, the fall into writing, alienation;
that is, war, tempered by imaginary respite in the bosom of the Other. These
plots are ruled by a reproductive politics - rebirth without flaw, perfection,
abstraction. In this plot women are imagined either better or worse off, but
all agree they have less selfbood, weaker individuation, more fusion to the
oral, to Mother, less at stake in masculine autonomy. But there is another
route to having less at stake in masculine autonomy, a route that does not
pass through Woman, Primitive, Zero, the Mirror Stage and its imaginary. It
passes through women and other present-tense, illegitimate cyborgs, not of
Woman born, who refuse the ideological resources of victimization so as to
bave a real life. These cyborgs are the people who refuse to disappear on
cue, no matter how many times a 'Western' commentator remarks on the sad
passing of another primitive, another organic group done in by 'Western'
technology, by writing.28 These real-life cyborgs (for example, the Southeast
Asian village women workers in Japanese and US electronics firms described
by Aihwa Ong) are actively rewriting the texts of their bodies and societies.
Survival is the stakes in this play of readings.
To recapitulate, certain dualisms have been persistent in Western tradi-

tions; they have all been systemic to the logics and practices of domination of
women, people of colour, nature, workers, animals - in short, domination of
all constituted as others, whose task is to mirror the self. Chief among these
troubling dualisms are self/other, mind/body, culture/nature, malelfemale,
civilized/primitive, reality/appearance, whole/part, agent/resource, maker/
made, active/passive, right/wrong, trutltlillusion, total/partial, God/man.
The self is the One who is not dominated, who knows that by the service of
the other, the other is the one who holds the future, who knows that by the
experience ofdomination, which gives the lie to the autonomy of the self. To
be One is to be autonomous, to be powerful, to be God; but to be One is to
be an illusion, and so to be involved in a dialectic of apocalypse with the
other. Yet to be other is to be multiple, without clear boundary, frayed,
insubstantial. One is too few, but two are too many.
High-tech culture challenges these dualisms in intriguing ways. It is not

clear who makes and who is made in the relation between human and
machine. It is not clear what is mind and what body in machines that resolve
into coding practices. In so far as we know ourselves in both formal discourse
(for example, biology) and in daily practice (for example, the homework
economy in the integrated circuit), we find ourselves to be cyborgs, hybrids,
mosaics, chimeras. Biological organisms have become biotic systems, com-
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munications devices like others. There is no fundamental, ontological
separation in our formal knowledge of machine and organism, of technical
and organic. The replicant Rachel in the Ridley Scott film Blade Rlmner
stands as the image of a cyborg culture's fear, love, and confusion.
One consequence is that our sense of connection to our tools is

heightened. The trance state experienced by many computer users has
become a staple of science-fiction fUm and cultural jokes. Perhaps paraple-
gics and other severely handicapped people can (and sometimes do) have the
most intense experiences of complex hybridization with other communica-
tion devices. lO Anne McCaffrey's pre-feminist The Ship Wlto Saltg (1969)
explored the consciousness of a cyborg, hybrid of girl's brain and complex
machinery, formed after the birth of a severely handicapped child. Gender,
sexuality, embodiment, skill: all were reconstituted in the story. Why should
our bodies end at the skin, or include at best other beings encapsulated by
skin? From the seventeenth century till now, machines could be animated-
given ghostly souls to make them speak or move or to account for their
orderly development and mental capacities. Or organisms could be mechan-
ized - reduced to body understood as resource of mind. These machine/
organism relationships are obsolete, unnecessary. For us, in imagination and
in other practice, machines can be prosthetic devices, intimate components,
friendly selves. We don't need organic holism to give impermeable whole-
ness, the total woman and her feminist variants (mutants?). Let me conclude
this poinl by a very partial reading of the logic of the cyborg monsters of my
second group of texts, feminist science fiction.
The cyborgs populating feminist science fiction make very problematic the

statuses of man or woman, human, artefact, member of a race, individual
entity, or body. Katie King clarifies how pleasure in reading these fictions is
not largely based on identification. Students facing Joanna Russ for the first
time, students who have learned to take modernist writers like James Joyce
or Virginia Woolf without flinching, do not know what to make of The
Adventures ofAlyx or The Female Malt, where characters refuse the reader's
search for innocent wholeness while granting the wish for heroic quests,
exuberant eroticism, and serious politics. The FemaleMalt is the story of four
versions of one genotype, all ofwhom meet, but even taken together do not
make a whole, resolve the dilemmas of violent moral action, or remove the
growing scandal of gender. The feminist science fiction of Samuel R.
Delany, especially Tales ofNeveryolt, mocks stories of origin by redoing the
neolithic revolution, replaying the founding moves ofWestern civilization to
subvert their plausibility. James Tiptree, Jr, an author whose fiction was
regarded as particularly manly until her 'true' gender was revealed, tells tales
of reproduction based on non-mammalian technologies like alternation of
generations of male brood pouches and male nurturing. John Varley
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constructs a supreme cyborg in his arch-feminist exploration of Gaea, a mad
goddess-planet-trickster-old woman-technological device on whose surface
an extraordinary array ofpost-cyborg symbioses are spawned. Octavia Butler
writes of an African sorceress pitting her powers of transfonnation against
the genetic manipulations of her rival (Wild Seed), of time warps that bring a
modem US black woman into slavery where her actions in relation to her
white master-ancestor determine the possibility of her own birth (Kiltdred),
and of the illegitimate insights into identity and community of an adopted
cross-species child who came to know the enemy as self (Survivor). In Dawlt
(1987), the first instalment ofa series called Xettogeltesis, Butler tells the story
of Lilith Iyapo, whose personal name recalls Adam's first and repudiated
wife and whose family name marks her status as the widow of the son of
Nigerian immigrants to the US. A black woman and a mother whose child is
dead, Lilith mediates the transformation of humanity through genetic
exchange with extra-terrestrial lovers/rescuers/destroyers/genetic en-
gineers, who reform earth's habitats after the nuclear holocaust and coerce
surviving humans into intimate fusion with them. It is a novel that
interrogates reproductive, linguistic, and nuclear politics in a mythic field
structured by late twentieth-century race and gender.
Because it is particularly rich in boundary transgressions, Vonda McIn-

tyre's Superlumiltal can close this truncated catalogue of promising and
dangerous monsters who help redefine the pleasures and politics of
embodiment and femirtist writing. In a fiction where no character is 'simply'
human, human status is highly problematic. Orca, a genetically altered diver,
can speak with killer whales and survive deep ocean conditions, but she longs
to explore space as a pilot, necessitating bionic implants jeopardizing her
kinship with the divers and cetaceans. Transformations are effected by virus
vectors carrying a new developmental code, by transplant surgery, by
implants of microelectronic devices, by analogue doubles, and other means.
Laenea becomes a pilot by accepting a heart implant and a host of other
alterations allowing survival in transit at speeds exceeding that oflight. Radu
Dracul survives a virus-caused plague in his outerworld planet to find
himself with a time sense that changes the boundaries of spatial perception
for the whole species. All the characters explore the limits of language; the
dream of communicating experience; and the necessity of limitation,
partiality, and intimacy even in this world of protean transformation and
connection. Superlumiltal stands also for the defining contradictions of a
cyborg world in another sense; it embodies textually the intersection of
feminist theory and colonial discourse in the science fiction I have alluded to
in this chapter. This is a conjunction with a long history that many
'First World' feminists have tried to repress, including myself in my
readings of Super/umiltal before being called to account by Zoe Sofoulis,



180 Simians, Cyborgs, and Women

whose different location in the world system's informatics of domin-
ation made her acutely alert to the imperialist moment of all science
fiction cultures, including women's science fiction. From an Australian
feminist sensitivity. Sofoulis remembered more readily McIntyre's
role as writer of the adventures of Captain Kirk and Spock in TV's
Star Trek series than her rewriting the romance in Super/liminal.
Monsters have always defined the limits of community in Western

imaginations. The Centaurs and Amazons of ancient Greece established the
limits of the centred polis of the Greek male human by their disruption of
marriage and boundary pollutions of the warrior with animality and woman.
Unseparated twins and hermaphrodites were the confused human material
in early modern France who grounded discourse on the natural and
supernatural, medical and legal, portents and diseases - all crucial to
establishing modern identity.30 The evolutionary and behavioural sciences of
monkeys and apes have marked the multiple boundaries of late twentieth-
century industrial identities. Cyborg monsters in feminist science fiction
define quite different political possibilities and limits from those proposed by
the mundane fiction of Man and Woman.
There are several consequences to taking seriously the imagery of cyborgs

as other than our enemies. Our bodies, ourselves; bodies are maps ofpower
and identity. Cyborgs are no exception. A cyborg body is not innocent; it was
not born in a garden; it does not seek unitary identity and so generate
antagonistic dualisms without end (or until the world ends); it takes irony for
granted. One is too few, and two is only one possibility. Intense pleasure in
skill, machine skill. ceases to be a sin, but an aspect of embodiment. The
machine is not an it to be animated, worshipped, and dominated. The
machine is us, our processes, an aspect of our embodiment. We can be
responsible for machines; the,y do not dominate or threaten us. We are
responsible for boundaries; we are they. Up till now (once upon a time).
female embodiment seemed to be given. organic, necessary; and female
embodiment seemed to mean skill in mothering and its metaphoric exten-
sions. Only by being out ofplace could we take intense pleasure in machines.
and then with excuses that this was organic activity after all, appropriate to
females. Cyborgs might consider more seriously the partial, fluid, someumes
aspect of sex and sexual embodiment. Gender might not be global identity
after all, even if it has profound historical breadth and depth.
The ideologically charged question of what counts as daily activity, as

experience, can be approached by exploiting the cyborg image. Feminists
have recently claimed that women are given to dailiness, that women more
than men somehow sustain daily life, and so have a privileged epistemo-
logical position potentially. There is a compelling aspect to this claim, one
that makes visible unvalued female activity and names it as the ground of life.
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But the ground of life? What about all the ignorance of women. all the
exclusions and failures of knowledge and skill? What about men's access to
daily competence, to knowing how to build things, to take them apart, to
play? What about other embodiments? Cyborg gender is a local possibility
taking a global vengeance. Race, gender, and capital require a cyborg theory
ofwholes and parts. There is no drive in cyborgs to produce total theory, but
there is an intimate experience of boundaries, their construction and
deconstruction. There is a myth system waiting to become a political
language to ground one way of looking at science and technology and
ehallenging the informatics of domination - in order to act potently.
One last image: organisms and organismic, holistic politics depend on

metaphors of rebirth and invariably call on the resources of reproductive sex.
1would suggest that cyborgs have more to do with regeneration and are
suspicious of the reproductive matrix and ofmost birthing. For salamanders,
regeneration after injury, such as the loss of a limb. involves regrowth of
structure and restoration of function with the constant possibility of twinning
or other odd topographical productions at the site of former injury. The
regrown limb can be monstrous, duplicated, potent. We have all been
injured, profoundly. We require regeneration, not rebirth, and the possibili-
ties for our reconstitution include the utopian dream of the hope for a
monstrous world without gender.
Cyborg imagery can help express two crucial arguments in this essay: first.

the production of universal, totalizing theory is a major mistake that misses
most of reality, probably always. but certainly now; and second, taking
responsibility for the social relations of science and technology means
refusing an anti-science metaphysics, a demonology of technology, and so
means embracing the skilful task of reconstructing the boundaries of daily
Iifc, in partial connection with others, in communication with all ofour parts.
It is not just that science and technology are possible means of great human
satisfaction, as well as a matrix of complex dominations. Cyborg imagery can
suggest a way out of the maze of dualisms in which we have explained our
bodies and our tools to ourselves. This is a dream not of a common
language, but of a powerful infidel heteroglossia. It is an imagination of a
feminist speaking in tongues to strike fear into the circuits of the super-
savers of the new right. It means both building and destroying machines,
identities, categories, relationships, space stories. Though both are bound in
the spiral dance, I would rather be a cyborg than a goddess.
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political, as opposed to the grammatical, lexicon, The of race - it is
always and totally an arbitrary, culrural construction - can be emphasized from the lack
of a linguistic marker. But, as easily, the total collapse of the category of race into
biologism is linguistically invited, All these matters continue to hinge on unexamined
functioning of the productionist, Aristotelian logic fundamental to so much Western
discourse. In this linguistic, political, and historical matrix, matter and fonn, act and
potency, raw material and achieved product play out their escalating dramas of
production and appropriation. Here is where subjects and objects get born and endlessly
reincarnated,
Although not murually exclusive, the language of 'gender' in Euro-American feminist
discourse usually is the language of 'sexed subject position' and 'sexual difference' in
European writing, For British Marxist feminism on the 'sexed subject in patriarchy', see
Kuhn and Wolpe (1978), Marxist-Feminist Literature Collective (1978), Brown and
Adams (1979), the journal mlf, Barrett (1980). Gennan socialist-feminist positions on
sexualization have stressed the dialectic of women's self-constructing agency, already
strucrured social determinations, and partial restrueturings. This Iiterarure examines
how women construct themselves into existing in order to find the point
where change might be possible. If women are theorized as passive victims of sex and
gender as a system of domination, no theory of liberation will be possible. So social
constructionism on the question of gender must not be allowed to become a theory of
closed detenninism (Haug, 1980, 1982; Haug et ai" 1983, 1987; Moufre, 1983).
Looking for a theory of experience, of how women actively embody themselves, the
women in the collective writing the Fraurnformrn publications insisted on a descriptive!
theoretical practice showing 'the ways we live ourselves in bodily tenns' (Haug el aI"
1987, p. 30). They evolved a method called 'memory work' that emphasizes collectively
criticized, written narratives about 'a stranger', a past 'remembered' self, while
problematizing the self-deluding assumptions of autobiography and other causal
accounts, The problem is to account for the emergence of 'the sexual itself as the
process that produces the insertion of women into, and their subordination within,
determinate social practices' (p. 33). Ironically, self-constituted as sexualized, as woman,
women cannot be accountable for themselves or society (p. 27). Like all the theories of
sex, sexuality, and gender surveyed in this effort to write for a standard reference work
that inevitably functions to canonize some meanings over others, the Frauro/onnen
versions insist on gender as a gerund or a verb, rather than a finished noun, a
substantive, For feminists, gender means making and unmaking 'bodies' in a contestable
world; an account of gender is a theory of experience as signifYing and significant
embodiment.
Joan Scott (1988, pp. 28-50) wrote an incisive treattDent of the development of gender
as a theoretical category in the discipline ofhistory. She noted the long history ofplay on
the grammatical gender difference for making figurative allusions to sex or character (p.
28). Scott quoted as her epigram Dictionary ofModem English Usage's insistence
that to use gender to mean the male or female sex was either a mistake or a joke. The
ironies in this injunction abound, One benefit of the inheritance of feminist uses of
gender from grammar is that, in that domain, 'gender is understood to be a way of
classifying phenomena, a socially agreed-upon system of distinctions, rather than an
objective description of inherent traits' (p. 29).
See Coward (1983, chs 5 and 6) for a thorough discussion of the concepts of the family
and the woman question in Marxist thought from 1848 to about 1930,
Rubin (1975), Young and Levidow (1981), Harding (1983,1986), Harrsock (1983', b),
H.rnnann (1981), O'Brien (1981), Chodorow (1978), J.ggnr (1983).

7 See The Woman Question (1951); Marx and Aveling (1885-6); Kollontai (1977),
8 To sample the uses and criticisms, see Sayers (1982), Hubbard et al. (1982), Bleier

(1984, 1986), Fausto-Sterling (1985), Kessler and McKenna (1978), Thome and
Henley (1975), West and Zimmermann (1987), Morawski (1987), Brighton Women and
Science Group (1980), Lowe and Hubbard (1983), Lewontin el aJ. (1984).

9 Several streams of European feminisms (some disavowing the name) were born after the
events of May '68. The stream drawing from Simone de Beauvoir's fonnulations,
especially work by Monique Wittig, Monique Plaza, Colette Guillaumin, and Christine
Delphy, published inQuestionsJanitiisles, Nouvelles questionsfiministes, and Faninist Issues,
and the stream associated complexly with the group 'Psychanalyse et Politique' and/or
with Julia Kristeva, Luce trigaray, Sarah Kofman, and Cixous have been
particularly influential in international feminist development on issues of
difference. (For introductory summaries, Bee Marks and de Courtivron, 1980; Gallop,

Moi, 1985; Duchen, 1986). These streams deserve large, separnte treabnents; but
in the context of this entry two contributions to theories of 'gender' from these writers,
who are deeply opposed among themselves on precisely these issues, must be signalled.
First, there are Wittig's and Delphy's arguments for a materialist feminism, which insist
that the issue is 'domination', not 'difference', Second, there are Irigaray's, Kristeva's,
and Cixous's various ways (intertextually positioned in relation to Derrida, Lacan and
others) of insisting that the subject, which is perhaps best approached through writing
and texruality, is always in process, always disrupted, that the idea of woman remains
finally unclosed and multiple, Despite their important opposition between and within the
francophone streams, all these theorists are possessed with flawed, contradictory, and
critical projects of denaturalization of 'woman'.

10 SmiIh (1974), Flax (1983), O'Brien (1981), Rose, H. (1983, 1986), Harding (1983).
I I Similarly, it is an error to equate 'race' with people of colour; whiteness is a racial

construction as well, invisible as such because of its (like man's) occupation of the
unmarked category (Frankenberg, 1988; Carby, 1987, p, 18; Haraway, 1989b, pp. 152,
4°1-2),

12 See, for example, Ware (1970); Combahee River Collective (J979); Bethel and Smith
(1979); Joseph and Lewis (1981); hooks (1981, 1984); Moraga and Anzaldua (1981);
Davis (1982); Hull et af. (1982); Lorde (1982, 1984); Aptheker (I982); Moraga (J983);
Walker (1983); SmiIh (1983); Bulkin "al. (1984); Sandoval (n.d.); Christian (1985);
Giddings (1985); Anzaldua (1987); Carby (1987); SpilJe.s (1987); Collins (1989')'
1989b); Hurtado (1989).

8 A Cyborg Manifesto: Science, Technology, and
Socialist-Feminism in the Late Twentieth Century
Research was funded by an Academic Senate Faculty Research Grant from the
University of California, Santa Cruz, An earlier version of the paper on generic
engineering appeared as 'Lieber Kyborg als Gattin: fUr eine sozialistisch-feministische
UntelWanderung der Gentechnologie', in Lange and Anna Marie Stuby,
cds, Berlin: Argument-Sonderband 105, 1984, pp 66-84, The cyborg manifesto grew
from my 'New machines, new bodies, new communities: political dilemmas of a cyborg
feminist', 'The Scholar and the Feminist X: The Question ofTechnology', Conference,
Barnard College, April 1983.
The people associated with the History of Consciousness Board of UCSC have had

an enonnous influence on this paper, so that it feels collectively authored more than
most, although those I cite may not recognize their ideas. In particular, members of



244 Simians, Cyborgs, and Women

graduate and undergraduate feminist meory, science, and politics, and theory and
methods courses contributed to the cyborg manifesto. Particular debts here are due
Hilary Klein (t989), Paul Edwards (1985), Lisa Lowe (1986), and James Clifford
(1985).
Parts of the paper were my contribution to a collectively developed session, IPoetic

Tools and Political Bodies: Feminist Approaches to High Technology Culture', 1984
California American Studies Association, with History of Consciousness graduate
students Zoe Sofoulis, 'Jupiter space'; Katie King, 'The pleasures of repetition and the
limits of identification in feminist science fiction: reimaginations of the body after the
cyborg'; and Chela Sandoval, 'The construction of subjectivity and oppositional
consciousness in feminist fUm and video'. Sandoval's (n.d.) theory of oppositional
consciousness was published as 'Women respond to racism: A Report on the National
Women's Studies Association Conference'. For Sofoulis's semiotic-psychoanalytic
readings of nuclear culture, see Sofia (1984). King's unpublished papers ('Questioning
tradition: canon formation and the veiling of power'; IGender and genre: reading the
science fiction ofJoanna Russ'; 'Varley's Titan and Wizard: feminist parodies of nature,
culture, and hardware') deeply informed the cyborg manifesto.
Barbara Epstein, Jeff Escoffier, Rusten Hogness, and Jaye Miler gave extensive

discussion and editorial help. Members of the Silicon Valley Research Project ofUCSC
and participants in SVRP conferences and workshops were very important, especially
Rick Gordon, Linda Kimball, Nancy Snyder, Langdon Winner, Judith Stacey, Linda
Lim, Patricia Fernandez-Kelly, and Judith Gregory. Finally, I want to thank Nancy
Hartsock for years of friendship and discussion on feminist theory and feminst science
fiction. I also thank Elizabeth Bird for my favourite political button: 'Cyborgs for Eanhly
Survival'.

2 Useful references [Q left and/or feminist radical science movements and theory and to
biological/biotechnical issues include: Bleier (1984, 1986), Harding (1986), Fausto-
Sterling (1985), Gould (1981), Hubbard et al. (1982), Keller (1985), Lewontin el 01.
(1984), Radiml ScienceJournal (became Science as Culture in 1987), 26 Freegrove Road,
London N7 9RQ; Science for the People, 897 Main St, Cambridge, MA 02139.

3 Starting points for left and/or feminist approaches to technology and politics include:
Cowan (1983), Rothschild (1983), Traweek (1988), Young and Levidow (1981, 1985),
Weizenbaum (1976), Winner (1977, 1986), Zimmfrmn (1983), Athanasiou (1987),
Cohn (1987a, Ig87b), Winograd and Flores (1986), Edwards (1985). Global Electronics
Newsletter, 867 West Dana St, #2°4, Mountain View, CA 94°41; Processed World, 55
Suner St, San Francisco, CA 94104: ISIS, Women's International Information and
Communication Service, PO Box 50 (Cornavin), 121 I Geneva 2, Switzerland, and Via
Santa Maria Dell'Anima 30, 00186 Rome, Italy. Fundamental approaches to modem
social studies of science that do not continue the liberal mystification that it all started
with Thomas Kuhn, include: Knorr-Cetina (1981), Knorr-Cetina and Mulkny (1983),
Latour and Woolgar (1979), Young (1979). The 1984 Directory of the Network for the
Ethnographic Study of Science, Technology, and Organizations lists a wide range of
people and projects crucial to better radical analysis; available from NESSTO, PO Box
11442, Stanford, CA 94305.

4 A provocative, comprehensive argument about the politics and theories of'postmodem-
ism' is made by Fredric Jameson (1984), who argues that posnnodernism is not an
option, a style among others, but a cultural dominant requiring radical reinvention ofleft
politics from within; there is no longer any place from without that gives meaning to the
comforting fiction ofcritical distance. Jameson also makes clear why one cannot be for or
against posunodernism, an essentially moralist move. My position is that feminists (and
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others) need continuous cultural reinvention, postmodernist critique, and historical
materialism; only a cyborg would have a chance. The old dominations ofwhite capitalist
patriarchy seem nostalgically innocent now: they normalized heterogeneity, into man
and woman, white and black, for example. 'Advanced capitalism' and postmodernism
release heterogeneity without a norm, and we are flattened, without subjectivity, which
requires depth, even unfriendly and drowning depths. It is time to write The Death oflhe
Clinic. The clinic's methods required bodies and works; we have texts and surfaces. Our
dominations don't work by medicalization and normalization any more; they work by
networking, communications redesign, stress management. Normalization gives way to
automation, utter redundancy. Michel Foucault's Birth of the Clinic (1963), Hislory of
Sexuality (1976), and Discipline and Punish (1975) name a fonn ofpower at its moment of
implosion. The discourse of biopolitics gives way to technobabble, the language of the
spliced substantive; no noun is left whole by the multinationals. These are their names,
listed from one issue of Science: Tech-Knowledge, Genentech, Allergen, Hybritech,
Compupro, Genen-cor, Syntex, A1lelix, Agrigenetics Corp., Syntro, Codon, Repligen,
MicroAngelo from Scion Corp., Percom Data, Inter Systems, Cyborg Corp., Statcom
Corp., Intertec. If we are imprisoned by language, then escape from that prison-house
requires language pocts, a kind of cultural restriction enzyme to cut the code; cyborg
heteroglossia is one fonn of radical cultural politics. For cyborg poetry, see Perloff
(1984); Fraser (1984). For feminist modernistlpostmodernist 'cyborg' writing, see
HOW(ever), 871 Corbett Ave, San Francisco, CA 94131.
Baudrillard (1983). Jameson (1984, p. 66) points out that Plato's definition of the
simulacrum is the copy for which there is no original, i.e., the world of advanced
capitalism, of pure exchange. See Discourse 9 (Spring/Summer 1987) for a special issue
on technology (cybernetics, ecology, and the postmodem imagination).
For ethnographic accounts and political evaluations, see Epstein (forthcoming),
Sturgeon (1986). Without explicit irony, adopting the spaceship earth/whole earth logo
of the planet photographed from space, set off by the slogan 'Love Your Mother', the
May 1987 Mothers and Others Day action at the nuclear weapons testing facility in
Nevada none the less took account of the tragic contradictions of views of the earth.
Demonstrators applied for official permits to be on the land from officers of the Western
Shoshone tribe, whose territory was invaded by the US government when it built the
nuclear weapons tcst ground in the 1950S. Arrested for trespassing, the demonstrators
argued that the police and weapons facility personnel, without authorization from the
proper officials, were the trespassers. One affinity group at the women's action called
themselves the Surrogate Others; and in solidarity with the creatures forced to tunnel in
the same ground with the bomb, they enacted a cyborgian emergence from the
constructed body of a large, non-heterosexual desert worm.
Powerful developments of coalition politics emerge from 'Third World' speakers,
speaking from nowhere, the displaced centre of the universe, earth: 'We live on the third
planet from the sun' - Sun Poem byJamaican writer, Edward Kamau Braithwaite, review
by Mackey (1984). Contributors to Smith (1983) ironically subvert naturalized identities
precisely while constructing a place from which to speak called home. See especially
Reagan (in SmiIh, '983, pp. 351'>-68). Trinh T. Minh-ha ('981'>-87).
hooks (1981, 1984); Hull et al. (1982). Bambara (1981) wrote an extraordinary novel in
which the women of colour theatre group, The Seven Sisters, explores a form of unity.
See analysis by Butler-Evans (1987).
On orientalism in feminist works and elsewhere, see Lowe (1986); Said (1978);
Mohanty (1984); Many Voices, One Chanl: Bltuk Femillist Pmpedives (1984).
Katie King (1986, 1987a) has developed a theoretically sensitive treatment of the
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workings of feminist taxonomies as genealogies of power in feminist ideology and
polemic_ King examines Jaggar's (1983) problematic example of taxonomizing femin-
isms to make a little machine producing the desired final position. My caricature here of
socialist and radical feminism is also an example.
The central role of object relations versions of psychoanalysis and related strong
universalizing moves in discussing reproduction, caring work, and mothering in many
approaches to epistemology underline their authors' resistance to what I am calling
postmodemism. For me, both the universaliZing moves and these versions of
psychoanalysis make analysis of 'women's place in the integrated circuit' difficult and
lead to systematic difficulties in accounting for or even seeing major aspects of the
construction of gender and gendered social life. The feminist standpoint argument has
been developed by: Flax (1983), Harding (1986), Harding and Hinrtkka (1983)1
Hartsock (1983a, b), O'Brieo (1981), Rose (1983), Smith (1974, 1979). For rethinking
theories of feminist materialism and feminist slllndpoints in response to criticism, see
Harding (1986, pp. 163-96), Hartsock (1987), and H. Rose (1986).
I make an argumentative category error in 'modil)ring' MacKinnon's positions with the
qualifier 'radical', thereby generating my own reductive critique of e":trcmely hetero-
geneous writing, which does explicitly use that label, by my taxonomically interested
argument about writing which does not use the modifier and which brooks no limits and
thereby adds to the various dreams of a common, in the sense of univocal, language for
feminism_ My category error was occasioned by an assignment to write from a particular
taxonomic position which itself has a heterogeneous history, socialist-feminism, for
Socialist Review. A critique indebted to MacKinnon, but without the reductionism and
with an elegant feminist account of Foucault's paradOXical conservatism on sexual
violence (rape), is de Lauretis (1985; see also 1986, pp. 1-19). A theoretically elegant
feminist social-historical examination of family violence, that insists on women's, men's,
and children's complex agency without losing sight of the material structures of male
domination, race, and class, is Gordon (1988).
This chart was published in 1985. My previous efforts to understand biology as a
cybernetic command-control discourse and organisms as 'natural-technical objects of
knowledge' were Haraway (1979,1983, 1984). The 1979 version of this dichotomous
chart appears in this vol., ch. 3; for a 1989 version, see ch. 10. The differences indicate
shifts in argument.
For progressive analyses and action on the biotechnology debates: GeneWatch, aBullltin
of the Committee.fOr Responsible Genetics, 5 Doane St, 4th Floor, Boston, MA 02109;
Genetic Screening Smdy Group (formerly the Sociobiology Study Group ofScience for
the People), Cambridge, MA; Wright (198z, 1986); Yoxen (1983).
Starting references for 'women in the integrated circuit': D'Onofrio-Flores and Pfamin
(1982), Fernandez-Kelly (1983), Fuentes and Ehrenreich (1983), Grossman (1980),
Nash and Fernandez-Kelly (1983), Ong (1987), Science Policy Research Unit (1982).
For the 'homework economy outside the home' and related arguments: Gordon (1983);
Gordon and Kimball (1985); Stacey (1987); Reskin and Hartmann (1986); Womm and
Puverty (1984); S. Rose (1986); Collins (198z); Burr (198z); Gregory and Nussbaum
(1982); Piven and Coward (1982)j Microelectronics Group (1980); Stallard et af. (1983)
which includes a useful organization and resource list.
The conjunction of the Green Revolution's social relations with biotechnologies like
plant genetic engineering makes the pressures on land in the Third World increasingly
intense. AID's estimates (NaP York Times, 14 October 1984) used at the 1984 World
Food Day are that in Africa, women produce about 90 per cent of rural food supplies,
about 60-80 per cent in Asia, and provide 40 per cent of agricultural labour in the Near

East and Latin America. Blumberg charges that world organizations' agricultural
politics, as well as those ofmultinationals and national governments in the Third World,
generally ignore fundamental issues in the sexual division oflabour. The present tragedy
of famine in Africa might owe as much [0 male supremacy as to capillllism, colonialism,
and rain patterns. More accurately, capitalism and racism are usually structurally male
dominanL See also Blumberg (lg81); Hacker (1984); Hacker and Bovit (1981); Busch
and Lacy (1983); Wilfred (1982); Sachs (lg83); Intemational Fund for Agricultural
Development (1985); Bird (1984).

18 See also Enloe (198Ja, b).
19 For a feminist version of this logic, see Hrdy (lg81). For an analysis of scientific

women's story-telling practices, especially in relation to sociobiology in evolutionary
debates around child abuse and infanticide, see this vol., ch. 5.

20 For the moment of transition of hunting with guns to hunting with cameras in the
construction of popular meanings of nature for an American urban immigrant public,
see Haraway (1984-5, 1989b), Nash (1979), Sonlllg (1977), PreSIon (1984).

2I For guidance for thinking about the politicaVculturallracial implications of the history of
women doing science in the United States see: Haas and Perucci (1984); Hacker (1981);
Keller (1983); National Science Foundation (1988); Rossiter (1982); Schiebinger
(1987); Haraway (1989b).

22 Markoff and Siegel (1983). High Technology Professionals for Peace and Computer
Professionals for Social Responsibility are promising organizations.

23 King (1984). An abbreviated list of feminist science fiction underlying themes of this
essay: Octavia Butler, Wild Seed, Mind ojMy Mind, Kindred, Suroivor; Suzy McKee
Chamas, Motherliness; Samuel R. Delany, the Neveryon series; Anne McCaffery, The
Ship Who Sang, Dinosaur Planet; Vonda McIntyre, Superluminal, Dreamsnake; Joanna
Russ, Adventures ojAlix, The FemaleMan; James Tiptree,Jr, Star Song! ofan Old Pn-mate,
Up the Walls ofthe World; John Varley, Titan, Wizard, Demon.

24 French feminisms contribute to cyborg heteroglossia. Burke (1981); Irigaray (1977,
1979); Marks and de Courtivron (1980); Signs (Autumn 1981); Wittig (1973); Duchen
(t986). For English translation of some currents offrancophone feminism see Feminist
lsmes: A Journal ofFeminist Social and Poil)ical Theory, 1980.

25 But all these poets are very complex, not least in their treatment of themes of lying and
erotic, decentred collective and personal identities. Griffin (1978), Lorde (1984), Rich
(1978).

26 Derrida (t 976, especially part II); Levi-Strauss (196 I, especially 'The Writing Lesson');
Gates (1985); Kahn and Neumaier (1985); Ong (1982); Kramarae and Treichler
(1985).

27 The sharp relation of women of colour to writing as theme and politics can be
approached through: Program for 'The Black Woman and the Diaspora: Hidden
Connections and ulended Acknowledgments', An International Literary Conference,
Michigan State University, October 1985; Evans (1984); Christian (1985); Carby
(1987); Fisher (1980); Frontim (1980,1983); Kingston (1977); Lerner (1973); Giddings
(1985); Moraga and Anzaldua (1981); Morgan (1984). Anglophone European and
Euro-American women have also crafted special relations to their writing as a potent
sign: Gilbert and Gubar (1979), Russ (1983).

28 The convention of ideologically taming militarized high technology by publicizing its
applications to speech and motion problems of the disabled/differently abled takes on a
special irony in monotheistic, patriarchal, and frequently anti-semitic culture when
computer-generated speech allows a boy with no voice to chant the Haftorah a[ his bar
mitzVah. See Sussman (1986). Making the always context-relative social definitions of
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'ableness' particularly clear, military high-tech has a way of making human beings
disabled by definition, a perverse aspect of much automated battlefield and Star Wars
R&D. See Welford (I July 1986).

29 James Clifford (198S, 1988) argues persuasively for recognition of continuous cultural
reinvention, the stubborn non-disappearance of those 'marked' by Western imperinliz-
ing practices.

30 DuBois (1982), Dnstan and Park (n.d.), Park and Daston (19BI). The noun mOtlJ1(r
shares its root with the verb 10 demonstrate.

9 Situated Knowledges: The Science Question in Feminism
and the Privilege ofPartial Perspective
This chapter originated as a commentary on Harding (lg86), at the Western Division
meetings of the American Philosophical Association, San Francisco, March 1987.
Support during the writing of this paper was generously provided by the Alpha Fund of
the Institute for Advanced Study, Princeton, New Jersey. Thanks especially to Joan
Scott, Rayna Rapp, Judy Newton, Judy Butler, Lila Abu-Lughod, and Dorinne Kondo.

2 For example, see Knorr-Cetina and Mulkay (lg83); Bijker et al. (lg87); and especially,
Latour (1984, 1988). Borrowing from Michel Tournier's Vendredi (I967), Latour's
brilliant and maddening aphoristic polemic against all [onns of reductionism makes lhe
essential point for feminists: 'Mefiez-vous de 13 purete; c'est Ie vitriol de ('arne' (Latour,
1984, p. 171). Latour is not otherwise a notable feminist theorist, but he might be made
into one by readings as perverse as those he makes of the laboratory, that great machine
for making significant mistakes faster than anyone else can, and so gaining world-
changing power. The laboratory for Latour is the railroad industry of epistemology,
where faclS can only be made to run on the tracks laid down from the laboratory our.
Those who control the railroads control the surrounding territory. How could we have
forgotten? But now it's not so much the bankrupt railroads we need as the satellite
network. Facts run on Iightbeams these days.

3 For an elegant and very helpful elucidation of a non-Cartoon version of this argument,
see White (lg87). I still want more; and unfulfilled desire can be a powerful seed for
changing the stories.

4 In her analysis exploring the fault line between modernism and postmodernism in eth-
nography and anthropology - in which the high stakes are the authorization or prohibition
to craft comparative knowledge across 'cultures', from some epistemologically grounded
vantage point either inside, outside, or in dialogical relation with any unit of analysis -
Marilyn Strathern (lg87a) made the crucial observation that it is not the written ethno-
graphy that is parallel to the work of art as object-of-knowledge, but the culture. The
Romantic and modernist nawral-technical objects ofknowledge, in science and in other
cultural practice, stand on one side of this divide. The postmodernist fonnation stands
on the other side, with its 'anti-aesthetic' of pennanendy split, problematized, always
receding and deferred 'objects' of knowledge and practice, including signs, organisms,
systems, selves, and cultures. 'Objectivity' in a postmodern frame cannot be about
unproblematic objects; it must be about specific prosthesis and translation. Objectivity,
which at root has been about crafting comparative knowledge (how to name things to be
stable and to be like each other), becomes a question of the politics of redrawing of
boundaries in order to have non-innocent conversations and connections. What is at
stake in the debates about modernism and postmodernism is the pattern of relationships
between and within bodies and language.
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Zoe Sofoulis (1988) has produced a dazzlingly (she will forgive me the metaphor)
theoretical treatment of technoscience, the psychoanalysis ofscience fiction culture, and
the metaphorics of extra-terrestrialism, including a wonderful focus on the ideologies
and philosophies of light, illumination, and discovery in Western mythics of science and
technology. My essay was revised in dialogue with Sofoulis's arguments and metaphors
in her PhD dissertation.
Crucial to this discussion are Harding (1986), Keller (198S), Hartsock (1983a, 1983b),
Flax (1983,1987), Keller and Grontkowski (1983), H. Rose (1986), Haraway (198S; this
vol. pp. 149-81), and Pelchesky (1987).
John Varley's science fiction short story called 'The Persistence ofVision' is part of the
inspiration for this section. In the story, Varley constructs a utopian community designed
and built by the deaf-blind. He then explores these people's technologies and other
mediations ofcommunication and their relations to sighted children and visitors (Varley.
1978). In IBlue Champagne', Varley (1986) transmutes the theme to interrogate the
politics of intimacy and technology for a paraplegic young woman whose prosthetic
device, the golden gypsy, allows her full mobility. But since the infinitely costly device is
owned by an intergalactic communications and entertainment empire for which she
works as a media star making lfeelies', she may keep her technological, intimate,
enabling, other self only in exchange for her complicity in the commodification of all
experience. What are her limits to the reinvention of experience for sale? Is the personal
political under the sign of simulation? One way to read Varley's repeated investigations
of finally always limited embodiments, differently abled beings, prosthetic technologies,
and cyborgian encounters with their finitude despite their extraordinary transcendence
of 'organic' orders is to find an allegory for the personal and political in the historical
mythic time of the late twentieth century, the era of techno-biopolitics. Prosthesis
becomes a fundamental category for understanding our most intimate selves. Prosthesis
is semiosis, the making of meanings and bodies, not for transcendence but for
power-charged communication.
lowe my understanding of the experience of these photographs to Jim Clifford,
University of California at Santa Cruz, who identified their 'land hoI' effect on the
reader.
Joan Scott reminded me that Teresa de Lauretis (1986a, pp. 14-IS) put it like this:

Differences among women may be better understood as differences within women
... But once understood in their constitutive power - once it is understood, that is,
that these differences not only constitute each woman's consciousness nnd subjective
limits but all together define the female subject offeminism in its very specificity, its
inherent and at least for now irreconcilable contradiction - these differences, then,
cannot be again collapsed into a flxed identity, a sameness of all women as Woman,
or a representation of Feminism as a coherent and available image.

Harding (1986, p. 18) suggested that gender has three dimensions, each historically
specific: gender symbolism, the social-sexual division of labour, and processes of
constructing individual gendered identity. I would enlarge her point to note that there is
no reason to expect the three dimensions to co-vary or co-detenninc each other, at least
not directly. That is, extremely steep gradients between contrasting tenns in gender
symbolism may very well not correlate with sharp social-sexual divisions of labour or
social power, but may be closely related to sharp racial stratification or something else.
Similarly, the processes of gendered subject fonnation may not be directly illuminated
by knowledge of the sexual division of labour or the gender symbolism in the particular
historical situation under examination. On the other hand, we should expect mediated
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systematically fonn the objects ofwhich they speak' (Foucauh, 1972, p. 49). The family
relation between structuralism and rationalism is something I will avoid for now.
Emily Martin has begun a three-year fieldwork project on networks of immunological
discourse in laboratories, the media, and among people with and without AIDS.
Mice and 'men' are constantly associated in immune discourse because these sibling
animal bodies have been best characterized in the immunological laboratory. For
example, the Major Histocompatibility Complex (MHC), a complex of genes that
encodes a critical array of surface markers involved in almost all of the key immune
response recognition events, is well characterized for each species. The complex is
called the Hz locus in the mouse and the HLA locus in humans. The MHC codes for
what wiD be recognized as 'self'. The locus is critically involved in 'restriction' of
specificities. Highly polygenic and polyallelic, the MHC may be the main system
allowing discrimination between self and non-self. 'Non-self' must be presented to an
immune system cell 'in the context of self'j that is, associated with the surface markers
coded by the ¥HC. Comparative studies of the antigens of the MHC with the
molecular structures of other key actors in the immune response (antibodies, T cell
differentiation antigens) have led to the concept of the 'immunoglobulin superfamilY',
characterized by its extensive sequence homologies that suggest an evolutionary
elaboration from a common genic ancestor (Golub, Ig87, pp. 202-33). The conceptual
and laboratory tools developed to construct knowledge of the MHC are a microcosm for
understanding the apparatus ofproduction of the bodies of the immune system. Various
antigens coded by the MHC confer 'public' or 'private' specificities, terms which
designate degrees ofshared versus differentiating antigens against a background ofdose
genetic similarity, but not identity. Immunology could be approached as the science
constructing such language-like 'distinguishing features' of the organic communications
system. Current research on 'tolerance' and the ways thymic cells (T cells) 'educate'
other cells about what is and is not 'selr led the biologist, Scott Gilben, to ask if that is
immunology's equivalent of the injunction to know 'thy-self' (personal communication).
Reading immunological language requires both extreme literal-mindedness and a taste
for troping. Jennifer Terry examined AIDS as a 'trop(olog)ical pandemic' (unpublished
paper, vesC).
It is not just imagers of the immune system who learn from military culturesj military
cultures draw symbiotically on immune system discourse, just as strategic planners draw
directly from and contribute to video game practices and science fiction. For example, in
Military Reviav Colonel Frederick Timmerman argued for an elite corps ofspecial strike
force soldiers in the army of the future in these teons:

The most appropriate example to describe how this system would work is the most
complex biological model we know - the body's immune system. Within the body
there exists a remarkably complex corps of internal bodyguards. In absolute numbers
they are small - only about one percent of the body's cells. Yet they consist of
reconnaissance specialists, killers, reconstitution specialists, and communicators that
can seek out invaders, sound the alarm, reproduce rapidly, and swann to the attack to
repel the enemy ... In this regard, the June Ig86 issue of National Geographic
contains a detailed account of how the body's immune system functions. (Timmer-
man, Ig87, p. 52)
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The Techno-Structures of Society

Gernot B&ouml;hme

INTRODUCTION

When philosophy paints its grey in grey, then has a shape
of life grown old. The owl of Minerva spreads its sings only
with the falling of the dusk. (Hegel, Philosophy of Right,
Preface.)

According to this famous quotation from Hegel, philosophy arrives
late on the scene. I ask myself whether sociology does not come even
later, perhaps too late. If the desideratum of a sociology of technology
was first voiced in 1982’ and sociological research on technology has only
recently been established, then sociology really is too late. Of course,
in a certain respect there has been a sociology of technology for a long
time, at least since Marx in the traditional sense of &dquo;Technology and
Social Change&dquo;. Traditionally, technology has been viewed as a cause or
as an independent variable with social change as the consequence. Or
alternatively, technology has been studied by making the practitioners
of technology, i.e. the engineers, their social behaviour and their social
role the object of investigation.’ But regardless of whether technology
was viewed as a cause or as an object, as a sociologist one did not deal
with technology directly and did not allow technology to intrude upon
sociology. Although this might be due to a lack of expertise on the part
of sociologists, it is more likely due to a deep-seated aversion to acquiring
the necessary expertise. A general contempt for the narrow-mindedness
of the technical arts is certainly still at work here. In sociological circles
matters pertaining to technology are an affront to good taste. They
are as out of place and as scandalous as a locomotive once was in the
middle of a landscape painting or a telephone in lyric poetry. But

technology has made inroads into sociology, perhaps even undermined
it. Technology has penetrated the social structure, the forms of social
action and normative expectations. More to the point, technology has
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itself become a social structure, a form of social action and a part of the
norms of action. 3 It is no longer a question of technology as cause or
object but a question of the technological forms of social life. To be more
precise, it is a matter of comprehending the progressive technologizing
of social reality and its attendant problems.

Although sociology must make up for lost time in its relation to

technology and is having difficulty catching up with its object of in-
quiry, social reality, public demand is coming to its assistance. Here

I have in mind generous financial support by governmental and social
forces, which have high hopes that social research on technology will
find ways of alleviating the strains involved in the transition to a super-
technological phase. The reduction of these tensions is all the more ur-
gent as this new revolution is not sustained by any emancipatory hopes.
Indeed, a rather conservative rhetoric of &dquo;protection&dquo;, &dquo;security&dquo; and
&dquo;preservation&dquo; is being used to justify it. In this situation, a sociology
that wants to remain independent would hardly be well-advised to sur-
pass this rhetoric by searching for the characteristically human elements
in pre-technical life worlds. To state what is actually the case is often
criticism enough. Social theory understood as a theory of social real-
ity, should offer direction by helping us to achieve an understanding of
man’s social nature in technological civilization.

~‘E~IIN&reg;L&reg;t~~’ AS THE SE L F-AP PROP RIATION OF SOCIETY

First of all, we must construct a sociological concept of technology.
It has been pointed out, that this means bringing &dquo;things&dquo; back into
sociology.’ The notions of technology as capability, as procedure or as
competence have been familiar in sociology for a long time. As op-
posed to Ellul’s view that every methodological procedure assessed for
efficiency is a case of tochraology5, what interests me is comprehending
the significance of technical objects for civilization. Otherwise, one can
only understand the technicalization in which we find ourselves as the
continuing expansion of the means-end rationality Max Weber found
to be characteristic of western culture. The social significance of the
technical apparatus, however, lies deeper, In the end automatic manu-
facture is not really a more efficient kind of work, just, as talking on the
telephone is not really a conversation. Just as we have had to realize in
the natural sciences that after 200 years of development the thermome-
ter is not a means of improving the perception of warmth because what
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counted as experience was changed by its invention, so we must equally
realize in the social sciences that after technologizing social structures
and social action have not merely become more efficient but something
else altogether. An analogy with man’s relation to nature may serve as
our starting point. Technical reality can here be defined as materially
appropriated nature. The material appropriation of nature does not
just mean that one simply uses nature’s forces and materials. We do
that with each breath. The material appropriation of nature, however,
presupposes isolation, purification and separation; by the same token it
partly checks the spontaneity of nature and implies the arrangement of
nature into socially determined functions. I might mention here that
the spontaneity of nature is thus forced into latency, so that it only
manifests itself in deviation, e.g. in rust6.

Technical reality can thus be defined as socially appropriated na-
ture. However, it would be wrong to stop here. The more abstract

concept of &dquo;material appropriation&dquo; can be applied to society as well.
Accordingly, the other half of technology would consist in the material
self-appropriation of society.’ What does this mean? Well, the state
has sometimes been defined as the self-appropriation of society.3 This
definition is not meant to apply to any form of the state but only to
the modern state, that is, the state with statistics or the state as a
bureaucratic apparatus. Self-appropriation of society means that soci-
ety becomes an object to itself. This implies not only a certain type
of social organization but also that explicit knowledge of society exists,
e.g. social science. In order to elaborate this point we must refer once
more to the analogy of technology as appropriated nature. About the
time of Marx, i.e. in the first half of the 19th century, it became nec-

essary to distinguish between tools and machines and correspondingly
between handicraft and technology. As is well known, among other clas-
sifications Marx characterized the machine as frozen natural science (cf.
Capital, ch. 13). He thus singled out an aspect of technology which
was not really central in his time but is characteristic for modern tech-
nology, namely its scientification. To be sure, technology today is still
the material appropriation of nature, that is, it is based on the produc-
tion of pure substances, the isolation of environmental factors and on
the separation of forces. But this material appropriation of nature is
guided by scientific appropriation on the one hand, while on the other
the domination of nature is effected in the technical apparatus on the
basis of explicit knowledge. That is to say, it is not &dquo;manipulation&dquo;
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(in the original sense of the term) but &dquo;regulations The domination of
nature by means of modern technical apparatus rests therefore on the
fact that one knows explicitly which laws govern the processes in the
apparatus. I say &dquo;one&dquo;, and not the 6‘Lls~r&dquo; , because this knowledge of
the internal processes of an apparatus can itself be objectified and built
into the apparatus as a control mechanism-so that the user does not

regulate himself but only enters signals for the built-in control mecha-
nism. To summarize: handicraft or traditional technology has always
required of man some accommodation to nature, namely physically in-
tuitive capacities, abilities, or skills, whereas modern technology requires
scientific knowledge. What is the significance of this interlinking of ma-
terial and intellectual appropriation in the technicalization of society?
The intellectual appropriation of society persists in the social science
which grew out of the close relationship between the state and statis-
tics and has been developed along the lines of August Comte’s notion
of a physics of society. It is a sociology which aims to make society
available and controllable through data. This presupposes a material

appropriation just as it does in the natural sciences. In the terms of our
analogy, it means the preparation of pure substances, the isolation, the
separation, and the control of boundary conditions. In order for soci-

ety to be controllable through knowledge, it must itself be organized in
terms of knowledge: social processes must be differentiated according
to function and arranged according to models, and social actors must
be disciplined in a way which makes their behaviour amenable to data
collection or makes their social role and activities relevant only insofar
as they produce data.

We have thus obtained a concept of technology, which first of all

encompasses both nature and society and secondly makes reference to
&dquo;things&dquo; , not competency and processes. We are dealing with technol-
ogy whenever we are concerned with materially or intellectually appro-
priated nature or society. One can then speak of modern technology
or society when knowledge of the functioning of the apparatus or the
society is in turn itself objectified and available as a programme. The
original census project in the Federal Republic of Germany was a large
scale project along these lines. It was not supposed to be a counting
strictly speaking, that is, an aggregating of individuals to wholes, but
rather a one-to-one mapping of the population onto data for purposes
of simulation and control. However, this intended duplication of society
onto data bases takes place even without a census.
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Thus construed, social science’s concept of technology results in con-
ceptualizing society as a machine, as Lewis Mumford attempted with
the concept of the megamachine in his study of Egyptian society in the
age of the pyrarrAids.9 Thus, if one wants to characterize modern society
from this perspective as a knowledge society it is necessary to stress
that it is not a matter of knowledge about how society may be in itself,
but of knowledge of a society which is already organized with respect
to its knowability.

THE TECHNICAL OBJECT AND THE TECHNO-STRUCTURE

We need to take a new approach. The first approach was concerned
to bring things back into sociology. This entailed developing a notion
of technology which was not just another versions of mens-end rational
action but one which made reference to technical structures. Now I
want to explain why it is not the technical object itself that is relevant
from the sociological perspective but the techno-structure. I use the

expression &dquo;techno-structure&dquo; 1° instead of &dquo;technical ’systems&dquo; on the
one hand to call attention to the fact that the technical structure of

something else could be at issue, e.g. of nature or of society, and on
the other because the concept of system is narrower in that it denotes a
structure for which a unifying principle, boundaries, etc. must be given.
In stressing that it is not the individual technical object that is socially
relevant but the techno-structure, I want to call special attention to
two points. Firstly, the individual technical object is usually only what
it is in virtue of being connected to a larger network. And, secondly,
technology today is no longer simply a means to an end but must be
regarded as a form of praxis.

There are, of course, individual technical objects, which can be em-
ployed in spatial isolation from other technical objects. A wrist watch
seems to be an object of this kind, whereas a telephone is apparently
a different kind of thing because it only makes sense if it is eonnected
to a network. However, upon closer examination it becomes apparent
that many ostensibly isolated technical devices make sense and do what
they are supposed to do only if they are situated within a network or
are employed within the context of a larger structure. For example,
a car, viewed as a technical object, is only really efficient in the con-
text of a system of streets, petrol stations, garages, insurance schemes,
codes of laws, etc. Without this whole fabric or structure a car is like
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a fish out of water; it cannot survive very long. The difference be-
tween a car and a telephone diminishes even further when we consider
the automobile leasing system or the practices of certain business ma-
chine manufacturers, who never actually sell their machines but only
rent them. The individual apparatus is becoming more and more sim-
ply a connection to a network. This network itself can be material but
it is usually not only material, implying a network-like organization of
society in accordance with particular technical functions. In this case,
therefore, it would be wrong to speak of technology (in the narrow sense)
and of its social consequences for two reasons. First of all, in our first
approach we opened up the possibility of understanding the processes
of society’s self-organization into specific functions as technicalization.
And secondly, when the techno-structures of society are in place, they
certainly can be used for much more than simply as terminals of a par-
ticular kind or generation. IVevertheless, it is useful to point out that
particular technologies, production technologies for example, are neces-
sarily important in order to counteract the illusion that a change in the
conditions of production is actually possible while retaining the same
means of production, or the illusion that the export of technologies into
Third World countries will leave the indigenous social organization un-
changed. Such techno-structures are naturally very diverse, hard to pin
down and difficult to demarcate. They pervade the body of society like
a fungus. However, since our society is a society in technological civiliza-
tion it would be completely inadequate merely to investigate it simply
in terms of class, social strata, associations or in terms of state, market
and family. Today the life of the social body is largely determined by
these techno-structures and the life of the individual is determined by
his potential to connect up and thus be a customer.

In justification of the concept of the techno-structure I pointed out
above that the social significance of technology cannot be adequately
apprehended if technical objects are only understood as means. Cer-

tainly, there is a use of technical objects purely as means but this use
is no longer characteristic of advanced technical civilization. The con-
ception of the technical object as a means harks back to examples like
&dquo;I eat with a fork&dquo;. It would certainly be possible to get food into
one’s mouth by other means but one usually eats with a fork. How-

ever, when we examine even such an obvious and trivial example we
discover that especially from the sociological point of view a fork does
not simply represent a means to effect purposive action. In the case

 © 1989 Thesis Eleven Pty, Ltd., SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 by axiomatizador de fluxos on November 29, 2007 http://the.sagepub.comDownloaded from 

http://the.sagepub.com


110

of eating it becomes evident that the use of the means is itself an end,
namely that of the distancing and stylization which occurs in the pro-
cess of civilization.&dquo; Thus, even this example, which was introduced
in order to illustrate the means character of technical objects, already
demonstrates that these technical objects affect a change in the pattern
of social behaviour itself.

To believe that social relations or social behaviour exist as such and
that one can then simply employ technological means in their perfor-
mance is to underestimate the social import of technology considerably.
Some human behaviour owes its very possibility to the existence of tech-
nology. Although there are pre-technical counterparts to such behaviour
in most cases, we would not understand the first thing about the real-
ity of our technical life world if we considered calling someone on the
telephone mediated conversation, driving a car accelerated walking or
taking a photograph a more precise way of painting. Certainly we can
understand this change of patterns in some cases by viewing technol-
ogy as a type of institution, 12 that is, as the permanent instalment and
normative regulation of particular patterns of behaviour, or by claim-
ing a transition from normative ethical practice to purposive-rational
behaviour .13 However, in general we have to address the fact that it is
a matter of behaviour which in itself is technically patterned or whose
form is dictated by a techno-structure.

TECHNICAL SOCIALIZATION AND RELEASE

Having introduced these concepts, I would like to venture several
theses on what society in technological civilization is or can become.
We should, however, keep in mind that not everything that happens
to a person-what he or she does and what affects him or her-is a
matter of society. The thesis &dquo;everything is social&dquo; sounds radical but
is actually without real substance. Social life assumes its contours pre-
cisely by excluding some things from the realm of social relevance. That
was certainly the case among the Greeks, who sharply distinguished the
different degrees of citizenship from the status of the private man. His-
torically the lines of division have varied considerably. As we know

bourgeois society created the private sphere through the creation of the
public sphere, e.g. the private sphere of the family. This did not mean
that the family as such was not part of the social realm but that it was
only socially relevant en bloc, or as represented by the head of fam-
ily. The internal events in the family were socially irrelevant. Similarly
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we should expect that in determining new forms of social life techno-
structures will also create a new polarity of social attraction and repul-
sion, i.e. socially integrating some aspects of human life, while releasing
others.

1. A fundamental question for every society is what creates its unity
and sustains its coherence. Durkheim called this organizing principle
&dquo;solidarity&dquo; and distinguished a mechanical and an organic form. In

the mechanical form of solidarity men are formed into a social whole by
a common religion or by common values. In the organic form of soli-
darity a division of labour fulfils this function, in that the multiplicity
of occupations supplement one another in such a way that socially they
form a whole, a complete worker, as it were. These two forms of soli-
darity correspond approximately to the distinction between traditional
and modern social formation. What I now want to claim is that techno-
structures are beginning to assume the function of social integration. In
particular, I am thinking of the networks of supply and waste disposal
here but also of the so-called mass communication media, which in a
certain sense provide an equivalent for mechanical solidarity. Whereas
in traditional societies the common culture and in modern societies the
market mediated co-operation of individual manufacturers produced the
appearance of a unified society, together a technical integration of the
social formation is developing alongside of and in competition with these
older forms through the vast, network mediated interdependence of all
activities. Recently Habermas has attempted to formulate empirically
what is happening here by means of the pair of concepts &dquo;system&dquo; and
&dquo;life world&dquo;.&dquo; Although he initially introduced this distinction as one
of perspective (outsider perspective vs. participant perspective),15 this
distinction appears later as competing forms of integration: system in-
tegration versus social integration.16 Even though the contemporary
social formation is the subject of Habermas’s discussion there is only a
passing mention of technology. 17 Had it been otherwise I think it would
become evident that system integration is increasingly a technical in-
tegration, in which the long-established modern media of money and
power are being placed by the medium of information. What Habermas
calls social integration, namely linguistically mediated co-ordination of
action, strictly construed, does not integrate society as a whole. For this
sort of integration encompasses the whole of society at most through
the telecommunication networks while the integration of the life world
always remains a local matter. Hence we are not, dealing with two com-
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peting forms of integration here but only with the technically mediated
system integration, which clearly also presents itself from the partici-
pant perspective, the perspective of the user. On the other side, we have
the realm of everyday communication in the life world which in the face
of system integration is increasingly being forced into a position of social
irrelevance.

Naturally, whatever is marginalized is potentially disruptive or at
least subversive.&dquo; However, this is not a case of competition between
forms of integration but rather a matter of a dialectical correspondence,
like that between bureaucracy and corruption.
2. Our second question, a complement of the first, concerns the form
in which the social existence or non-existence of the individual, his or her
membership or non-membership in society is determined. The question
is: what possibilities or characteristics must an individual possess in
order to participate in the life of society as a whole? In hitherto existing
social formations the individual was integrated into the life of society
as a whole mainly through property or work. Today it is becoming
apparent that the individual enters the social realm as a connection, a
terminal or a code, that is, by means of a key, which gives him access
to the social networks. Although this does not mean that someone who
does not have the necessary connections, terminals or credit cards at
his disposal does not exist at all, it does mean that he does not exist
socially. This is not surprising; as I pointed out, even in bourgeois
society not every natural man or woman was a person but only the
head of the family as the representative of all family members. Today
one can probably say that someone who does not have a telephone in the
United States is socially non-existent. In the economic sphere something
similar is to be found in the tendency to dispense with cash. Whereas
buying things with money still retains the semblance of an exchange
of value, even if only symbolically, in the credit card system data are
merely transferred by entering a personal code. Purchasing with money
is thus reduced to the status of a means which makes local commerce

possible between non-persons.
When evaluating the technicalization of society we must take into

consideration that integration always involves disintegration, and so-
cialization always involves social de-socialization at the same time, as I
mentioned at the outset. As discouraging as the perspectives revealed
by technological socialization are, I think the associated releases into
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the realm of the socially irrelevant should be viewed as a new chance.
I must concede, however, that if one locates emancipation today not in
the socialization of man but in his social fragmentation, it must seem
like giving up altogether compared to the hopes of someone like Karl
Marx. It may be, however, that the true liberation of work actually
consists in its being made socially superfluous by the technicalization
of production. Moreover, it may well be that the rediscovery of the
body taking place today is the complement of the fact that physical
presence is no longer necessary for social action, which is technically
mediated and initiated through codes.&dquo; And finally, it may be that the
extraordinary development and intensification in personal communica-
tion is a sign sociologically that face-to-face communication has become
irrelevar~t e2o

SOCIETY AND GENERATION

In trying to comprehend society in technological civilization by means
of the concept of techno-structure sketched thus far it is clear that we
are not trying to deal with society in all its forms, but rather with a
social formation is now making its appearance. The hitherto existing
forms of society will remain in place; other forms will be superimposed
on these and the existing social formations will occasionally collide with
the techno-structure. The phenomena which I have mentioned are cer-
tainly somewhat too boldly drawn, but if so then certainly not enough.
For if one wants a relevant theory of society, that is, social theory which
provides orientation in technological civilization, the theory must of
necessity include some science fiction (cf. Stanislav Lem). Otherwise

sociology will again arrive too late. The growing importance of tech-
nology in the social formation requires a great deal of imagination in
theory construction and a dynamic understanding of the concepts them-
selves. Thus I would like to call into question everything said so far by
suggesting that we not speak of society at all but of generations. The
concept of a generation would have two distinct advantages as opposed
to the concept of society. On the one hand it would express the lim-
itedness of the historical range of assertions in the social sciences. On
the other it would allow us to describe social life from the perspective of
what will issue from it for the coming generation. What I have said so
far would thus have to be reformulated as follows. Our generation pro-
duces vast quantities of waste, dissipated energy and toxic substances
over and above natural reproduction; our generation produces data and
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its produces techno-structures. Data and techno-structures determine
the social possibilities of the coming generation, just as the production
of the environment determines the possibilities of their organic life. The
arrangement of these techno-structures determines what will be socially
possible in the future and what and who will be released, that is, forced
into the realm of social irrelevance.

CONCLUDING REMARKS

In the preceding I have attempted to re-conceptualize basic sociolog-
ical categories so that they will apply to society in technological civiliza-
tion. In accord with the dynamics of technological development these
categories should express tendencies. The subject of a theory of society
in technological civilization is for that reason not so much technology in
society and its consequent social change but the technicalization of soci-
ety itself. The production of technology belongs to social reproduction:
with technology we produce social structures.

I have only discussed two examples here: namely, solidarity or so-
cial integration on the one hand and the social nature of the individual
on the other. It is evident that techno-structures have arisen as a new
form of integration in addition to and partly in place of existing forms
of integration. Up till now the developing techno-structures have hardly
been utilized politically. That they could be so used is demonstrated
by the defensive struggles for privacy of information. As the classi-
cal mechanisms like work lose their power to integrate, integration by
means of data and networks will become all the more important. The
constantly growing sectors of the population who fall outside of working
society and become marginalized groups will still continue to belong to
society as a whole, in terms of consumerism and entitlements. For in
order to receive their social benefits the poor, the elderly, etc. must

be registered. In this sense one could claim that we are on the way
from a working society to a registration society. The discussion of the
social nature of the individual showed that in technological civiliza,tion
physical presence is increasingly becoming superfluous for social action.
We could summarize this in the following way: the social existence of
the individual has been transferred to a double, to a juncture of termi-
nals and connections or to a credit card. These two examples provide
only starting points for a possible theory of society in which the exis-
tence of techno-structures is really taken seriously. The next step would
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consist in the analysis and re-conceptualization of social conflicts or ba-
sic antagonisms. If society reproduces itself through technology and if a
generation structures the life-forms of the following generations through
its technology, then it is clear that the question of which technologies
should be pursued will bring social antagonisms into prominence, tech-
nological politics will then become the focus of political disputes. The
critique of technology has long since moved beyond a critique of culture;
it has become an arena for social conflict.21 Indeed, after the accident
in Chernobyl the question of technological development seems to have
become the social conflict which absorbs or suppresses all others.

NOTES

1. R. Jokisch (ed.), Techniksoziologie (Frankfurt, Suhrkamp, 1982).
2. G. Hortleder, Ingenieure in der Industriegesellschaft. Zur Soziologie

der Technik und der naturwissenschaftlich-technischen Intelligenz im
&ouml;ffentlichen Dienst und in der Industrie (Frankfurt, Suhrkamp, 1973);
ibid., Das Gesellschaftsbild des Ingenieurs. Zum politischere Verhal-
ten der Technischen Intelligenz in Deutschland (3rd Edition, Frankfurt,
Suhrkamp, 1974).

3. A point in case is the intermeshing of laws and technical rules in the
German DIN-norms. cf. DIN. Dt. Inst. f&uuml;r Normung e.V. (ed.), Regeln
und Normen in Wissenschaft und Technik (Berlin, K&ouml;ln, Beuth, 1984).

4. H. Linde, "Soziale Implikationen technischer Cer&auml;te, ihrer Entstehung
und Verwendung" in R. Jokisch (ed.), op. cit.

5. J. Ellul (La Technique ou l’enjeu du si&egrave;cle (1954)), The Technological
Society (New York, Vintage Books, 1954).

6. cf. G. B&ouml;hme, "Quantifizierung und Instrumentenentwicklung", Tech-
nikgeschichte 43 (1976), und mit W. v.d. Daele, "Erfahrung als Pro-
gramm. &Uuml;ber Strukturen vorparadigmatischer Wissenschaft" in G.

B&ouml;hme, W. v.d. Daele, W. Krohn, Experimentelle Philosophie (Frank-
furt, Suhrkamp, 1977).

7. For further explication, cf. G. B&ouml;hme, "The Knowledge-Structure of
Society" in G. Bergendal (ed.), Knowledge Policies and the Traditions
of Higher Education (Stockholm, Almquist and Wiksell International,
1984).

8. G. Burdeau, Einf&uuml;hrung in die politische Wissenschaft (Neuwied, Lucht-
erhand, 1964), S. 120: "the political is nothing but the collective become
conscious".

9. Lewis Mumford, Mythos der Maschine: Kultur, Technik und Macht

(Frankfurt, Fischer, 1977).
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10. G. B&ouml;hme and N. Stehr (eds), The Knowledge Society (Boston/Dordrech-
t, Reidel, 1986).

11. This term was introduced in G. B&ouml;hme, "Die Gesellschaftlichkeit von
Technik und Natur", Zt. f. Hochschuldidaktik 8 (Sonderheft 9), Wien,
&Ouml;sterr. Ges. f. Hochschuldidaktik, 1984).

12. O. Ulrich, Weltniveau. In der Sackgasse des Industriesystems (Berlin,
Rotbuch, 1979).

13. This was, of course, J. Habermas’s original approach in Wissenschaft
und Technik als "Ideologie" (Frankfurt, Suhrkamp, 1968).

14. J. Habermas, Theory of Communicative Action, 2 vols (German ed.,
Frankfurt, 1981).

15. Theory of Communicative Action, Vol 2, 179.
16. Theory of Communicative Action, Vol 2, 275.
17. Theory of Communicative Action, Vol 2, 274.
18. Love as a subversive force was classically portrayed by George Orwell

in Nineteen Eighty Four.
19. In his novel The Dead Souls Gogol described very elegantly how one can

still exist socially although physically dead. The social existence of serfs
consisted in their tax registration as property. Since this registration
only took place every five years several "dead souls" always existed.
Today a dead person could continue to exist socially if persons only
function as a bundle of connections.

20. J. Habermas, Theory of Communicative Action, Vol. 2, "The life world
is no longer need for the coordination of actions".

21. cf. G. B&ouml;hme, "Technikkritik als geselischaftlicher Konflikt", Wechsel-
wirkung 6 (1980).
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 Beyond Harmony and Consensus:

 A Social Conflict Approach to Technology

 Mikael Hard

 Gothenburg University

 This article presents a sociological perspective that suggests that technology should be
 seen as a means for groups to retain or rearrange social relations. Claiming, first, that
 the sociotechnical systems approach in technology-and-society studies often tend to
 bring out harmony and cooperation as an ideal and, second, that central social construc-
 tivists tend to interpret closure and stabilization processes in terms of consensus, this

 article, instead, argues that technology should be regarded as the outcome of conflicting
 interests and ideas. To make the perspective plausible, a number of analytic concepts
 are put forth and illustrated, some case studies are reinterpreted in conflict language,
 and a few tentative research hypotheses are formulated.

 Man's power over Nature often turns out to be a power exerted by some men
 over other men with Nature as its instrument. (C. S. Lewis)1

 More than 30 years ago, Jewkes, Sawers, and Stillerman (1958) com-
 plained about the inability of social scientists to deal with, or their disinter-
 est in, the origins of technology. Even though this situation has begun to
 change-most notably with the coming of social constructivism-the gen-
 eral emphasis of social science is still on the consequences of technological
 development. Studies of scientific and technological controversies are a case
 in point. They abounded during the last decade, but they were primarily
 concerned with disputes that emerge in the wake of new technologies

 AUTHOR'S NOTE: The writing of this article was made possible through a generous fellow-
 ship at the Swedish Collegium for Advanced Study in the Social Sciences (SCASSS), Uppsala.
 In addition to the directors, staff, and fellows of SCASSS, I would also like to thank seminar

 participants at the Office of History of Technology and Science at the Royal Institute of Tech-
 nology in Stockholm and at the Center for Interdisciplinary Studies at Gothenburg University
 (in particular, Olle Hagman, who has drawn my attention to several important anthropological
 studies), as well as Hakon With Andersen, Jeanette Hofmann, Andrew Jamison, and Thomas J.
 Misa.
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 (Engelhardt and Caplan 1987; Iannone 1987; Mazur 1981; Nelkin 1979).
 Social scientists studying technological controversy have usually highlighted
 conflicts that appear during or after the implementation phase, as well as
 verbalized, manifest conflict within the political sphere (Brante and Elzinga
 1988).

 This article attempts to broaden the controversy perspective, suggesting
 that social conflict be treated as a cause of innovation, diffusion, transfer, and

 application-not only as a result of these processes. The term conflict is
 preferred here to controversy, because the former is generally understood in

 a broader sense, encompassing all kinds of social opposition and struggle. A
 sociological conflict perspective may be one way of overcoming the theoret-
 ical gulf between impact and innovation studies, and a way of overcoming
 the heavy dependency of the latter area on the sociology of science and
 knowledge (Weingart 1989, 11).

 To support the claim that technology-and-society studies need discursive
 revision, this article will first criticize one of the field's central metaphors,
 that of sociotechnical system, which is frequently applied in a functionalist
 manner. It argues that the sociotechnical systems approach tends to stress
 harmony and cooperation and to view conflicts as dysfunctional phenomena.
 Then, the article will suggest that some social contructivist approaches play
 down the conflict dimension involved in technological development. By
 discussing closure and stabilization in terms of consensus, those espousing
 such approaches sometimes forget that technology may be a tool applied by
 groups taking part in power struggles. Last, but not least, the article will
 identify some of the benefits of adopting a social conflict approach when
 studying the development and use of technology.

 The article will argue that technology is applied and technological change
 is fostered by groups to preserve or alter social relations. It will suggest that
 a social conflict approach might be a way of overcoming the dichotomy
 between agency and structure and opening up a new discourse beyond the
 all-too-common discussions about pull-push, basic-applied, and construc-
 tion-impact. The approach will be illustrated by references to and reinterpre-
 tations of existing empirical studies, and a number of analytic concepts will
 be suggested as tools for future work along these conflict !'aes. It will be
 shown that many technology-and-society scholars have, more or less explic-
 itly, adopted a conflict terminology. Hence this article can be read as an
 attempt to systematize these authors' works, but it also tries to introduce a
 Weberian approach into this field of scholarship. In brief, this means that it
 will shed some light on the various ways in which technology is governed by
 the interests and ideas of certain groups in society.
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 The Harmonious World of Sociotechnical Systems

 The pioneering community study of Dennis, Henriques, and Slaughter
 ([1956] 1969) is part of a long tradition within anthropological and sociolog-
 ical studies of technology, not only because it focuses on the effects of
 production on social relations-in this case, the impact of mining on life in
 the small British community of Ashton-but also because it ties the roles of
 various social institutions to the demands posed by the productive structure.

 Family life as lived in Ashton is only the product of this [colliery] culture; its
 members are only the participants in that social structure. Clearly the function
 of the family is as a mechanism for perpetuating the social structure, not only
 in terms of biological reproduction, but in terms of the production of the social
 personalities required by such a community as Ashton. (P. 244f.)

 In plain language, the role of Ashton families is to make sure that the miners
 are fit for work every day and that children are raised to be future laborers
 and housewives.

 This classic community study illustrates two theoretical approaches that
 were paradigmatic in the social sciences of the 1950s and 60s: the structur-

 alist and functionalist ones. Dennis, Henriques, and Slaughter ([1956] 1969)
 do not deal with conscious agents but treat, for instance, the working class
 as a passive and homogeneous group. They also explain the existence of
 various social institutions by referring to their positive functions in support-
 ing the overall social structure. Life in Ashton is arranged in such a way that
 society and culture remain intact.

 Because the structuralist and functionalist approaches have been under
 fire in sociology since the late 60s (Boglind 1988), it is rather surprising to
 find them alive and well in present-day technology-and-society studies. Take,
 for instance, the concept of a sociotechnical system, which is, I would like
 to propose, still frequently applied in a functionalist manner. If this proposi-
 tion is correct, it does not only mean that much present work in the field of
 technology-and-society studies departs from mainstream developments in
 the social and human sciences. Still worse, it implies that this field of schol-
 arship perpetuates a view of technological change as a self-regulating and
 tension-managing process. A functionalist understanding of sociotechnical
 systems will, I believe, simplify the social acceptance of existing technolo-
 gies and contribute to the reduction of criticism of well-established systems.
 Because of its excessive concern with what its grand old man, Parsons (1951),
 called adaptation, goal attainment, integration, and pattern maintenance,
 functionalism has often been criticized for opening up politically and socially
 conservative investigations. Or, in Collins's (1988, 54) words:
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 In the eyes of feminists, conflict theorists, and advocates of greater social
 equalities, functionalism looks like an ideological justification for the interests
 of dominant groups.

 In the functionalist view, an open system behaves like an organism that
 constantly interacts with its environment and adapts its behavior accordingly.

 To reach its goal-be it, as is often the case with sociotechnical systems,
 maximum efficiency, economy, or expansion-all parts of the system have
 to be attuned and adjusted. Or, in the words of Moore (1978, 326): "A basic
 tenet of functionalism [is] that analytically distinguishable parts of any
 society or culture must be appropriate for the rest of the system." Just as the
 organs of a fit animal are properly coordinated, so are the elements of a
 functionally arranged system well integrated.

 In the social sciences and humanities, the sociotechnical system concept
 can be found among two groups of researchers. First, there is the business
 organization approach going back to the early work of Emery and Trist
 ([1960] 1973) at the Tavistock Institute in Great Britain. Second, there is the
 history of technology approach, which has become particularly associated
 with Thomas P. Hughes at the University of Pennsylvania (Hughes 1983,
 1987; Mayntz & Hughes 1989). Although the Emery and Trist tradition
 remains strong among students of working life, Hughes's work has rapidly
 caught on among technology-and-society researchers and teachers. Accord-
 ing to Staudenmaier (1985, chap. 2), system is one of the most commonly
 discussed concepts among those historians of technology who adopt a con-
 textual approach.

 A typical representative of the first category is Forslin's (1990) book about

 the development of a Volvo car factory in Sweden. To Forslin, this factory is
 a sociotechnical system, which means that it consists of social and technical
 components, and that these elements are tied to each other in an "organic"
 way (p. 35). Like any living organism, the factory is an open system that
 constantly has to react to external influence. To survive, grow, and develop,
 its machines and personnel have to be well coordinated and geared toward
 the same goal. If some of its parts get out of tune, the factory will not be able

 to retain what Emery and Trist ([1960] 1973, 213) have called its "quasi-
 stationary equilibrium," and problems will accrue. However, this does not
 mean that a successful factory is a stable one. On the contrary, both Forslin
 and Emery and Trist stress that fixed goals and flexible means are necessary
 conditions. They regard the ideal factory as an "equifinal" system that is able
 to reach its goals along a number of paths and to choose new paths as the
 environment changes (Emery and Trist [1960] 1973, 221; Forslin 1990, 37).

 Several factors suggest that the open sociotechnical systems approach of
 the Tavistock tradition has a functional bias. First of all, organic analogies
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 abound in this literature. Second, as Stinchcombe (1968, 81) has pointed out,
 references to "an equifinal pattern [suggests] a functional explanation of
 organizational behavior." Third, "changes in some part of the system have
 consequences for the other parts and lead to a need for adjustment" (Forslin
 1990, 35). To me, the last criterion is most tantalizing, in that it puts forth
 accommodation and coordination as necessary conditions for factories and
 other sociotechnical organizations to thrive. As Forslin (p. 39) mentions, the
 sociotechnical approach has been quite influential among working-life re-
 searchers in Sweden and Norway (e.g., Emery and Thorsrud 1976). Con-
 sidering the reformist and consensus-oriented tradition of these Scandi-
 navian countries, this state of affairs is hardly surprising. Most functionalist
 theories regard conflict as dysfunctional, and the sociotechnical approach has
 rightly been criticized for presenting too harmonious a view of the firm
 (Abrahamsson 1975).

 Turning to history of technology, we find a similar kind of sociotechnical

 system, but with a different theoretical background. Starting off in the tra-

 ditional engineering definition of a technical system as a complex of inter-
 related artifacts, Hughes (1987) adds a pertinent number of social and natural
 elements. Picking Hughes's favorite example, we can say that an electric
 system consists not only of generators, transformers, and power lines, but
 also of electric engineers, commercial banks, power companies, and end
 users. Like Forslin's (1990) factory, this system is goal oriented and consists
 of a number of interdependent parts:

 An artifact-either physical or nonphysical-functioning as a component in a
 system interacts with other artifacts, all of which contribute directly or through
 other components to the common system goal. (Hughes 1987, 51)

 Just as the system would fail did the generators cease to work, so would it
 soon collapse did the customers not pay their bills. Just as the function of
 Ashton working-class families was to supply the colliers with laborers, the
 function of generators, operators, and managers in an electric system is to
 supply electricity continuously.

 No doubt, the commonsense character of Hughes's system concept goes
 a long way toward explaining its popularity among historians of technology,
 another reason probably being its analytic convenience. When we, in every-
 day life, talk about the railway or the telephone systems, not only do we often
 think of their technical components, but we also include Amtrak and AT&T.
 However, from a theoretical point of view, the problems with Hughes's
 concept begin exactly when he takes the step from the level of artifacts to
 that of social actors. To explain the relations between the capacities of elec-
 tricity generators and of power lines in terms of direct interdependencies is
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 straightforward, but to interpret social interaction in the same way can be
 nothing but functionalist. As Brante (1990) has made clear, functional
 explanations in the social sciences follow a pattern similar to that of Ohm's
 law in electrical engineering.

 It should be pointed out that the term system, as commonly used in history
 of technology, has little to do with systems theory or cybernetics.2 Hughes
 (1987, 80f.) himself admits that his concept "is less elegant but more useful
 to the historian who copes with messy complexity than the system concepts
 used by engineers and many social scientists." Instead of using a cybernetic
 term like feedback mechanism, Hughes introduces a military term, reverse
 salient, which is used to analyze how a system reacts when problems emerge
 as the system unfolds. Although most theorists of open systems focus on the

 ability of systems to handle flows of information or other resources, Hughes
 stresses the ability of system builders (that is, engineers, managers, and the
 like) to create a structure in which all parts are functionally interrelated. Even
 if various systems may clash and the builders of different systems may be in
 conflict, each well-functioning system is in itself harmonious, and its com-
 ponents strive toward a common goal. If sociotechnical analyses of business
 firms tend to stress the importance of adjustment and mutual understanding,
 so many analyses of large technological systems tend to focus on their organic
 and constantly expanding character. If the political implications of Forslin's
 work are that cooperation is more beneficial than conflict, so the social
 implications of Hughes's analyses are that any criticism of existing systems
 must lead to dysfunctions.

 The world of a sociotechnical system looks and feels like an iron cage.
 There is no place for critique and no way out. Established sociotechnical
 systems are conservative. By adhering to a functionalist methodology, we
 can never succeed in being critical in a substantial manner. By presenting a
 view of technology in terms of functionally arranged sociotechnical systems,
 we will support those who benefit from harmony and cooperation and
 discourage those who might benefit from conflict and opposition. We might
 be able to reveal both unexpected and unwanted aspects of a technology, but
 we will remain unable to suggest an alternative vision.

 The Consensus-Orientation

 of Social Constructivism

 In Hughes's works, the only conscious people we find are the system
 builders-although it is not always clear whether they (as agents) really
 create the system or whether their role (as actors) is merely to serve it. During
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 the last decade, a strong trend in technology-and-society studies, as in social
 science generally (Wittrock 1992), has been to reintroduce purposeful agents
 on a broader scale. Most consistently, this has been done by social construc-

 tivists and actor-network theorists (Bijker, Hughes, and Pinch 1987). With a
 background in modern sociology of knowledge, their approaches also fre-
 quently include discussions of conflict. If some of their results could be fused
 with other traditions within the social studies of technology-like working-
 life studies-some ground could be gained toward a more comprehensive
 social conflict theory of technology.

 After the introduction of Kuhn's (1962) paradigm and incommensurabil-
 ity concepts into the philosophy of science and of Berger and Luckmann's
 (1966) social constructivism into the sociology of knowledge, it became
 increasingly difficult to maintain that science develops in a cumulative,
 "inductive" fashion and that scientists tend to unravel the one and only truth

 (Agassi 1963). Instead, scientific development began to be seen as a discon-
 tinuous process that could move into many potential directions, and science
 began to be treated as a social process characterized by conflicting theories
 and worldviews. This line of thought was taken furthest by the so-called
 strong program in the sociology of science (cf. Shapin 1982).

 When launching social constructivism as an ideal for technology studies,
 Pinch and Bijker (1987) chose the strong program-in the disguise of the
 empirical program of relativism-as their model. They regarded as particu-
 larly fruitful the emphasis of these sociologists of science on "interpretative
 flexibility," "controversies," and "closure mechanisms" (p. 27). Transferred
 to the technological field, these concepts imply, first, that artifacts and
 technical systems carry different meanings for different social groups; sec-
 ond, that these differences often give rise to conflicts about the desired
 direction of technical change; and, third, that the resolution of these conflicts
 leads to the concentration of technical work around one artifact or system
 and to the weeding out of alternatives. Although scientific closure is estab-
 lished when "consensus as to what the 'truth' is" (Pinch and Bijker 1987, 27)
 has been reached, technological closure is established when "the relevant
 social groups see the problem as being solved" (Pinch and Bijker's empha-
 sis). Once closure, or "stabilization," has been reached, further development
 follows along lines set up by what Bijker (1987) calls a "technological
 frame." Only then is it possible to discern some kind of cumulative develop-
 ment. It is just as inappropriate to use the all-too-common linear model of
 technical change when depicting preclosure situations as it is to use the
 inductive approach when describing preparadigmatic science.

 To illustrate the social constructivist perspective, Pinch and Bijker (1987)
 go on to show how the modern bicycle has been shaped by diverging sets of
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 problem specifications and suggested solutions. In the late 19th century, some
 social groups wanted a fast bicycle (young men, primarily), others a safe one
 (elderly men), and yet others a morally acceptable one (women). High front
 wheels, for example, were unproblematic for the young men, whereas they
 were a problem of no mean significance to the other groups. The result of
 this and similar conflicts was a product that was accepted by all groups, the
 safety bicycle. Having rear chain drive, air tires, and low wheels, this solution
 was accepted by everyone involved. In the case of air tires, which were
 initially highly regarded by several groups but detested by sporting cyclists,
 consensus could be reached as soon as it was shown that it was indeed

 possible to bike even faster with than without air tires.

 Pinch and Bijker's (1987) approach is intriguing. It is very far removed
 from technological determinism and functionalism. It presents a conflict
 perspective on innovation, and its agency orientation has proved empirically
 useful. Certainly, it has laid an important foundation for further theoretical
 and empirical work. However, the scheme has its drawbacks. First, it lacks
 a discussion of power, stratification, and hierarchy. The only thing Pinch and
 Bijker have to say on this matter is that "aspects such as power or economic
 strength [may] enter the description, when relevant" (p. 34). Their insistence
 on not only discussing engineers and capitalists but also allowing for the
 influence on technological change of various user groups and social move-
 ments is very well taken, but it must not be brought to a point where the
 relative power of the social groups is lost (cf. Russell 1986, 336). It is hard
 to believe that solutions satisfactory to female cyclists were of equal weight
 to those satisfactory to the young, sporting, male cyclists. Second, by regard-
 ing closure as an outcome of consensus, Pinch and Bijker suddenly and
 regrettably drop their conflict perspective. Once stabilization around a tech-
 nological solution has emerged, conflict disappears; once closure has been
 achieved, everyone involved is happy and content. These conclusions may
 be questioned. As has been indicated by numerous studies of controversies
 in science, the formation of consensus is only one of several possible clo-
 sure mechanisms-closure through the exercise of force being another one
 (Engelhardt and Caplan 1987). Against this background, and considering that
 social groups being affected by and involved in the development of techno-
 logical artifacts and systems are, usually, both large in number and quite
 dissimilar, it does not seem likely that technological closure should always
 be of the consensus kind. If all groups were satisfied with all stable technol-
 ogies, we would really be living in the best of all worlds. Mildly speaking,
 this does not seem plausible.

 Recently, Misa (1992) has taken a step toward including a power perspec-
 tive into the social constructivist discourse-a step that leads him to stress
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 the temporary character of closure. Quite rightly, Misa writes that "closure
 may frequently involve the creating or restructuring of power relationships."
 However, by still viewing closure as the outcome of consensus (even if it is
 not eternal), Misa wants it both ways. It is hardly possible to use power and
 consensus terms simultaneously. If closure is the outcome of one group
 imposing its solution in the face of others, it cannot be identical with
 consensus.

 Despite these points of critique, social constructivism is in no way ir-
 reconcilable with a conflict approach to technology. Conflicts are certainly

 present in both Pinch and Bijker's and Misa's works, as well as in Mack's
 (1990) constructivist study of the U.S. earth resources observation satellite
 (EROS) program. However, none of these authors discuss the nature of social
 conflict at any length, and they give the impression that conflicts are always
 conducted on a manifest level by highly conscious agents. This is, perhaps,
 most obvious in Mack's study, in which technological conflicts are treated
 exclusively in terms of negotiations between organizations pursuing their
 own interests.

 In what follows, I will refrain from discussing technological change in
 terms of harmony or consensus, sticking instead to a view of technology as
 inherently red in tooth and claw. I will propose an approach that covers both
 verbal and nonverbal power struggles, both manifest and latent conflicts,
 both direct and mediated interaction. In short, I maintain that social construc-

 tivism could be complemented with insights from sociological conflict
 theory, symbolic interactionism, and class struggle analysis. I also believe
 that these theoretical approaches may help bridge the gap between agency-
 oriented and structuralist theories. On the one hand, when groups are in
 conflict, when people interact, or when classes fight, they act partly as pur-
 poseful agents. On the other hand, these struggles, conflicts, and interactions
 form pattems that structure the acts of groups and individuals.

 Technology: An Outcome
 of Social Groups in Conflict

 This article suggests an approach to questions concerning technology and
 society that is based on the assumption that technology and technological
 change are resources used by some groups to retain or rearrange social
 relations. This means that technology is formed by social groups in conflict
 and that technological change is never a socially neutral process. In this
 view, the application of technology is not, in the first place, defined as a
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 means of using natural resources or as a tool for the alleviation of physical
 strain. Rather, it is seen as a tool for establishing and influencing social rela-
 tions. The approach can be applied to the innovation, development, diffusion,
 and application phases, and to inventive activities that are closely coupled to
 these phases. It does not cover inventions or patents that are never developed.

 The approach outlined here is a preliminary step toward a conflict theory
 of technology, and it does not present a full-fledged theory. By introducing
 a number of conceptual tools and presenting a few very tentative hypotheses,
 its purpose is to lay a foundation on which future studies may build. Its pri-
 mary goal is to suggest a new kind of discourse for the area of technology-
 and-society studies, a discourse beyond the fruitless debates about push-pull,
 supply-demand, and the like. The article rests on the levels of interests and
 ideas. It does not take any a priori stance in the philosophical debate on how
 these are induced (Skinner 1988), even though it does suggest that an agent's
 interests and ideas do not emerge in a social vacuum but are formed in
 opposition to or in accordance with those of other agents (Collins 1989;
 Liedman 1986). It assumes that interests and ideas of a group (a class or a
 profession, for instance) in some cases may be derived from its social posi-
 tion, but it certainly does not suggest that such a correspondence approach
 is generally applicable.3 Although a workers' union in one country may
 strongly oppose mechanization, its colleagues in another country may not.

 The adoption of a conflict perspective does not entail a Hobbesian civil
 war. The existence of conflict between groups implies, first, that there is some

 degree of cooperation and understanding within each group and, second, that
 conflicting groups share some values, norms, and presuppositions. The
 approach supposes that conflict is a basic characteristic of all societies, and
 it is based on a distributionist view of society as a heterogeneous entity
 (Keesing 1987). Because conflicts are pursued by intentional agents and
 because these agents' acts are partly structured by the existence of these con-
 flicts, conflict theory involves both an agency and a structural perspective.
 Conflicts bind agents together in networks, and a conflict approach might
 open up for a true network analysis of technology in society. Unlike func-
 tionalist conflict theorists like Coser (1956), I do not see conflict as a phe-
 nomenon with only positive functions in society. Conflic ts are usually
 positive to some agents and detrimental to others (which is not to say that all
 conflicts are zero-sum games).

 As has already been mentioned, this article adopts a Weberian perspective.
 Unlike the Durkheimian tradition, in which the harmony-oriented approach
 of functionalism counts, the Weberian one regards tension as a necessary
 ingredient in all dynamic societies. Whereas a basic concern for Emile
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 Durkheim was how order and "mechanical solidarity" might be achieved,
 Max Weber asked how such a stuffy "iron-cage" could be avoided. In
 Weber's works, conflict and power are central categories, and scholars like
 Bendix (1960), Collins (1986), and Bogner (1989) have interpreted his soci-
 ology as a conflict theory at root. It may thus be beneficial to review Weber's

 ([1922] 1964, 132) own definition of conflict:

 A social relationship will be referred to as 'conflict' in so far as action within
 it is oriented intentionally to carrying out the actor's own will against the
 resistance of the other party or parties.

 In his writings, Weber analyzed how the character of social conflict differs
 between societies and varies over time. Perhaps these differences are best
 borne out in Weber's ([1922] 1964) analysis of, on the one hand, charismatic
 authority and, on the other hand, bureaucratic domination. Although the
 former derives from the irrationally grounded persuasiveness of a strong and
 impressive leader, the latter is based on highly efficient procedures and
 rationalized control. Schluchter (1989,390) has inferred that Weber "viewed
 modern bureaucratic domination as inimical to innovation," social as well as

 technical. In other words, in a highly bureaucratized society or firm, very
 little change is to be expected. This thesis does not seem to have been falsified

 by later development in some statist, communist countries, nor by the
 innovative activities of many huge corporations. It would be the ultimate goal
 of the conflict approach to technology to test such and similar hypotheses.
 For instance: Charismatic authority (maybe in the guise of a Schumpeterian
 entrepreneur) is more conducive to technical change than is bureaucratic
 domination.

 This article takes as a point of departure Weber's suggestion that conflict
 between groups is a prerequisite for a society to be dynamic. A conflict-free
 society will ultimately stagnate. As Collins (1986, 36f.) has stressed, Weber
 viewed conflict between classes, status groups, and political parties as a
 central characteristic of modern societies. Because one significant feature of
 such democratic and capitalist societies is their extreme ability to foster
 technological change, a Weberian conflict perspective opens up the hypoth-
 esis that this ability cannot be seen only as an outcome of market competition.
 It may be the case that the ability of a society to favor technical change is a
 result of conflicts taking place in a large number of arenas and concerning
 not only monetary gains but also property rights and the control of production
 processes, recognition, and legitimacy, as well as political power and author-
 ity. The rate of technological change would be minimal in a society in which
 harmony and consensus prevail.
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 Concepts

 By formulating and testing hypotheses like those sketched above, the
 Weberian case could be strengthened. To that end, I will, initially, develop a
 set of analytic concepts and briefly illustrate how they can be empirically
 applied. Later, I will show in more detail that we cannot do without a conflict
 perspective. Because technical change occurs under various conditions, it is
 necessary, first, to establish what kinds of social conflicts are at all possible.
 Because technical applications and change are fostered by groups for a
 variety of reasons, it is important, second, to show what reasons they may
 have in so doing. Because outcomes are not identical with intentions, it is
 paramount, third, to treat consequences separately.

 First of all, conflicts may be of various types:

 -Antagonistic or unifying, meaning that the agents either try to remove each
 other from the arena (as in war) or accept their opponents as a necessary part
 of the game (as in sports). In both cases, technical change is used to outdo the
 opponent, although in various degrees. The importance of both arms and
 automobile races for the development of technology is well-known.
 Disintegrating or integrating, implying that conflict may lead to the weakening
 or strengthening of the bonds between conflicting groups. The introduction of
 new consumer items is frequently followed by tensions between various camps,
 but, as soon as the technology becomes broadly adopted, the degree of disinte-
 gration tends to diminish. In the early years of the CD player, an intense debate
 between its proponents and opponents developed-a discussion that seems to
 have died out as more and more music lovers have acquired their own CDs.
 Manifest or latent, suggesting that the agents actively take part in the conflict
 or that they, for the time being, do not allow their opposing interests and ideas
 to surface. Public controversies on issues like nuclear power are largely carried
 out in manifest verbal and nonverbal ways, whereas changes in office technol-
 ogy have often taken place without vocal opposition from the female workforce
 (Barker and Downing 1985).
 Conscious or subconscious, taking place on a level that is obvious or not
 obvious to the agents involved. Although, nowadays, market competition is
 quite consciously treated by most groups as an important incentive for the
 development of new technology, class antagonism in the classic sense seems
 to have passed into the realm of subconscious factors. However, this does not
 mean that such antagonism might not still be important, for instance, in the
 automatization of the production process.
 Direct or indirect, that is, carried out by agents in contact with each other or
 mediated by some social institution. Contracts signed by buyers and manufac-
 turers exemplify direct interaction, whereas competition between various
 producers in a perfect market is a case of indirect conflict (they never meet
 face-to-face, so to speak).
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 Second, technology and technological change may be supported by cer-
 tain groups:

 As a means to control, exclude, or include other groups, but also for liberation
 and the creation of more equal conditions. The application and development
 of weapons being the most obvious example of such strategies, a number of
 other cases may also be referred to. Take, for instance, the panopticon that was
 designed by Jeremy Bentham so that one man would be able to control several
 prisoners simultaneously; take the infamous low overpasses over Long Island
 Parkway that make public transportation so slow that they effectively exclude
 the lower classes from the recreational areas of the island (Winner 1986); take
 the telephone system that has become so widespread that it is almost taken for
 granted that every citizen is included; or take the first automobiles that were,
 partly, seen by the upper classes as a means of liberating themselves from the
 transportation system of the masses-the train (Sachs 1984).

 -To create meaning in society, as well as to dominate other groups and impose
 sanctions on them (Giddens 1979). Think, for example, about how the medical
 profession, through the development of organ transplant technology, has
 managed to give the concept of death quite a new meaning (Brante and Hallberg
 1991); think about how the access to modem technology enables the industrial
 world to dominate the developing countries; or think about how software com-
 panies, through the continuous introduction of new applications that render old
 operative systems obsolete, indirectly impose sanctions on economically weak
 users.

 Third, technical change and diffusion may be influenced by processes of
 social subordination and polarization on the macrolevel (Berner 1982).
 Consider how the subordination of the lower classes manifested itself in

 Victorian furniture design-certain pieces being only for the lower classes
 (Pfaffenberger 1990); or consider how the British enclosure laws polarized
 land ownership and forced large groups away from the countryside-thus
 simplifying the spread of factory production and giving incentives to the
 mechanization of agriculture.

 Arenas

 As has already been implied by these examples, conflict terminology
 could be applied to a large number of arenas: the market, international
 relations, the shop floor, the office, the home, the neighborhood, research and
 development departments, the media, and the courtrooms, to mention a few.
 Relevant agents may include companies, governments, and representatives
 of the sexes and of the traditional classes, as well as various status groups,
 like engineers and medical doctors. Or, in the words of Brandin and Harrison
 (1987, 67):
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 In the present Technology War, it is not just the United States against Japan or
 other international foes, but companies like DEC versus Hewlett-Packard and
 IBM versus AT&T, and the city of Austin, Texas, versus that of San Diego,
 California.

 Similarly, Armacost's (1985) analysis of the creation of the intermediate-
 range ballistic missile (IRBM) in the United States illustrates the multidimen-

 sional character of conflicts. In this case, conflict took place only indirectly
 between states. More direct were the struggles between companies compet-
 ing for orders, between political groups fighting to raise a majority and
 between various branches of the armed forces trying to get more funds-all
 of them inside the United States. Armacost writes:

 The formulation and execution of alliance policies, the application of limited
 reprisals, the persistent conduct of negotiations among quasi-sovereign enti-
 ties, and efforts to arrange compromises ... are all to be found in the IRBM
 dispute. (P. 253)

 This was indeed a conflict that included a large number of agents and was
 pursued with varying means at several levels.

 Interpretations

 Conflicts on the shop floor have, probably, been most widely studied.
 Particularly famous is Braverman's (1974) analysis of technological change
 as a means of increasing the degree of control that managers exercise over
 workers. As in Noble's (1984) study on the development of numerically
 controlled machine tools, automatization is analyzed as a tool for manage-
 ment to subordinate and control labor, as well as to polarize knowledge about
 the production process. Similarly, Bruland (1985) has shown how the auto-
 matic spinning mule was developed about 1830 to remove the crucial role
 that skilled male spinners played in the production process. These spinners
 constituted quite a powerful group among workers. If they went on strike,
 production would cease within days. Factory owners hoped that an automatic
 machine would break the power of the spinners-ultimately excluding them
 from the factories-and maybe enable owners to replace the spinners with
 women and children, who were less militant and less well organized. (The
 fact that the factory owners were not always successful in getting rid of the
 male spinners does not affect this suggestion [Bolin-Hort 1990; Lazonick
 1979].) The skilled male spinners thus found themselves in conflict with
 owners, engineers, and unskilled male workers, as well as with female and
 juvenile workers. Applying Dahrendorf's (1959) class model, which focuses
 on heterogeneously distributed power, it could be suggested that technolog-
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 ical change in industry can best be understood as the result of conflicts
 between the traditional classes or between certain status groups within these
 classes.

 Of course, there is also an economic dimension involved in many of these
 stories. Most of the technologies discussed in the previous section had to
 work in a competitive market. Like most capitalists, the 19th-century textile
 mill owner was forced by competition to try to increase profits and reduce
 costs. I would by no means suggest that profit motives play no role in fos-
 tering technological change. The interesting thing, however, is why the
 history of Western technology so strongly implies a bias toward innovations
 that reduce the reliance on workers, when neoclassic economic theory claims
 that there "is no reason to assume that attention should be concentrated on

 labor-saving techniques."4 As Rosenberg ([ 1969] 1976) and other critics have
 repeatedly pointed out, this theory is unable to explain why business leaders
 generally favor the reduction of labor costs in the face of others, that is, why
 there is a factor-saving bias in many firms. Drawing our attention to labor
 unrest as a motive force behind technological change, Rosenberg ([1969]
 1976, 117) shows that innovative activities, at least in the first half of the 19th

 century, were spurred by "the threat of worker noncompliance-in the last
 resort, strikes." Thus it seems as if a social conflict approach could be an
 important complement to economic theories of technological change. It
 might be of some importance for evolutionary theories, like that of Nelson
 and Winter (1977), in that it suggests that social conflicts influence the search
 and selection processes of faxns.

 Because economic competition is one form of conflict, a social conflict
 approach should not be seen in opposition to economic explanations. On the
 contrary, it should ultimately be possible to interpret some of the insights of
 institutional economics in social conflict terms, thus generalizing the results
 of this discipline. Highly important for such an endeavor is the present debate
 among economists about the relationship between, on the one hand, firm size
 and market structure, and, on the other hand, the rate of technical change.
 Summarizing recent research in this field, Acts and Audretsch (1991) con-
 clude, first, that, compared to a monopolistic industry, "industries composed
 of many small firms will tend to exhibit greater diversity in innovative
 activity as well as more rapid technological change" (p. 13) and, second, that
 "concentration exerts a negative influence on the number of innovations
 being made in an industry" (p. 14). Interestingly enough, the last conclusion
 squares well with Weber's ([1923] 1981, chap. 9) discussion of the guild
 system, which, being monopolistic in that it restricts the access to certain
 crafts, discourages change and supports the status quo. If we interpret these
 suggestions in conflict language, it could be assumed that highly asymmetric
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 and stable power relations are, generally, detrimental to technical change.
 As will be discussed further below, perfect symmetry (or, in economic terms,

 perfect competition) is, however, also disadvantageous to change. Compared
 to a society in which one group is totally dominant or an arena in which power
 is equally shared, it is more likely that technical change occurs in a society
 or an arena in which power and influence are unequally distributed among
 a relatively large number of agents. As Kamien and Schwartz (1982, 220)
 have shown, the theory of repeated games will lead to a similar conclusion:
 "Industries with moderate concentration or barriers to enter tend to foster a

 higher level of innovative activity"; from an unchallenged monopolist, very
 little technical change is to be expected.

 If we want to combine economic and social perspectives, Passer's (1953)
 classic study of the electrical industry cannot be overlooked-giving as it
 does several illustrations of how competition between firms influences
 technological development. The struggle between General Electric and Wes-
 tinghouse at the end of the 19th century concerned not only price policies but
 also patent rights and product design. Consequently, Passer posits three kinds
 of competition: over prices, patents, and products. As Kidder (1981) does in
 his famous novel about the development of computer technology, Passer also
 brings out the paramount role of research and development departments in
 the fight between firms. Although fiction, Kidder's book is particularly
 challenging in that it draws our attention to struggles between individual
 engineers and different engineering groups. Expanding on Collins's (1990)
 Weberian approach, it could be suggested that technological change is often
 driven by professional "status groups" fighting for influence and control.
 The history of medicine gives us ample evidence of the advantage of a
 conflict approach. Take, for instance, the introduction of obstetric forceps,
 which were carried into use by male doctors against the traditional methods
 of female midwives. The forceps became a tool to be used not only for
 deliveries but also for the establishment of professional prestige and status
 (Moscucci 1990).

 If technological development is affected by fights between professional
 groups, it is also influenced by asymmetries within one and the same
 profession. This has been eloquently illustrated by Bemer (1982) in an
 analysis of the gender division of the engineering profession. The history of
 this status group shows how women have been excluded from higher engi-
 neering education through processes of segregation and polarization. In the
 beginning, women were not allowed to enter technical colleges, and, when
 they finally could enter, they were initially placed in areas like textile and
 food technology. Even if society has changed throughout the 20th century,
 Berner shows how various selection mechanisms still make engineering a
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 strongly gender-segregated profession-thus leaving the development of
 technology biased toward male values. It is striking how female engineers
 and technicians are still overrepresented in less qualified and less influential
 jobs. Women typically end up doing routine tasks like drawing and drafting,
 whereas their male college friends move on to more advanced positions.
 Berner (1982, 39) concludes:

 Processes of segregation channel women into occupations in the periphery
 of industrial-technical development. Processes of subordination keep most
 women in low positions, and make careers and influence difficult for the few
 with higher technical education. (Bemer's emphasis)

 Although, for professional groups, status is a means to acquire what Weber

 ([1919] 1946) calls legitimate authority, it is, for many others, a way to gain
 acknowledgment. It is, for example, obvious that status fights between
 neighbors are an important engine for the development of consumer goods
 like automobiles. In this case, power is not exercised as direct control or
 coercion, but as the reception of a certain reward (Kriesberg 1973), namely,
 recognition. By buying a Jaguar, one's position in most social communities
 improves. If everybody else around owns Volkswagen Rabbits, the Jaguar
 owner will become one of the most distinguished people in the neighborhood
 (Bourdieu 1984).

 Status phenomena of this kind can best be understood if we turn to a
 sociopsychological theory like symbolic interactionism. As Collins (1975,
 58f.) has suggested in an attempt to fuse Marx and Weber with Durkheim
 and Goffman:

 The creation of emotional solidarity does not supplant conflict, but is one of
 the main weapons used in conflict. Emotional rituals can be used for domina-
 tion within a group or organization; they are a vehicle by which alliances are
 formed in the struggle against other groups; and they can be used to impose a
 hierarchy of status prestige in which some groups dominate others by providing
 an ideal to emulate under inferior conditions.

 Without such a perspective, it is very difficult to get a grasp on the continuous

 development of consumer goods. The dance around the annually issued
 automobile model (the golden calf of our times) is a typical emotional ritual
 in which those who are able to afford it dance hand in hand with those for

 whom it is nothing but a distant dream. Commercialism certainly influences
 the ways in which meaning is created, but we, as consumers, use its symbols
 to gain social prestige. The interesting thing is that status fights--like all other

 types of conflict-require that the conflicting agents share a common under-
 standing of what is desirable. Without these partially mutual values and
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 expectations, most consumer-oriented businesses would go bankrupt, and
 there would be very little technical change within this area.

 Although automobiles may represent an almost trivial case for a status
 conflict approach, there are, at the other extreme, everyday items that clearly
 seem to defy such an interpretation. What about the fork, for instance? Well,
 at closer scrutiny, even such a harmless utensil turns out to have a conflict-
 laden background. As Elias ([1939] 1978, 73) has shown, forks were first
 introduced into Western culture in the Renaissance as one among several
 measures taken by the nobility to "distance" itself from other groups in
 society.6 The fork was adopted from the Middle East by the upper classes as
 a means to exclude other groups from their circles-thus serving the same
 purpose as handkerchiefs and so-called good manners. Only the "rustic" and
 "vulgar" commoners were disgusting enough to eat and blow their noses with
 their hands (p. 77). Like the handkerchief, the fork became "a weapon against
 social inferiors" (p. 151). The fork was carried into Europe for social rather
 than practical reasons; it was a means for the nobles to achieve "distinction,"
 not a tool to simplify eating (p. 151). In other words, as long as we believe
 that technology is applied only for practical reasons, the existence of forks
 and other artifacts is taken for granted. Such a naturalist-pragmatic view of
 technology, just like the functionalist view, is inimical to a critical under-
 standing of our world. If we want to disenchant this world, a social conflict
 approach may often be helpful.

 Reinterpretations

 So far, attention has been drawn to only some of the many case studies
 that discuss technology in terms of conflict, and some preliminary theoretical

 conclusions have been suggested. Another way of supporting the approach
 advocated here is to show that existing interpretations of certain cases would
 benefit from the application of a conflict perspective.

 Take, for instance, Sharp's (1952) famous ethnographic analysis of the
 coming of steel axes to an aboriginal society in Australia. Because his work,
 despite its shortness, includes a wealth of information and unannotated
 observations, it lends itself unusually well to some tentative re' aterpretations.
 Because Sharp's article has, in an unfortunate way, formed many anthro-
 pologists' view of technology, a rereading has been long called for. Through
 his deterministic glasses, the author sees the steel axes as the direct cause of
 the dissolution of the Yir Yiront culture. Also a decent functionalist, Sharp
 observes that in this culture stone axes traditionally served several purposes
 -both ritual and practical ones. Stone axes were culturally important arti-
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 facts and could be owned by older men only. Whenever a younger man or a
 woman needed to gather wood, he or she had to borrow one from an older
 man. During festivals, stone axes served a central ceremonial function.
 Owning stone axes was a privilege.

 Given to the Yir Yiront people by missionaries, steel axes, on the other
 hand, were used only for chopping wood. They carried no symbolic value.
 As a tool, the steel ax was extremely efficient and clearly superior to the stone

 ax. Sharp claims that the traditional culture began to collapse shortly after
 the missions had been set up. The downfall, he concludes, was due to the fact
 that the new tool was not symbolically integrated into the Yir Y1ront mythol-

 ogy; to the old society, steel axes could only be dysfunctional. If we adopt a
 conflict perspective, this conclusion can be challenged. Sharp does not seem
 to realize that women and young men might have accepted steel axes to get
 around the power of the elders and thus liberate themselves. It may well be
 that women and youngsters very consciously chose to adopt the new tech-
 nology to change the social hierarchy. Possessing steel axes, they did not
 have to rely on the elders when gathering wood-which was the traditional
 task of these two groups. When steel axes were adopted, the degree of sub-
 ordination diminished. As was indicated by the quotation from C. S. Lewis
 at the beginning of this article, tools are not only instruments to master nature;

 they are also means to govern people. Conversely, they can also be used to
 avoid being governed by people. Surely, it does not follow that it was the
 intention of women and young men to ruin the whole Yir Yiront society. As
 Winner (1977) has pointed out, we always have to distinguish between
 intention and effect.

 In Mack's (1990) story of the Landsat project, previously referred to, the
 relation between intentions and effects is often much more immediate. In

 1966, the Department of the Interior published a proposal for an EROS which
 it, allegedly, wanted to launch 3 years later. However, as Mack shows, the
 proposal was not quite seriously meant, its main purpose instead being to
 force the National Aeronautics and Space Administration (NASA) to get its
 act together. And, indeed, "The announcement of the EROS program was not
 a failure; it caused NASA to accelerate its earth resources research and

 development program" (Mack 1990, 63). Just like low levels of entry into an
 area of business seem to stimulate innovation, the threat from the Department
 of the Interior made NASA officials realize that they could not drag their feet
 anymore. Unfortunately, Mack does not make this splendid observation bear
 on her theoretical discussion. In her introductory chapter, she nicely claims
 that technology is molded by conflicting interest groups, but, instead of
 suggesting that conflicts may have a positive impact on the rate of techno-
 logical development, she repeats the traditional view that conflicts are
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 detrimental to change: "The development of Landsat quickly became tangled
 in conflicts ... [that] ... slowed the project" (p. 4).

 Another study that could benefit from a conflict reading is Pelto's (1973)
 much-cited work on the introduction of the snowmobile in Finnish Lapland.
 Unlike Sharp (1952), Pelto does not adopt a strongly technological determin-
 ist perspective, even though his focus is on the effects of the snowmobile.
 Combining voluntarism on the agency level with a weak form of determinism
 on the structural level, Pelto claims that one of the main effects of the snow-

 mobile was an increasing degree of social stratification. Because not every-

 one in the Lapp communities wanted to-or was able to-acquire a snow-
 mobile, a process of "techno-economic differentiation" set in (pp. 168ff.).
 The outcome, in this case, largely unintended, was a growing social and
 economic gulf; polarization occurred as the gap between the "haves" and
 "have-nots" became substantial.

 After having discussed "the main effects of the snowmobile," Pelto (1973)
 suddenly throws away the "causal arrows" leading from technology to so-
 ciety (pp. 165, 179). Instead, he briefly brings out

 the inescapable importance of individual differences (in both physical and
 psychological characteristics) as factors affecting the adaptive strategies that
 are played out in the ongoing social action. (P. 179; Pelto's emphasis)

 In addition to these psychoindividual factors, there is in Pelto's book, as well
 as in an article written by Pelto and Muller-Ville (1972), plenty of observa-
 tions that go a long way toward explaining the differentiation process in so-
 cial terms. In both Lapland and North America, those who first bought snow-
 mobiles were, generally, either "men of some stature and importance in the
 community" or people who already had strong economic ties to the world out-

 side the Lapp society (Pelto and Muller-Ville 1972, 184). Among such inno-
 vators were a "schoolteacher, a nurse, a postman, and a forest ranger," all of
 whom relied on incomes continuously supplied by external sources (p. 170).

 These observations imply that certain groups, and not the new technology,
 started the differentiation process. Increasing stratification was the outcome
 of actions taken by those who were already at a social or economic advantage.
 By acquiring snowmobiles, well-to-do reindeer owners could get yet another
 advantage by being able to control and round up larger herds, and compara-
 tively well-off wage earners could do their job more efficiently than before.
 Pelto (1973) clearly shows that the innovators gained considerably from the
 new means of transport. The outcome was an increasing degree of social
 polarization, or even segregation. As snowmobile ownership has spread,
 groups without snowmobiles have been increasingly excluded from eco-
 nomic improvements and social events. Adopting a new technology may
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 often become a means of getting ahead of others; resisting the adoption of
 an established technology may result in getting ever further behind.

 If institutional economics has taught us that both monopoly and perfect
 competition are injurious to technical change, the reinterpretation of Sharp's
 (1952) Yir Yiront story has indicated that latent conflicts may become
 manifest when new technical opportunities appear. If Elias's ([1939] 1978)
 fork example has illustrated how technology is adopted as a means of
 acquiring "symbolic capital" (Bourdieu 1984), Pelto's (1973) snowmobile
 case has shown how new techniques are initially carried into a society by
 certain distinct groups to get a "positional advantage" (Hirsch 1977). A posi-
 tional economy is very favorable to technological change, in that there will
 always be a market for new products, whereas, in a totally homogeneous
 society, new technology will not be easily introduced.

 In recent years, several scholars have drawn our attention to the role of
 controversy and conflict in technological development. This article has at-
 tempted to systematize their works, suggesting that a Weberian social conflict
 approach could be fruitfully applied to the analysis of sociotechnical change.
 By discussing technology and technological change as the outcome of sub-
 ordination, power, control, and exclusion, this study has suggested a move
 away from endless quarrels over technology-push versus demand-pull, inno-
 vation versus usage, and shaping versus impact. It is not that these concepts
 are empty, but that technology-and-society studies have to find another
 dimension of discourse. Social conflict may be one.

 Notes

 1. Quoted in Pacey (1983, 12).
 2. Influential books in the systems theory and cybernetic traditions are those by Ashby

 (1964) and Checkland (1981). An attempt to introduce this perspective into technology-and-
 society studies has been made by Karlqvist (1983).

 3. Liedman (1986) criticizes this position, but calls it "functionalist," a term that I would
 like to avoid in order not to confuse it with the organicist view of society previously described.

 4. Salter (1960, 43f.) quoted in Rosenberg ([1969] 1976, 109).
 5. cf. Goffman (1967). Goffman is not, strictly speaking, a symbolic interactionist, but one

 whose work is closely related to that school.

 6. Bogner (1989) discusses the centrality of power relations in Elias's work.
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THE CURIOUS CASE OF THE 
VANISHING TECHNOLOGY 1 

Graham Button 

Sociologists interested in the social constitution and organisation of tech-
nology have rallied to the cry 'address the content of technology' .2 This 
reveals the extent to which an embryonic new 'sociology of technology' is 
juxtaposed against traditional sociological interests in technological 
phenomena which, it is argued, ignore the social foundations of tech-
nology.3 The general run of sociological interest in technology is said to be 
less concerned with questions about the constitution and organisation of 
technology than it is with using technology as a platform from which to 
observe the constitution and organisation of the structural arrangements 
of society. 

Posed against a technological determinist position, the argument that 
technology is constrained by social considerations may seem a powerful 
enough way of sustaining sociological concerns in the social character of 
technology, for it motivates an examination of how it is constrained.4 The 
sociologist can thus develop an understanding of the various mechanisms 
through which the social world impinges upon and shapes technology. 
However, on close inspection the constraining mechanisms that have been 
posited often tum out to be very familiar to sociologists from other 
domains of study. For example, MacKenzie and Wajcman's (1985) collec-
tion of studies of technology emphasises the role of economics and gender 
in the shaping of technology, forces that have been recognised to be at 
work in other domains of activity as well. There is, though, a fine line to 
tread between developing an interest in the shaping mechanisms and an 
interest in the phenomenon that is said to be shaped. In emphasising what 
might seem to be generally operative forces such as economic and gender 
forces, there is a danger that the argument that technology is socially 
constrained and shaped may run the risk of losing the very 'content' of 
technology it wishes to address. Instead of examining what it is about 
human activity and human interaction that makes technology the recog-
nisably distinct phenomenon it is understood to be by those who design it, 
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make it, use it, write and talk about it, an analysis of the posited shaping 
forces can end up taking precedence, and technology itself can thus 
become merely another incidental arena in which to observe them at work. 

For some, however, the emphasis upon the social construction oftechnolog/ 
augurs both the possibility of breaking free from traditional under-
standings of technology as a determining influence upon society and of 
developing an understanding of the very constitution of technology un-
constrained by sociological categories of analysis: categories concerned 
more with the social by-play of technology than with the content of the 
technology itsel£.6 Thus, the ideas associated with the social construction of 
technology may have an initial appeal to those sociologists who are dis-
satisfied with more traditional arguments over the relationship between 
structure and action.7 Given its pedigree in the sociology of scientific 
knowledge (SSK), 8 the social construction of technology promises actually 
to address the technology itself, without transforming technology into yet 
another phenomenon in the determination of social arrangements. 

However, it will be suggested here, along with Woolgar (1991}, that the 
translation of constructionist positions in the sociology of scientific knowl-
edge for a sociology of technology is not without its dangers. The argument 
behind this conclusion differs from Woolgar's though. It will be contended 
that the emphasis upon the social construction of technology obscures the 
fact that the concept of technology is intelligibly used in our culture to 
orientate to a particular domain of social life; the facticity of technology is 
displayed, accounted for, and testified to in participants' activities. In short, 
the argument here is that technology is a social produdion. Recognising that 
technology is a socially produced phenomenon directs attentions to the 
details, the haecceties9 of its production and allows the work through which 
technology is socially produced to be inspected for its distinctive character. 
For these reasons ethnomethodologists have tended to examine tech-
nology under the rubric of ethnomethodological studies of work, 
enquiring into the specifics of technological work, asking what it is about 
that work that comprises its technical character. In other words, an ethno-
methodological thrust at technology is concerned with how technology is 
produced in the specifics of the ordering ofwork activities. 

In what follows I want briefly to explore the reasons why examining 
technology in this way makes the rather obvious fact that technology is a 
socially grounded phenomenon interesting. I will do so through a consider-
ation of other, particularly social constructionists' attempts to address the 
socially constituted nature of technology. This is not intended to be a 
criticism of these positions.10 However, the analytic auspices of this 
collection diverge from those of social constructionism, even though on 
the face of it they may seem, to those not versed in the respective argu-
ments, very similar. It is hoped that in distinguishing the different argu-
ments the reasons why the majority of studies in this book are empirical 
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studies of social actions and interactions through which technology is 
ordered can be revealed and underscored. In short, the questions that will 
be addressed in this chapter are: i) how do we preserve the sense of 
technology as an achieved domain of social life that is orientated to and 
produced in the details of the activities and interactions of people who 
plan, design, construct, make, and use it, and who talk and write about it? 
and ii) how do we address and reveal the details of that achievement? 

SOCIOLOGY AND TECHNOLOGY 

The revival of interest in technology amongst sociologists can be accounted 
for by relatively new developments within both technology and sociology. 
Within technology, the advent of 'the micro-chip revolution', the growth of 
'information technology', and the dawn of what is generally referred to as 
'new technology' beckon sociologists with the implicit promise of the 
emergence of a new form of society, and because they have spawned yet 
further topics on which to ply the sociological trade. 11 Within sociology, the 
broad social constructionist position, flushed with success in revitalising the 
sociology of science, has recognised that technology would seem to be 
amenable to the sorts of considerations that it brought to bear on science.12 

Thus, whilst in the years since it was first broached in the 1920s Ogburn's 
ambition for a sociology of technology has been at times becalmed by the 
winds of sociological interest, it is currently in full sail, though perhaps 
under a different flag to the one it flew when launched. 

However, whilst an interest in developing a 'sociology of technology' 
may have fluctuated, sociology has nevertheless steadfastly nurtured an 
interest in technology. There is no contradiction here,just the recognition 
that there is a difference between a sociology that treats 'technology' and 
'technological knowledge' as sociological topics in their own right and a 
sociology which uses technology as a platform for viewing the constitution 
and structural arrangements of society in general. It is the fortunes of the 
first that have varied whilst the fortunes of the second are, in part, the 
fortunes of sociology itself. 

Throughout its history, sociology has had occasion to invoke technology 
in its description of the way in which the structural arrangements of society 
have been constituted. The idea that technology plays a constitutive role in 
the organisation and reproduction of social relationships can be found in 
the very foundations of sociology. It has also been a feature of the sub-
sequent emergence of sociology as a distinctive discipline, and continues to 
inhabit the new moments of contemporary sociological thought. For 
example, Marx recognises the importance of technology for understanding 
class relationships in his examination of the relationship between labour 
and technological production in the form of automated and powered 
machinery. Also, technology is invoked in discussions of social change, the 
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favoured example being White's argument that the development of 
feudalism as a social system was the product of the stirrup (White 1978). 
Further, technology also figures in recent post-modernist descriptions of 
society; Poster (1990), drawing from the works of Baudrillard, Foucault, 
Derrida, and Lyotard, argues that new forms of social reality and social life 
are emerging due to the increasing mediation of communications by 
electronic machinery. 

Obviously these examples differ from one another in various ways, but 
they do display a similar interest in the relationship between technology 
and society. For Marx, the technology of production plays a role in the 
constitution and the reproduction of class relationships in capitalist society 
in as much as technological-based production is characteristic of the mode 
of production in capitalist society. Further, for White, the new form of 
combat made possible by the stirrup necessitated a reorganisation of 
society that would sustain a new warrior elite. Finally, for Poster, technology 
has changed the nature and the consequences of communication: 'the new 
level of interconnectivity afforded by electronic media ... heightens the 
fragility of social networks' (Poster 1990: 3). 

As these three examples show, sociology has pursued an interest both in 
technology as an agent in the constitution and transformation of social 
relations and in describing the mechanisms through which technology 
impinges upon the organisation of society as a whole. The strongest state-
ment about the order of the mechanisms involved has been posited by 
'technological determinists', those such as White who argue that tech-
nology causes social development. It cannot be argued that this extreme 
deterministic understanding is a feature of Marx's and Poster's arguments 
or that it is a feature of the general run of sociological interest in tech-
nology. However, it has been the influence of technology upon social 
structure rather than the social constitution of technology that has held the 
interests of sociology, technological determinism being just an extreme 
formulation of the general conception of the relationship. 

In contrast to the general run of sociology, however, it is the argument 
that technology is a socially constituted phenomenen that has assumed a 
predominant place amongst the ideas of a small group of sociologists who 
have attempted to develop the study of technology as a particular rather 
than a diffuse topic. The relationship between technology and society that 
is promoted by this attempt is summed up in the title of MacKenzie and 
Wajcman's (1985) reader The Social Shaping of Technology. They argue in 
their introduction that through economic and gender mechanisms the 
social is constitutive of technology and technological development. Thus 
they quote approvingly Hughes's (1985) study of Edison's development of 
the light bulb, arguing that the economic forces at work that he describes 
display the efficacy of the social. Further, they invoke Cockburn's (1985) 
study of compositors in the printing trade to show how the gender 
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mechanism has resulted in technology becoming the property of men 
through the exclusion of women from technological jobs. The general 
outline of 'the social shaping of technology' was drawn against a back-
ground of sociological interest in technology as an arena in which 
traditional interests in issues such as labour relationships were played out. 
Thus, as will shortly be examined, the argument was that in as much as the 
technology could be viewed as socially shaped, then the content of 
technology was amenable for sociological scrutiny. 

The argument that technology is socially shaped however, constitutes only 
one wing within the sociological camp that has generally argued that 
technology is a socially constituted and organised phenomenon. Another 
wing has gone further than saying that technology is shaped by social factors 
and has argued that technology is socially constructed. Drawing upon the 
branch of constructionism within the sociology of scientific knowledge that 
calls itself' the empirical programme of relativism', Pinch and Bijker ( 1987) 
argue that there are a number of parallels (which we will shortly examine) 
that may be drawn between studies of the social construction of scientific 
knowledge and the social construction of technology. However, the term 
'social constructionism' is a broad one and it cannot be represented as if it 
were all of a piece. The differences between the factions in the field of SSK 
have spilled over into the new constructionist interest in technology. Thus 
Woolgar (1991) questions the epistemological value of turning to the 
empirical programme of relativism as advocated by Pinch and Bijker 
because they construe technology as an immutable object, immune from 
the forces of reflexive practice.13 In order to build in reflexive practice, 
Woolgar argues that technology can be understood to be 'reflexive text'. 

There are obviously keen differences between the various con-
structionist concerns that have been brought to bear upon technology, as 
indeed, there are between the constructionist positions and the positions 
of those who argue that technology is shaped by economic and gender 
factors. However, in considering the relationship between sociology and 
technology it is the similarities between the various positions that are more 
interesting for the purposes of this chapter. A first similarity is their mutual 
desire to overturn a deterministic position and reverse the relationship that 
has been posited between technology and the social, arguing that tech-
nology is grounded in and constituted by socially operative forces. 14 The 
second similarity, and the one I want to concentrate upon, is that they 
argue that traditional sociological concepts, theories, and methods are 
inadequate for the job of capturing the constituting forces of technology. 

This latter argument manifests itself in a common complaint that soci-
ology does not examine the composition and the content of technology. 
Thus, MacKenzie and Wajcman underscore the fact that technology is not 
just about objects but about human activities as well: '"Steel making", say, is 
technology: but this implies that the technology includes what steelworkers 
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do, as well as the furnaces they use' (MacKenzie and Wajcman 1985: 3). 
Pinch and Bijker (1987) argue that, whilst, in examinations of techno-
logical innovation, there are discussions of the influences that are brought 
to bear upon technology, there is no discussion of the content, no dis-
cussion of what makes up the technology in question: 'the technology 
itself. In arguing for a reflexive version of technology, Woolgar suggests 
that the following question is asked: 'How is the reality of the technology 
itself created, described and sustained, and, in particular, how do the 
effects and capabilities of the technology relate to the effects and 
capabilities of the other entities in the text in which they are inscribed?' 
(Woolgar 1991: 42). Callon (1986) emphasises how his ideaof'translation' 
allows the mechanisms through which actor-worlds are constructed to be 
brought to the fore and how these mechanisms cannot be taken for 
granted: 'whether they are fuel cells, catalysts, users, or industrial firms, 
translated entities could in theory follow other routes or be brought onto 
other projects' (Callon 1986: 36). Law (1987), in his study of Portuguese 
expansionism in the fifteenth century, stresses how technology is an 
'emergent phenomenon' requiring associative activities: 'The galley builders 
associated wood and men, pitch and sailcloth, and they built an array that 
floated and that could be propelled and guided' (Law 1987: 115). 

Therefore, the idea that technology can be viewed as a socially con-
stituted and socially organised phenomenon leads its various advocates to 
argue that it is the content of technology itself that is the sociologically 
interesting issue because it is socially shaped or socially constructed. Thus, 
although they may have their differences, the various arguments associated 
with the idea coalesce around an interest in the 'social content of 
technology'. 

But it is here that we encounter a profound problem. If studies done in 
terms of this announced interest in the content of technology are 
examined, it seems that the content of technology, far from being visible, 
has mysteriously vanished in the course of the investigation. We can begin 
to illustrate this with respect to two of the gender-orientated studies found 
in MacKenzie's and Wajcman's collection. In Cockburn's (1985) 
examination of compositors it seems that, despite her declared interest in 
the skill and technology of com positing (which can be regarded as aspects 
of the technology itself), the details of the work practices of compositing 
and the details of the use of the technology are glossed over. Instead of a 
description of what the work consists of as the embodied skilful practices of 
the compositors, we are offered an account of the construction of gender 
differences and hierarchy at work, reinforced by the concept of patriarchy. 
The account actually given is an overhaul of descriptions of sexual relation-
ships at work. 

Similarly, Barker and Downing's (1985) account of the introduction of 
word processing in the office is not an account of the actual use of 
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technology in terms of, for instance, the work practices of using word 
processors or how that technology sits beside existing organisations and 
work practices. These are issues involving 'the content' of technology. 
Instead, it is an account of 'how a form of control which embodies the 
social relations of men's dominance and women's subordination is being 
replaced by a technology which isn't "neutral" but embodies the social 
relations of capital's dominance over labour' (Barker and Downing 1985: 
163). 

These studies would suggest that, despite the claims, it is not the tech-
nology that is the interest but gender relationships. Technology is merely one 
of many arenas in which to view the playing out of gender relationships in 
society at large. It is 'power in society', 'the capitalist mode of production', 
'the reproduction of and resistance to gender relationships' that are the 
real topics of enquiry, not the technology itself. Now, and importantly, I am 
not proposing that in themselves these topics of analysis are illicit or that 
technological arenas should not be used to explore them. Indeed, if an 
interest in gender relationships is being pursued then the office or other 
work-places provide an obvious context in which to explore them. 
However, it is necessary to face squarely just what the interest is and to be 
honest about that interest; in these examples it is not, as might be supposed 
from the claims made by MacKenzie and Wajcman, the quiddity of 
technology. Again, in these studies which stand testimony to the idea of the 
'social shaping of technology', the technology seems to vanish from view. 
This is a worry if, as has been argued, the social shaping of technology is 
supposed to stand in contrast to traditional interests amongst sociologists 
in technology. 

Part of the problem here might be that the proponents of the social 
shaping of technology argument are utilising traditional sociological cate-
gories of analysis such as economics and gender. The social constructionist 
school of thought has, however, in part developed in opposition to the use 
of these categories. It is then more surprising to find that, within con-
structionist examinations, technology it is still found to be subservient to 
sociological theories and categories of analysis.15 

THE SOCIAL CONSTRUCTION OF TECHNOLOGY 

Pinch and Bijker (1987) argue that the developments in the sociology of 
scientific knowledge that have taken place in the last decade may be 
productively translated into studies of technology. Taking one particular 
strain of thought in SSK, the 'Empirical Programme of Relativism' (EPOR), 
they argue that a 'social construction of technology' (SCOT) can be de-
veloped that parallels the analytic and descriptive stages of the EPOR. They 
identify three common stages. In the EPOR the first stage is to demonstrate 
that science is open to different interpretations (interpretative flexibility of 
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scientific findings) which is paralleled in SCOT by demonstrating that 
technological artifacts are socially constructed and interpreted. The second 
stage of the EPOR is to map out the mechanisms through which debate is 
closed; this is paralleled in SCOT by the stabilisation of the artifact by not 
only 'solving' the problems but having relevant groups see that the 
problems have been solved. The third stage is exactly the same for both -
to see how the content of the artifact (scientific or technological) is related 
to the social. With respect to SCOT this can be done by examining the 
meanings that are given to technological artifacts by relevant social groups. 

Woolgar (1991), however, takes Pinch and Bijker to task for promoting 
this wholesale translation of SSK concerns into concerns for SCOT. His 
main objection is that this translation loses the epistemological bite of SSK 
because it replicates for studies of technology what he describes as an 
analytic ambivalence in relativist-constructionist approaches such as the 
EPOR. One relevant feature of this argument is that the EPOR is a form of 
'realism'. 

This might seem to be a strange problem to lay at the door of a group of 
people who espouse a relativistic point of view. However, in their ironicising 
of scientific accounts and, in the move to technology, their ironicising of 
technological accounts, they take an intentionally and distinctly opposi-
tional position to the understanding of technology displayed both by the 
people they study and in the various disciplines that make up the fields of 
science and technology. Thus, for example, as opposed to reality being an 
objective phenomenon, as it is conceived within the natural sciences, an 
alternative conception of reality is provided by the relativist-
constructionists which is that reality is the culturally dependent social 
construction of the natural sciences. They use this understanding to under-
mine the claims of science and technology, and confront scientific and 
technological practice as engaged in and orientated to by those whose work 
testifies to its factual status, utilising the theoretic predisposition to view 
reality as socially constructed. 

Although I am not sure that Woolgar would want to put the argument in 
this way,16 I am sure that he would recognise the contradictory upshot of 
the relativist-constructionist position for he writes: 'The relativist argument 
ironically depends upon a practical (that is "discursive" or "textually 
embedded") realism, both with respect to the purportedly extant reality 
underlying scientists' constructions and with respect to the antecedent 
circumstances recruited as explanations. We thus see that the program-
matic relativism gives way to a realism in practice' (Woolgar 1991: 24-5). 

However, there is a further issue which also emerges from what Woolgar 
calls this 'analytic ambivalence'. It is that in these studies of science and 
technology the status of science and technology as worldly cultural objects 
vanishes. That is, how science is known as and in science and how 
technology is known as and in technology, and, indeed, how they are both 

17 



ANALYTIC ORIENTATIONS 

encountered in the everyday world of cultural experience, is lost to the 
sociologist. Through an act of theoretic fiat a whole domain of human 
activity, as it is understood by those who produce it and those who live in 
the culture in which its practices are manifest and attested to, is lost. The 
orientations of scientists, the orientations of technologists, the orientations 
of persons at large in society are lost by ironicising them through relativist-
constructionist theoretical practices. Consequently, the practices of 
scientists and of technologists, as they are known to those who engage in 
them, are lost to a sociology intent upon pushing and championing its 
version of social reality. 

This is not to say that we should credulously believe everything scientists 
or technologists say to us, or to say that we should thoughtlessly believe in 
the renditions of science and technology we encounter in the street. Far 
from it. However, if, as the relativist-constructionist position announces, it 
is necessary to attend to the beliefs and sayings of scientists and tech-
nologists, we also have to find a way of maintaining an analytical in-
difference to those beliefs in addressing their manifestation in the activities 
of science and technology. Otherwise we would not be able to understand 
their role in the production of scientific or technological knowledge 
because we would be in continual dispute with the people we study. 
However, we hardly maintain an indifference to them if we wish to replace 
the theories and beliefs of scientists and technologists with the theories and 
beliefs of sociologists. 

Despite all that is said about the differences between the relativist-
constructionist position and the positions taken in sociology at large with 
respect to issues of 'reality' and 'knowledge', it turns out that there is a 
common interest in juxtaposing the sociological descriptions of activities 
with the description that the people who engage in those activities would 
give, though without any notably intense concern for ensuring that the 
descriptions of those involved in science and technology are properly and 
cogently identified, described, and understood. Thus, the professional 
speaking and writing of scientists is often construed by the constructionists 
as a form of realism, and as a naive form of it at that, without their even 
considering the possibility that this is an inadequate way of understanding 
that speaking and writing. That constructionists may share this proclivity 
with their realist opponents does not justify their dependence on it. Like 
sociologists at large the relativist-constructionists want to describe what is 
really going on in contrast to what the people involved in the activity think 
they are doing. They want to tell us, and scientists, what scientists are really 
doing regardless of what they may themselves say about it. Harvey Sacks 
once remarked on an old sociological formula that he felt was played out 
in most of the major works in the social sciences: they suggest that people 
think they know about the things that they do, then argue that they do not 
really know about such matters, and finally suggest that the current 
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sociological text will show them what they are really doing. In the relativist-
constructivist argument it is possible to view yet another version of this old 
formula at work. 

One of the self-proclaimed virtues of the relativist stance is said to be that 
it does not privilege particular accounts of reality, for example that it does 
not privilege accounts given by scientists or technologists. Before pursuing 
this further it should be noted, however, that this is not a particularly new 
turn of thought. It has been previously espoused by labelling theorists of 
deviance who balked at the idea that deviance was an inherent quality of an 
act or a person and instead lodged the reality of deviance in social processes 
and social negotiations.17 The contradiction in this argument has, however, 
long been recognised. Coulter (1973) made the point that it strips people 
of their ability to assess their own activities; people are precluded from 
recognising their private activities as deviant because 'the reality of 
deviance' resides in its social construction; deviance is constituted only in 
the negotiation and consensus organised in the publicly successful 
labelling process. Inevitably, then, labelling theorists are not only denying 
people their own version of reality, denying their ability to reflect upon 
their private activities utilising the cultural resources at hand, but also the 
utility of those very resources themselves. The upshot of labelling theory 
was that, contrary to its claims, it was yet another sociological theory 
attempting to demonstrate that sociologists have a keener insight into the 
true nature of social reality than others. 

The relativist-constructionist position does not seem very different to 
that espoused by labelling theorists in this respect, for their argument is 
that the reality projected by science is to be displaced by the reality 
projected by sociology, and the meaning which scientists give to their own 
actions is to be transformed by the sociologists' reinterpretation. For 
example, against the picture of 'discovery' that is abroad in science which 
depicts discovery as the outcome of the application of scientific procedure, 
the relativist-constructionists pitch a description of discovery as the out-
come of 'consensus formation'. There is a danger here of losing hold of 
both science and technology not only by absorbing individual sciences or 
technologies into an undifferentiated 'science' where it is not possible to 
distinguish one science from another (genetics from physics say) but also 
by drawing the very domain of science into other domains in which the 
process of closure occurs. The problem here is that in our culture there are 
distinguishable and recognisable 'domains' of activity. The way in which 
they are distinguished is what tells us about them, for in our culture their 
possibility is something that is recognised as the work of (the) science and 
the work of (the) technology. We can, without too much difficulty, speak of 
people being 'technical' and people being 'non-technical', and can 
recognise someone as doing technical work as opposed to messing 
about'. If we want to make science, scientific knowledge, technology, and 
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technological knowledge phenomena available for sociological investiga-
tion in such a way that we actually address the science or the technology, 
i.e. their 'contents', then constructing an alternative version of reality 
would not seem to get us very far. There is, as Woolgar rightly remarks, an 
'analytic ambivalence' here. 

As a result of this ambivalence something is missing in relativist-
constructionist accounts. This is the interactional work through which the 
specifics of the technology are produced. In merely rendering a socio-
logical theory of reality, the interactional practices and processes through 
which technological work is organised and the technology itself is 
produced are missing. The common recognisability in our culture of the 
phenomenon of science or the phenomenon of technology is lost to the 
relativist position; just what is involved in doing scientific work and just 
what goes into the production of a piece of technology is certainly blurred 
in their accounts, and thus the ordinary distinctions that exist in our society 
are disregarded in the name of a sociological theory of reality. People are 
being asked to give up established distinctions without it being clearly 
understood what they involve, on the basis of a sociological theory which 
has only the most ambiguous relationship to the meaning of their activities. 
Consequently, the methods through which phenomena are distinctively 
produced and recognised are missing from these accounts. 'ffila( it is to be 
doing science or technology, the interactional specifics of the work of (the) 
science and of (the) technology are ignored, and hence the science and 
the technology vanish from view.18 

Woolgar's solution to the 'analytic ambivalence' that he associates with 
the relativist-constructionist position is to examine technology as reflexive 
text. In the light of the above argument we can ask if this reintroduces the 
'missing what' of technology, the specifics of the interactional work of 
ordering technology. To both address this point and to understand his 
argument it is necessary to recall the thrust of a reflexive tum in the 
sociology of scientific knowledge. Previously Woolgar (1988) argued that 
the phenomena of investigation are the discursive and interpretative 
practices through which scientific accounts of physical phenomena and 
sociological accounts of scientific practices are constructed. In this account 
the idea that science is practical action and even the idea that science could 
be construed as an object are considered to be less viable sociological topics 
than the actual sociological accounting practices themselves. In other words, 
his sociological interests are aimed at the practices of sociological 
description. Woolgar preseiVes this argument in his opposition to the 
relativist-constructionist position: 'Under this rubric, what we apprehend as 
technology is to be construed as text, the production and consumption of 
which is on a par with our own writing and reading practices' (Woolgar 
1991). He gives a demonstration of what such an orientation might then 
look like by referring to Winner's account of the Moses Bridge. 
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Winner (1985) argues that 'technology can have politics' because the 
Moses Bridge which connects Long Island to Jones Beach was built in such 
a way that it physically precluded the use of public transport. In as much as 
this form of transportation was normally used by Black people, Winner 
argues that the technology excluded Blacks from prime recreational terri-
tory, leaving it for the almost exclusive enjoyment of Whites. Woolgar 
argues that the technology can thus be read in two ways: as a way of 
transporting people or as a way of playing out racial prejudice. Woolgar's 
interest is in the persuasiveness of the text, with what it is that makes one 
reading of the text more persuasive than another reading. Now the object 
of interest is both an ontological one and an epistemological one. It is 
ontological in the sense that he is interested in how the reality of the 
technology is constituted through the inscription process, and it is 
epistemological in the sense that he asks how, given the fact that texts may 
be variously interpreted, technology is factually constituted. Woolgar's 
reflexive understanding of the phrase that 'technology is text' is, he argues, 
'an attempt to integrate in the web of associations through which our 
apprehension of technology is ordinarily constrained' (Woolgar 1991). 

However, far from providing for the ways in which technology might be 
ordinarily constrained, juxtaposing the two readings of the bridge in this 
way obscures those ordinary constraints. The reason for this is that the two 
readings of the bridge are placed alongside one another as if they were 
different and independent readings. However, even upon light reflection it 
can be recognised that one reading is necessarily dependent upon, even 
requires the other. That is, the reading or description of the bridge as a 
means for playing out racial prejudice is dependent upon the very 
description of the technology as a bridge and an understanding of the way 
it works in transporting people. The account of the bridge as an agent of 
social control is then a re-description, the intelligibility of which is dependent 
upon the prior description 'bridge' .19 One account is tied to and embedded 
in the other, indeed has to be preceded by the other description. In this 
respect one reading of the bridge does not replace the other.20 The socio-
logical account of the bridge as an agent of social control is irremediably 
tied to the ordinarily constrained description of the technology 'as a 
bridge' and the whole understanding of its relation to racial prejudice 
hinges upon the understanding that bridges are constructions which 
supposedly enable people to make crossings. To pursue the persuasiveness 
of one reading over the other is then to direct our attention away from the 
ordinary constraints involved in describing some technology 'as a bridge'. 
It focuses upon the sociological re-description as opposed to the descrip-
tions that people ordinarily give of the world and the objects in it, it directs 
attention away from the 'ordinary constraints', as Woolgar puts it, involved 
in the recognition and description of technology. Yet, these 'ordinary 
constraints' are a feature of the intelligibility of technology. Consequently, 
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in the reflexive turn in constructionist studies the technology also seems to 
vanish in misconceived problems of sociological description. 

What of the other constructionist argument that Woolgar does not 
address, 'the actor-network' position? This idea and its corollary 'trans-
lation' are associated with with Latour (1987, 1988) and Calion (1986) and 
have been elaborated on by Law (1987). It was, in part as Calion argues, 
conceived in order to abandon the 'constricting framework of sociological 
analysis with its pre-established social categories and rigid social/natural 
divides' (Calion 1986: 34). Borrowing from a semiological heritage which 
has more of an interest in concepts such as 'textual signifier' than it has in 
'meaningful action', it allows animate and inanimate phenomena to be 
associated in ways that are not traditionally provided for in professional 
(and we might add, lay) sociology, for the actor network is an amalgam of 
elements. 'I use "actor", "agent", or "actant" without making any 
assumptions about who they may be and what properties they are endowed 
with . . . they can be anything - individual ("Peter") or collective ("the 
crowd"), figurative (anthropomorphic or zoomorphic) or nonfigurative 
("fate")' (Latour 1987). 

The idea of an actor-network is also found in studies of technology. For 
example, Calion's (1986) study of an electric car (VEL) in France invokes 
fuel cells, electrons, Renault, and users as actants; and in his study of the 
stabilisation of objects, artifacts, and technical practices built around a case 
study of Portuguese expansion, Thw ( 1987) describes actan ts such as wood, 
men, pitch, and sailcloth. The icilea of 'network' is also reworked. Calion 
(1986) argues that 'network' is not used in the traditional sociological 
sense, for it is not a stable assemblage of elements, rather it is a contingently 
linked series of heterogeneous elements which can at any moment redefine 
themselves and their relationships. 

A further element in the actor-network version of constructionism is the 
idea of 'translation'. In Latour's account The Pasteurization of France, 
Pasteur's laboratory, the microbes, and the routine of the laboratory 
through which they had been displayed 'translate' narratives about diseased 
animals and humans, about public health and sanitation into scientific 
accounts of the effects of microbes (Latour 1988). Again with respect to 
technology, Calion describes how EDF is a point of passage for character-
isations of Renault, fuel cells, and consumers and translates them into the 
entities they become. What they become is not fixed but is the achievement 
of the translation endeavour. They are constructed or constituted in the 
activities of translation. 

Notwithstanding the difficulties that may be associated with the assign-
ment of the same ontological status to animate and inanimate elements 
associated in an actor-network, the previous difficulties encountered in 
different forms of the constructionist argument may seem to recede. This 
is because in the actor-network approach, with its emphasis upon the 
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association of elements, it might be possible to find the specifics of the 
interactional work involved in the production of technological artifacts. In 
emphasising association the actor-network proponents might actually 
direct attention to the work involved in the production of technology as 
opposed to becoming entangled in debating reality with societal members. 

However, in a telling piece, Law (1987) reveals the analytic motivation 
behind detailing the association of elements in an actor-network. 'I am 
arguing, in common with Calion ... that stability and form of artifads should 
be seen as a function of the interaction of heterogeneous elements as these are shaped 
and assimilated into a network' (Law 1987; original emphasis). On this 
account the artifacts are the result of the elements that go into a network, 
and thus the reason for examining actor-networks would seem to be to 
satisfy the question 'How does an artifact emerge?' or, to put it another way, 
to answer the question 'Why are things as they are?' 

But surely this is the age-old question of sociology? Have not sociologists 
traditionally addressed the elements that have 'caused' a particular state of 
affairs to be as we perceive it? To be sure, the proponents of the actor-
network approach are attempting to be as comprehensive as they can, to 
broaden the accounting base, to introduce as many 'causes' as they can 
when they invoke the various 'actants' involved. In itself this may not be 
problematic. However, it is problematic in another respect, for once again 
the technology vanishes in a quest for its sources. All that has been done is 
that more and yet more elements are added, thinking that in adding them 
we will better know of what an artifact consists. However, in questing for the 
elements, the actual assembly, the details and processes of, to use their 
terminology, 'association' is, curiously, never addressed. 

This point can be made a little bit more concrete by examining a 
particular study done in the actor-network mould. In his examination of 
Portuguese expansionism in the ninteenth century Law describes the 
Portuguese galley as an emergent phenomenon which is the product of the 
galley builder's association of wood, men, and sailcloth. However, we 
should presumably also say of air (because the men must breathe), of food 
(because the men must eat), of microbes (because during the course of 
these things people would be sick), of the earth (because people must 
sometimes have something to stand on), of daylight (because people have 
to see), and so eternally on and on. Any list of 'actors' in their sense is likely 
to be only a very short and- given their approach- quite arbitrary selection 
from the effectively infinite list of actors involved. So, lest the strange 
rhetoric of the argument obscures its point or, on the one hand, the litany 
of, but on the other, the arbitrary selection of 'actors' stupefy the analytic 
senses, we should recognise that what we have here is no more nor less than 
a traditional issue: how to account for a particular state of affairs by 
combining various elements. The new move that is seen to distinguish it 
from previous sociological interests in technology is that, instead of 
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emphasising just one 'cause' or 'source', the social, there are multiple 
'causes' or 'sources, a 'pattern of forces'. 

However, what is missing in his description is an account of the details of 
the associating, an account of the interactional work, the particular em-
bodied practices of the galley builders, even though it is in those details that 
the galley as an artifact emerges, or is produced. The galley, as Law 
recognises, did not just emerge from the elements, it emerged from the 
association of the elements. But in Law's actor-network argument, although 
we have a description of all the things that went into the galley's produc-
tion, including the fact of their association, we are given no understanding 
of what that association consists of in the production of the particular 
object 'the galley'. This is because, in using the term 'association', Law has 
abandoned the idea of actions in favour of processes. Association becomes a 
process not an account of the work activities of constructing the galley. But 
the galley did not emerge from the fact that there was some wood lying 
around, men standing and looking at it, and some sailcloth flapping on a 
line. It also did not emerge from some unspecified processes of the associ-
ation of these elements. Rather, it was produced from out of the specifics 
of the embodied work of the galley designers and builders using an 
assemblage of materials. The galley is a product of their working order, the 
activities and interactions of their work. Without an account of those work 
practices the technology again vanishes in a puff of theoretical zeal. 

A further consequence of arguing that artifacts are a function of the 
association of the elements in a network is that the artifact is then merely 
used as a means for viewing the clash or conflict of elements in that 
network. If the technology is seen as the function of the interaction of 
elements it becomes a way of addressing those elements. In this respect it 
is the pattern of forces that is the object of analysis and the technology 
merely assumes the role of a platform from which to watch the associative 
and disassociative forces at work. It does not require much imagination to 
see that here again is the very problem that positions such as the actor-
network approach with its supposed emphasis upon the 'content' of 
technology might be expected to have addressed. 

TECHNOLOGY IN WORKING ORDER 

The order of problems that we have discussed above has made ethno-
methodologists wary of talk of constructionism.21 In an exchange between 
Harold Garfinkel and Norbert Wiley (Garfinkel and Wiley 1980), Garfinkel 
expressed his worries about the social constructionist bent in sociology, 
which at that time was rampant in interactionist studies. The major thrust 
of his argument was that in a variety of ways the idea of'construction' takes 
the phenomenon out of the realm of the social world. For example, it 
ignores the cultural 'worldliness' of objects and instead renders them as, 
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for instance, either mentalistic or negotiated phenomena. In order to 
explore this cultural worldliness of phenomena ethnomethodologists have 
tended to stress the idea of production in their studies. This has, in tum, lent 
an emphasis to the woik involved in the production of cultural objects and 
artifacts, the work of the occupations involved. Ethnomethodological 
studies of work22 have thus addressed the details of the interactions and 
actions engaged in by occupations' members. The attempt has been to 
describe what it is about what people do that organises the accountability 
of their activities and interactions as the work of the occupation. So, for 
example, ethnomethodological studies of science25 have tended to be 
approached under the rubric of ethnomethodological studies of work. 
Ethnomethodological studies of science have thus attended to the 'missing 
what', the haecceties, the 'thises and thats' of scientific practices. 'How 
science is displayed in and testified to by the ordering of its work, and, 
importantly, the ordering of the specific science's work' has been the ethno-
methodological question. 

It is this question that is asked with respect to technology. However, it is 
not a question that ethnomethodologists try to answer abstractly or 
theoretically. Given that ethnomethodologists are interested in the inter-
actional specifics of the work, in its haecceties, its 'thises and thats', 
ethnomethodologists engage in the observational and empirical study of 
the interactional work. What they find is bounded by those studies and it 
would only gloss the details of the interactional work to discuss it outside 
the context of its investigation. In this respect the ethnomethodological 
programme of work is quite simple: it recommends that sociologists engage 
that work and explicate its order. Having said that this order is locally 
produced, it follows that its explication must also attend to the local 
features of its production and in this respect it is now an appropriate 
juncture to hand this volume over to the specific studies of the ordering of 
technology around which it has been built. In this chapter I have merely 
attempted to lay an analytic foundation. Considering those positions that 
on the face of it may seem to be quite close to ethnomethodology provides 
for the distinctiveness of the proposition that technology is socially 
achieved in the social practices through which people recognisably and 
accountably orientate to technology in the course of its design, con-
struction, development, implementation, its use, and in talking and writing 
about it, as these matters are accountably located in the specifics of their 
achievement in the local circumstances of their display. 

CONCLUSION: FINAL WORDS FOR THE SCIENCES OF COMPUTER 

Throughout this chapter I have been exploring ways of addressing tech-
nology from a sociological point of view. Rather than taking technology as 
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a determining feature of social structure, the idea that technology is, in 
part, a socially organised phenomenon has been taken seriously. However, 
recent developments in this respect are problematic, for technology as a 
worldly phenomenon seems, like the bottom of the rainbow, to move on 
even as we reach for it. Part of the reason for engaging in this examination 
has been to reveal the analytic grounds for the majority of studies in this 
collection. These studies are attempts to address the work of ordering 
technology and thus preserve for sociology the ordinary, mundane, and 
routine practices involved in the social production of technology. 

However, I am very aware that some researchers within the sciences of 
computer systems development have recently been attracted to sociology. 
With developments such as computer-supported cooperative work, human 
interaction, and participatory design, it would appear that knowledge 
about the work practices that the technology may be integrated into, 
knowledge about the organisational context into which systems are placed, 
and knowledge about how human beings interact with one another might 
prove to be fruitful resources for their own activities. Nevertheless, it may 
be that the relationship between sociology and the sciences of computer 
systems development is not just a simple matter of transferring 'knowl-
edge' from one domain to another. This is because 'knowledge' about 
social arrangements has often been developed within sociology under the 
auspices of sociologically generated analytic categories and these cate-
gories may have little appeal to the sciences of design. It may be difficult for 
them to see the relevance of sociology's analytic categories for their 
problems. For example, an interest in playing out existing sociological 
categories of analyses for the domain of technology may seem irrelevant for 
those in the practical world of technological production, and thus the 
concerns that we have associated with arguments from the 'social shaping 
of technology' camp of sociologists may be a long way from their practical 
interests. 

Thus a sociology that actually addresses 'the technology' may seem to 
beckon them more forcefully, and in this respect the initial calls from the 
constructionist camp in sociology may fall more softly upon their ears. 
However, the constructionist viewpoint that has formed the vanguard of 
sociological interests in the 'content of technology' would, at least in terms 
of the brief explorations that have been made here, seem just as proble-
matic for the sciences of computer systems development. On the basis of 
these arguments, this group of sociologists would, despite their disdain for 
much of sociology, seem intent on playing the same old sociological game. 

Now I hope that I am not to be heard as proposing that in ethno-
methodological studies of work an answer resides to the embryonic and 
problematic relationship between sociology and design. I hope I have not 
been that careless and foolish in my arguments. Nevertheless, ethno-
methodological interests in the organisation of working practices and in 
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the methods through which technology is built into working life by those 
who use it- interests in: interactional details; organisation; and practices of 
design (to mention some of the issues to be found in this collection) - are 
all interests that, albeit in different guises to those manifest in ethno-
methodology, are shared by those in the various sciences of computer 
systems development. Thus it is to be hoped that, if the sciences of design 
are intent upon pursuing a relationship with sociology, then a sociology 
that is interested in the working order of technology, a sociology of work, 
interaction, and technology may seem to them to be a place to begin to 
mark out the boundaries of that relationship. 24 

NOTES 
I Details of many discussions that I have had with Wes Sharrock and Bob 

Anderson have made their way into this chapter. It would become tedious to 
keep marking them out even ifl could remember where it would be relevant to 
do so, thus the simplest way of acknowledging my debt is to say that these 
discussions have helped to forge the arguments presented here. I am also 
grateful to Wes Sharrock, Paul Luff, and Elisabeth Tribe for their comments on 
earlier versions which I have, in the main, incorporated. 

2 See the following collections for examples of this exaltation: MacKenzie and 
Wajcman (1985), Law (1986), Bijker, Hughes, and Pinch (1987), and Fyfe and 
Law (1988). 

3 See, the introduction by MacKenzie and Wajcman (1985) to their influential 
reader on The Social Shaping of Technology. 

4 See MacKenzie and Wajcman (1985). 
5 The phrase 'the social construction of technology' is used generically, and 

covers different and often conflicting interests in the construction and consti-
tution of technology. For an appreciation of the main arguments involved see 
contributions to Calion, Law, and Rip (1986), Bijker, Hughes, and Pinch 
(1987), Fyfe and Law (1988), and Woolgar (1991). 

6 See Woolgar (1991) who accuses MacKenzie and Wajcman (1985) of an 
analytic indifference in their argument over the social shaping of technology. 

7 See Sharrock and Button (1991) for a detailed examination of the issues 
involved here. 

8 Despite its age, Knorr-Cetina and Mulkay's (1983) collection still remains a 
good example of the range of the sorts of sociological interests in science of 
which SSK is a part. 

9 This is a term used by Harold Garfinkel (1991) to direct attention to the practices 
that go to make an object what it uniquely is, the 1ust thisness' of an object. 
Consequently, to pursue the social production of technology is to pursue the 
practices that make technology uniquely recognisable and accountable. The issue 
is one of fmding, in the details of its production, the practices that make it up as 
technology. In his excellent forthcoming book, Mike Lynch examines what is 
involved here in much more detail that I now have the space for. 

10 This is not to say that they cannot be found wanting, but to do so would require 
much more space than is available for the arguments presented here. For such 
an examination, see Mike Lynch's consideration of the social construction of 
scientific knowledge and ethnomethodological studies of science (Lynch forth-
coming). 
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11 See, for example, Murray and Woolgar's (1991) review of the range of socio-
logical interests that have been generated by the advent of general and wide-
spread software production and distribution. 

12 See, for example, contributions to Calion, Law, and Rip (1986), and Bijker, 
Hughes, and Pinch (1987). 

13 This argument is drawn from what Woolgar's understanding of 'reflexive 
sociology' (see Woolgar 1988), an issue that will be taken up below. 

14 I have to be careful here because the actor-network argument that will shortly 
be turned to asserts the similar ontological status of animate and inanimate 
'actants', and thereby would resist privileging the social elements in the associ-
ation of technology. 

15 The remainder of this chapter explores the various constructionist positions. 
These are considered in greater length then the arguments about the social 
shaping of technology because they may seem to be closer to the ethno-
methodological arguments around which most of this book revolves. 

16 In the past Woolgar himself has shown little reticence in lambasting the 
portrayals of reality in the natural sciences; see, for example, Latour and 
Woolgar (1979). 

17 See Schur (1971) and Becker (1973). 
18 The idea of the 'missing what' is a corner-stone of ethnomethodological studies 

of work (Garfinkel1986). It remains, however, implicit in those studies, though 
it has been explicitly attended to in many of Garfinkel's public lectures. The 
absence of a coherent account of what is involved here has been more than 
made up for in Mike Lynch's description of ethnomethodological studies of 
work that makes up chapter seven of his forthcoming book, Ethnomethodology 
and the Sociology of Science: Toward a Post.Analytic Ethnomethodology. 

19 For a fuller understanding of the issues involved here, see Sharrock (1991). 
20 It was just this point that Winch (1958) was trying to make with respect to 

descriptions of Azande magic. It is not that Evans-Pritchard's description com-
peted with the Azande's description, it was that it was dependent upon that 
description for its intelligibility. 

21 It might be pointed out that the title of Coulter's (1979) influential ethno-
methodological text was the The Social Construction of Mind. However, even a 
cursory reading will show that the idea of construction is not articulated as the 
constructionism in both interactionism and in the various constructionist 
positions in the sociology of scientific knowledge and the social construction of 
technology. 

22 See Garfinkel (1986). 
23 See Garfinkel et aL (1989); Lynch, Livingston, and Garfinkel (1983); Lynch 

(1985a). 
24 See Anderson's remarks on 'practical sociology as a hybrid discipline' for the 

exploration of links between sociology and the sciences of computer systems 
development.(Anderson et aL forthcoming). 
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DISEMBODIED CONDUCT 
Interactional asymmetries in video-mediated 

communication 
Christian Heath and Paul Luff 

What of the hands? We require, promise, call, dismiss, threaten, pray, 
supplicate, deny, refuse, interrogate, admire, number, confess, 
repent, confound, blush, doubt, instruct, command, incite, en-
courage, swear, testify, accuse, condemn, absolve, abuse, despise, 
defy, flatter, applaud, bless, humiliate, mock, reconcile, recommend, 
exalt, entertain, congratulate, complain, grieve, despair, wonder, 
exclaim . . .. There is not a motion that does not speak and in an 
intelligible language without discipline, and a public language that 
everyone understands. 

(Montaigne 1952: 215-16) 

Over the past thirty years, there have been numerous attempts to develop 
audio-visual technologies which provide real-time access between geo-
graphically dispersed individuals (cf. Egido 1990). As yet however, these 
attempts have met with relatively little success. The videotelephone and 
conferencing systems were early precursors of such developments, and in 
more recent years we have seen the ways in which audio-visual technologies 
can support a range of computer-based tools, such as shared meeting 
spaces (e.g. Watabe et al. 1990), shared text editors (e.g. Olson et al. 1990), 
and shared drawing tools (Bly 1988; Tang and Minneman 1991). These 
extraordinary technological innovations have been accompanied by a 
growing body of research concerned with the potential contribution of 
audio-visual technologies to cooperative work (including Abel1990; Egido 
1990; Gale 1989; Fish et al. 1990; Smith et al. 1989). Despite this work, we 
still have relatively little understanding of the character of interpersonal 
communication mediated through video technologies or the extent to 
which the media facilitate collaboration in the work-place. 

At EuroPARC, Rank Xerox Research Laboratories in Cambridge, we 
have been developing a media space to support cooperative work and 
informal sociability between physically distributed individuals within a 
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single building. As part of these developments we have been exploring the 
ways in which personnel within the organisation utilise and communicate 
through a ubiquitous audio-visual infrastructure that provides for free-
flowing accessibility between individuals in different physical locations. 
Preliminary observations suggest that, whilst the technology provides real-
time audio and visual access between personnel, it transforms the visual 
conduct of the participants which in tum can be consequential for the 
delivery and receipt of talk. In particular, interpersonal communication 
through the media space appears to introduce certain asymmetries into the 
interaction which, as far as we aware, are not found in more conventional 
settings. In this chapter, we wish to explore these asymmetries and briefly 
discuss their implications for developing a technology to support real-world 
collaborative work. 

BACKGROUND AND SETTING 

An important element in EuroPARC's recent initiatives is the development 
of an audio-visual infrastructure in its Cambridge offices. The infrastruc-
ture allows scientists and administrative staff to establish visual and audible 
contact with each other or to view public areas such as a commons area and 
the conference room. EuroPARC's offices straddle three floors and in part 
the technology was introduced to facilitate informal contact between 
organisational personnel. The system basically consists of a camera and 14-
inch monitor in each office, with larger monitors in the public areas. There 
is some variation in the way in which members of the laboratory position 
their monitor and camera in relation to their workstation and within the 
overall environment of their office. Typically however, the monitor with 
camera seated on top is positioned to one side, roughly at a 120-degree 
angle, of their workstation and the flat PZM muUidiredional microphone is 
normally positioned on the desk by the workstation. It is operated by a 
footpedal. 

Over the past three years the infrastructure has become increasingly 
sophisticated and we have experimented with various additional facilities 
which might enhance contact and cooperation between EuroPARC's 
personnel. A number of these developments have been designed to 
provide 'users' with more delicate ways of scanning the local environment 
or establishing connectivity (see, for example, Boming and Travers 1991). 
Despite these technological developments, the most prevalent use of the 
system within the EuroP ARC is to maintain an open video connection 
between two physical domains, typically two offices. These 'office shares' 
are often preserved over long periods of time, weeks and sometimes 
months, and simply provide two physically distributed individuals with a 
sense of co-presence. Audio connections are normally switched off until the 
two colleagues specifically wish to speak with each other. 
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As part of the introduction and development of the system, we under-
took selective audio-visual recording of particular connections between 
individual offices. To diminish the potential influence of recording on the 
way individuals used the system, and to enable us to gain an overall picture 
of how frequently and for what purposes individuals used the connection, 
we undertook 'blanket' recording of particular connections for up to two 
or three weeks. This data corpus was augmented by field observation both 
of connections and of discussions in the laboratory concerning the system. 
We also collected audio-visual recordings of experimental systems and the 
use of related technologies in environments other than EuroPARC, for 
example the Xerox Television (XTV) link between Britain and the USA. 

The analytic framework of the research draws from conversation analysis 
and cognate approaches. It focuses on the in situ or contextual character of 
human conduct and in particular the sequential and socio-interactional 
organisation which informs the production and intelligibility of social 
actions and activities. In the project at hand, the analysis was simul-
taneously driven by a range of substantive concerns which in part derived 
from the growing body of research concerned with the interactional 
organisation of visual and vocal conduct (for example, Kendon 1990; 
Erickson and Schultz 1982; Cosnier and Kebrat-Orecchioni 1987; Goodwin 
1981; Heath 1986). The corpus of findings within these and related studies 
provided a heuristic with which to compare some features of the organi-
sation of interaction in video-mediated presence, and through detailed 
case analysis began to reveal some curious features of communication 
though audio-visual technology. 

VIDEO-MEDIATED COMMUNICATION 

We will begin by briefly discussing how audio-visual connectivity can contri-
bute to collaborative work and informal sociability between physically 
distributed individuals and then proceed to reveal the way in which the 
technology can transform the significance of both visual and vocal conduct. 

Gearing conversational initiation 

Unlike a telephone or audio connection, video provides the opportunity 
for individuals visually to assess the availability of a colleague before 
initiating contact. More precisely, the video channel not only allows one 
individual to discern whether a colleague is actually in his or her office, but 
also to assess more delicately the state of his or her current activity and 
whether it might be opportune to initiate contact. At EuroPARC, we have 
recently introduced facilities into the infrastructure which further support 
the possibility of momentarily glancing at a colleague before deciding 
whether it is opportune to establish engagement. In this way, video makes 
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an important contribution not only to the awareness of others within a 
physically distributed work environment, but also to one's ability to respect 
the territorial rights and current work commitments of one's colleagues. 

It should be added that video technology also provides the possibility of 
unmotivated encounters, that is, colleagues happening to encounter each 
other by, for example, one person noticing another noticing them and 
initiating conversation. In this way the technology can begin to support the 
range of informal sociability which would normally be associated with an 
open office environment, whilst avoiding some ofits obvious disadvantages. 

Coordinating talk with concurrent activity 

Once individuals have established contact with each other, video provides 
participants with the ability to coordinate talk with a range of other activi-
ties in which they might be simultaneously engaged. This aspect of video's 
contribution is particularly important to Computer-Supported Cooperative 
Work (CSCW) where individuals are frequently undertaking screen-based 
activities whilst speaking with colleagues. Mutual visual access provides 
individuals with the ability to discern, to a limited extent, the ongoing 
organisation and demands of a colleague's activities, and thereby 
coordinate their interaction with the practical tasks at hand. Moreover, 
mutual visual access provides individuals with the ability to point at and 
refer to objects within the shared local milieu. 

Such facilities have become increasingly important in recent years as 
scientists have begun to develop shared real-time interfaces (cf. Bly 1988; 
Olson etal. 1990). Recent experiments by Smith etal. (1989) and Olson and 
Olson (1991) have demonstrated the importance of providing video for 
participants to coordinate simultaneous screen-based activities. Curiously, 
the studies by Smith et al. (1989) tend to suggest that the video channel is 
employed during periods of talk about the task, or as they describe it 
'meta talk', rather than featuring within the coordination of the activity. 
The system's design, and facilities such as individual pointers, providing 
the necessary distinctions and referents for the participants jointly to 
accomplish the task. 

Speaker recognition and turn transfer 

As part of our data collection, we gathered recordings of the use of multi-
party audio-visual connections both at EuroPARC and the Xerox Video 
Conferencing facility at Welwyn Garden City. Analysis of these materials 
reveals that participants are relatively insensitive to much of each other's 
visual conduct, and yet the video channel does seem critical to the organi-
sation and flow of the meetings the systems support. The key contribution 
of video within these multi-party interactions appears to be the way in 
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which it provides participants with the ability to recognise who is speaking 
and to coordinate speaker change systematically. In particular, video 
provides the possibility of participants utilising more flexible and informal 
procedures for coordinating speaker turns. In contrast, audio or telephone 
conferencing necessitates relatively 'formal' arrangements for allocating 
and exchanging the floor between multiple participants. 

Despite the important contribution made by video to support collabor-
ative work between physically dispersed individuals, it is important to note 
that the technological medium provides a communicative environment 
which differs markedly from actual physical co-presence. In the following 
we will sketch some of the more significant differences between human 
conduct performed through audio-visual media and actions and activities 
undertaken in face-to-face settings. These differences can raise certain 
problems for users, but these problems can, ironically, provide a strong 
foundation for screen- or document-based collaborative work. We will 
begin by discussing the way in which a look, and gaze, is transformed when 
performed through video and go on to discuss the articulation of talk and 
production of gesture in and through media space. 

Looking through video 

When one perceives another is looking at one, one perceives that the 
other intends something by one, or expects something of one. In a 
word, one is being taken account of by another. It seems reasonable 
to suppose that this will have marked arousing consequences, but 
what line of action it arouses another to take will depend upon the 
context in which the look is perceived. 

(Kendon 1990: 51) 

In many ways personnel in EuroPARC who maintain open video con-
nections treat the visual availability of a colleague on the screen as if the 
other is co-present, though perhaps at some distance. They presuppose 
that they are able to exchange glances with each other, wave to initiate 
contact, and remain sensitive to one another's conduct. They assume that 
the medium provides mutual accessibility and the ability to initiate contact, 
to move from disengagement to conversation, as they might if they were 
actually co-present. For example, in the following fragment, drawn from a 
recording of a video connection between a scientist and a member of the 
administration, we find Maggie, the scientist, attempting to initiate contact 
with Jean by looking and waving. 1 

Maggie turns towards Jean and then waves. For more than ten seconds 
she stares atJean but receives no response. Finally, Maggie looks away to 
her phone and dials Jean's number, summoning Jean to the telephone. 
Only when Jean replies to Maggie's greeting do the parties establish visual 
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Maggie turns Maggie initiates 

looks at Jean phoie call 

8 _and-peers __ 

Bt 
Jean looking at screen 

I I I I I I I I I I 
seconds 2 4 9 13 14 15 16 

Figure 2.1 Fragment 1 

contact. In attempting to contact Jean, Maggie assumes that their mutual 
visual accessibility provides the possibility of attracting the other's attention 
in the way she might if she were physically co-present. Despite the failure of 
her initial glance to engender a response from her colleague, Maggie 
presupposes that various visual actions will eventually serve to attract atten-
tion. By recycling her shift of gaze towards Jean, gesturing, and even 
staring, Maggie presupposes that her visual conduct will be effective in the 
way that it might if they were in a similar socio-spatial arrangement in 
co-presence. Even the shape of her gesture, the waving hand criss-crossing 
her line of regard and forming a potentially noticeable element within the 
mutual domain, not only fails to engender a response, but actually passes 
unnoticed. 

In this and numerous other instances in the data corpus, we find partici-
pants presupposing the effectiveness ofthe resources they might ordinarily 
use to establish mutual engagement, even after their actions have met with 
successive failures. They assume that a glance or wave will have the impact 
it might if they were co-present with the other, and will systematically 
upgrade their attempts to engender a response from a colleague despite 
the other's apparent insensitivity. In video-mediated presence, personnel 
at EuroPARC initially assume that the medium provides an environment 
akin to co-presence, in which relatively insignificant features of bodily 
comportment, such as looking at another, can serve to gain another's 
attention and provide for the progressive movement into a state of talk and 
interaction. However, presence mediated through video appears to inter-
fere with the ability of a look, or even a wave, to engender response from a 
potential co-participant. Though users assume that the technology will 
support delicate ways of moving from a state of incipient talk to mutual 
engagement, they discover that these forms of visual conduct are not 
necessarily supported by the technology. 
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In the following instance drawn from a recording of the same 
connection a couple of days later, the users face similar problems 
establishing mutual contact through video.2 

Jean turns 
and looks at 

Maggie 

seconds 

pulls face and rocks from side to side 

Maggie looking at screen 

puts thumbs in ears and waggles fingers 

(leh) Ooh::ivooohtooh::ivoooh::. 

Figure 2.2 Fragment 2, transcript 1 

Prior to the beginning of this fragment jean returns to her desk. As she 
sits down in her chair, she turns and acknowledges Maggie, in the way she 
might if she were re-establishing co-presence. Neither her re-emergence 
within the scene nor her initial glance serves to engender any response 
from her colleague and in consequence she begins a series of gestures 
through which she attempts to gain Maggie's attention. She turns to her 
colleague, places her thumb on her nose, and, rocking from side to side, 
waggles her hand at her colleague. This elaborate performance fails to 
attract notice and, continuing to look at her colleague, Jean places both 
thumbs in her ears, waggles her hands and utters 'Ooh::ivoooh..l-ooh:: 
ivoooh::'. Finally, thrusting her face towards the monitor (the other), she 
abandons her attempt to initiate contact, uttering 'No, she won't look at 
hhme'. 

puts thumbs in ears and waggles fingers 

Ooh::tvoooh.J-ooh::tvoooh::. No, she wonllook at hhme. 

\Maggie \ t 
Maggie looking at screen 

Figure 2.3 Fragment 2, transcript 2 

41 



INTRODUCING TECHNOLOGY 

It is interesting to note that the gestures used by Jean in her attempt to 
establish mutual contact allow her to exaggerate her visual orientation 
towards Maggie. The waggling fingers balanced on the end of her nose that 
flicker across her line of regard, coupled with movements from side to side, 
exaggerate her bodily and visual alignment towards the other. Similarly, 
the hands to the side of the head, and the moving fingers, underscore her 
orientation towards her colleague, broadening the visual appearance of 
her head and its particular alignment. Despite her theatrical movements, 
Jean's attempts to gain her colleague's attention fail and a few moments 
later she abandons her efforts to initiate contact. 

As in fragment 1, the user presupposes the effectiveness of their visual 
conduct through the media, assuming that a glance and then, more 
dramatically, a series of gestures will 'naturally' engender a response from 
the potential co-participant. However, the glances, their accompanying 
gestures, and the power of the look ordinarily to attract the attention of 
another appear to be weakened when performed through video rather 
than face to face. In neither these, nor the many other instances we have 
examined, is there evidence to suggest that the potential co-participant is 
deliberately disregarding the attempts to attract their attention. Rather, the 
looks and gestures of their colleagues simply pass unnoticed as if their 
appearance on a screen rather than in actual co-presence diminishes their 
performative and interactional impact. The sequential and interactional 
significance of such actions is undermined by the medium. In conse-
quence, the relatively delicate ways in which individuals subtly move from 
disengagement to engagement in face-to-face environments, especially 
when they are in a 'state of incipient talk', appear to be rendered proble-
matic in video-mediated co-presence. 

The relative impotence of a look or gaze when mediated through video 
is also consequential to the ways in which individuals preserve privacy. In 
co-presence, the interactional significance of a look, coupled with our 
ability to remain sensitive to the actions of others, even though they may be 
outside the direct line of our regard, constrains our looking at others and 
their opportunity to look at us. Privacy relies upon the power of the look to 
engender action and peripheral awareness, even amongst individuals who 
may be co-present yet disengaged. By undermining the performative 
impact of a look and our ability to remain peripherally sensitive to the 
conduct of the other, as it appears on the screen rather than in co-
presence, audio-visual technology can interfere with constraints and com-
petences, the socio-interactional organisation, which provide the founda-
tion of privacy in 'public' domains. As we saw in fragment 1, the failure of 
a look to engender a response, can inadvertently lead an individual to stare 
at a colleague, to watch another's actions where the other is unaware that 
they are receiving the attentions of their colleague. 

As individuals have become accustomed to the technology and its 
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fallibilities, they have become increasingly sensitive to such problems and 
in some cases have developed a range of practical solutions to enable them 
to preserve each other's privacy. Even so, by posing a threat to the ordinary 
ways in which we maintain privacy in 'public' domains, the technology, at 
least as it is currently configured, can continue to generate a range of 
difficulties and make people uneasy about using the media space. In this 
light we have recently been exploring technological solutions to some of 
the problems which derive from the ways in which video can undermine 
relatively minor, yet significant, aspects of our socio-interactional 
organisation. 

The articulation of talk and recipient insensitivity 

The relative ineffectiveness of gaze and other forms of visual conduct in 
video-mediated co-presence is not only consequential for the ways in which 
users are able to establish mutual engagement. It can also generate 'diffi-
culties' for the articulation of talk and for the communication of 
information embodied in gestures and other forms of bodily movement. 
The following example is drawn from an extensive collaboration between 
two scientists over a period of a few weeks. In it we find that the relative 
inability of looking and gesturing to have an impact on the co-participant 
is consequential for the delivery of an extensive answer. The collaboration 
was supported by an open video and audio connection between two offices 
at EuroPARC. We join the action as Ian initiates contact with Robert by 
enquiring what he should tell Marty to do. 

1 I: 
2 
3 R: 
4 
5 R: 
6 
7 
8 
9 R: 

10 
11 
12 
13 R: 
14 
15 I: 
16 R: 

Fragment 3, transcript 1 (AB 41:5, 17:51:52) 

What I shall I tell Mar::ty" to do(hh). 
(1.2) 
Er:·m:: 
(1.2) 
Let's see:: well first> first off I'd (.2) what I did 
las: t night which seemed to (work) was send it tw::ice 
under different names::< an then she did a (di::p:). 
(1.6) 
en then she: could clean up the er::: (.8) line 
noi:se. 
( .... ) 
(2.3) 

0 thhh 
(.3) 
O.kay 
(Such a hack) 
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At the outset it can be noticed that Robert delays his reply to Ian's 
question firstly by pausing, then by producing 'Er:·m::' (line 3), and then 
once again by pausing (line 4). Even when he does begin to reply, the 
actual answer is not immediately forthcoming. It is as if the speaker is 
deliberately delaying the gist of his response. The gist of the reply is 
delayed, postponed from the beginning of the speaker's turn, by virtue of 
the preface 'Let's see::' and various forms of speech perturbation, 
including a sound stretch ('see::'), a 0.2-second pause (line 5), and con-
secutive restarts 'well first >first off I'd (.2) what'. The speaker's actions and 
his apparent difficulty in beginning his reply may be systematically related 
to the conduct of the (potential) recipient, and particularly to Robert's 
inability to secure his co-participant's gaze. A more detailed transcript 
might be helpful. 

EJ 
What I shall I tell Mar: tyA to do (hh). 

Figure 2.4 Fragment 3, transcript 2 

Ian's original question is produced as the two colleagues are inde-
pendently engaged in individual screen-based activities. As he initiates 
contact by asking the question, Ian momentarily glances at Robert and 
then turns back to his screen. By the time Robert reorientates, he finds Ian 
engaged in dealing with some text. In the light of having a potential 
recipient who is apparently engaged in another activity, Robert uses an 
utterly conventional device for attempting to secure co-participant align-
ment; he delays the delivery of the reply and produces an object which 
projects more to follow but withholds the actual reply (cf. Goodwin 1981; 
Heath 1986). 

Withholding the reply fails to engender any reorientation from Ian, and, 
following 'Er:·m::', Robert begins progressively to shift his gaze towards Ian, 
as if attempting to encourage a reorientation whilst avoiding actually 
staring at his potential recipient. Both the withholding of the reply and the 
subtle shifts in Robert's orientation fail to encourage any display of 
recipiency from the co-participant. Robert begins the preface 'Let's see::' 
and looks directly towards his colleague. The alignment of gaze towards the 
co-participant, the preface, the sound stretch, the pause, and the restarts 
are all devices which are regularly used to secure recipient alignment at the 
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beginning of a turn. Finally, the pause appears to engender a response 
from Ian, and, following his realignment of gaze from the screen towards 
his colleague, the speaker begins the gist of his reply with little evident 
perturbation or difficulty. 

It is apparent therefore that in fragment 3 the respondent has various 
difficulties in securing the relevant form of co-participation from the 
potential recipient, ironically the party who initiated the interaction in the 
first place. The potential recipient displays little orientation to the 
speaker's successive attempts to secure his gaze. It is possible that the 
difficulties faced by the speaker in attempting to secure a realignment from 
the recipient derive from the relative ineffectiveness of his visual conduct 
and, in particular, the apparent inability of the co-participant to notice the 
successive shifts in orientation undertaken by the speaker. Elsewhere 
(Goodwin 1981; Heath 1986), it has been demonstrated that a realignment 
of gaze by a speaker towards a potential recipient can be a critical element 
in utilising perturbations in talk or even gestural activity to engender a 
co-participant's reorientation. In video-mediated interaction, the relative 
scale and presentation of a speaker's more delicate shifts in orientation on 
a TV screen may pass unnoticed and thereby undermine the performative 
impact of conventional devices to elicit gaze. 

In passing, a further point should be mentioned. To provide individuals 
with the ability to vary their position whilst speaking with colleagues 
through the media space, we deliberately used multidirectional micro-
phones (PZM) to provide audio connections. These multidirectional 
microphones are designed to conceal relative changes in the direction of a 
sound within a circumscribed domain. In consequence, they mask changes 
in the sound level of a speaker's voice which ordinarily allow a potential 
recipient to infer when a speaker is realigning their gaze. Thus, the relative 
ineffectiveness of a speaker's shift of gaze to engender a response in 
video-mediated interaction may not only derive from the relative inaccessi-
bility of visual conduct, but also from the absence of changes in tone and 
loudness of the voice. 

The visibility of gesture 

It is often suggested that one of the important contributions that video can 
make to interpersonal communication derives from the way in which it can 
convey gestures and other forms of bodily movement It has been found, 
for example, that participants do coordinate relatively subtle elements of 
their bodily comportment (Smith et al. 1989; Olson and Olson 1991) and 
that the technology allows individuals to discern information conveyed 
through gesture and such like. In our own research, we have found inter-
actants using gestures as they would in face-to-face interaction, not only to 
convey information but to organise how a recipient should participate 
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during the delivery of turns at talk. In the following fragment, for example, 
Robert is attempting to deliver an extensive description of an interface to 
Ian. As he delivers the description Robert produces a series of gestures 
which appear to illustrate certain features of the interface whilst simul-
taneously attempting to engender some form of response from Ian. 

1 R: there's: two degrees of freedom you can 

2 move it inlx an YJ: .. side to side 
gesture 

3 (0. 3) 

4 R: if there are more than two degrees of 

5 freedom you can select which variables 

6 I were to be manipulatedi .. open palm 
movement 

7 ( 0. 5) 

8 R: which (will) fixe3 .. flat palm 
movement 

9 (0. 3) 

10 R: lan thenlmanipulated at (.) 

ltwo:: (.) <thre3 variables 
...,.._ glance 

11 by towards lan 
12 the control: icon. ...,.._ finger 
13 (1.2) movement 
14 R: er:: is: this correct 
15 (1. 0) 

16 I: Well:: (.) not quite. 

Figure 2.5 Fragment 4 

The series of gestures which accompany and embody the description are 
designed to illustrate certain features of the interface and to circumscribe 
certain segments of information within the description itself. The gestures 
are shaped to provide a visual portrayal of the objects or events mentioned 
in the talk (see, for example, Birdwhistell 1970; Bull 1983; Ekman and 
Friessen 1969; Schegloff 1984b). There is little evidence, however, that, 
despite looking at the speaker throughout the delivery of the description, 
Ian is able to retrieve relevant information from the visual conduct of 
Robert. Part of the difficulty in utilising the gestures to elaborate the talk 
and provide the gist of Robert's description, derives from the way in which 
the gestures disappear out of camera range and leave the recipient with the 
speakers' outstretched arms but little indication of how they form part of 
the overall gesture. However, even where the gesture remains largely within 
the screen, there is a certain way in which the movement appears to be 
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disembodied from the talk it is illustrating. For whatever reason, the illus-
trative and iconic elements of the gesture appear to lose their performative 
impact as they are articulated through the medium. 

The gestures are also designed perhaps to shape the way in which the 
potential recipient should participate during the course of the description. 
Indeed, the movements accompanying the utterances, for example the 
open palm gesture with 'an then manipulated at .. .' (lines 10-12) and the 
thrust towards the recipient with the flat palm at 'fixed' appear to designed 
to elicit some form of acknowledgement. Even the illustrative gesture with 
'x an y' might be designed to elicit some form of response from the 
recipient whilst simultaneously elaborating the talk with which it occurs. 
The gestures fail to engender either a visual or or vocal response from the 
recipient either during each utterance or immediately post its delivery. 
Indeed, curiously, despite Ian's orientation towards the monitor, the 
gestures seem to pass unnoticed, failing to elicit any form of response from 
the recipient. It is as if the gestures lose their performative impact. The 
recipient is not simply withholding response to the speaker's actions, but 
rather the gestures themselves appear to lose their ability to engender 
sequentially relevant action from the 'co-participant'. 

The relative inability of the speaker's visual conduct to effect some 
response from the recipient during the production of turns at talk is found 
elsewhere, amongst different users within the data corpus. Even relatively 
basic sequences that recur within face-to-face interaction tend to be absent 
from the materials at hand; for example, when a speaker uses a movement 
to elicit the gaze of a recipient and coordinates the production of an 
utterance with the receipt of gaze. Speakers continue to gesture and pro-
duce a range of bodily behaviour during the delivery of talk in video-
mediated communication, yet their visual conduct fails to achieve 
sequential and interactional significance. The recipient remains un-
affected, and in the light of an apparently recalcitrant recipient, speakers 
systematically upgrade their demands, their gestures and movements 
becoming more theatrical as they fail to shape the relevant forms of 
co-participation within the production of the activity. In the case at hand, 
fragment 4, the movements are relatively gross even though the recipient is 
actually looking towards the speaker, but even here gestures and visual 
reorientation prove ineffective; the speaker's conduct is visible, but 
impotent. 

MEDIATED CONDUCT AND CO-PRESENT ACTION 

Communicative asymmetries in video-mediated presence 

Video-mediated presence reveals asymmetries in interpersonal relations 
which, as far as we are aware, are found neither within face-to-face inter-
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action nor in other technologically mediated forms of communication 
such as telephone calls. Indeed, even in the light of the growing corpus of 
literature concerned with asymmetries within various forms of institutional 
language use and interaction, such as the news interview (Greatbatch 
1988), the courtroom (Atkinson and Drew 1979), or the medical consul-
tation (West 1985), the distribution of communicative resources is peculiar 
in video-mediated presence. In institutional environments we find the 
incumbents of pre-established roles, such as doctor and patient, having 
differential access and influence to activity types throughout the course of 
an event. By contrast, in video-mediated communication, the asymmetries 
tend to parallel the categories 'speaker' and 'hearer' and are in continual 
flux during the conversation. The asymmetries interfere with the very 

of accomplishing certain forms of conduct. 
The technology provides the participants with mutual visual access and 

yet undermines their ability to perform gestures and other forms of bodily 
conduct successfully. A speaker, for example, is able to monitor the visual 
conduct of a co-participant and remain sensitive, even during the pro-
duction of a single tum at talk, to the behaviour of the recipient. However, 
the resources the speaker might ordinarily use to shape the way in which 
the recipient should participate, gestures and the like, are unreliable when 
performed through the medium. It is as if the technology undermines their 
sequential force and thereby their impact within the interaction and, as we 
have seen, it is not only whilst people are speaking that their visual conduct 
may be ineffectual. The relatively subtle glances through which individuals 
can ordinarily re-establish mutual engagement, even gross attempts to 
attract the attention of another, can be undermined by the medium 
through they are performed. So, on the one hand, video-mediated 
presence provides individuals with the ability mutually to monitor each 
other's visual appearance and conduct, but, on the other hand, fails to 
provide a reliable medium for the production and recognition of non-vocal 
actions and activities. The technology appears to interfere with the local, 
sequential significance of a range of visual actions, revealing an alternating 
imbalance between the participants as they shift between the roles of 
speaker and of hearer. 

Incongruent environments of action 

As yet it is still unclear why audio-visual technologies may fail to support 
visual conduct and whether it is possible to develop a system which would 
deal with the difficulties that we have discussed. However, it is possible that 
the asymmetries we find in video-mediated interaction derive from the 
incongruent environments in which the participants' conduct is produced 
and received. 

Much of the work performed through gesture and, more generally, body 
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movement is accomplished on the periphery of the visual field; indeed, 
visual conduct and the ways in which it organises co-participation rely upon 
its being 'seen but unnoticed'. It 'glosses' or masks its own operation and is 
frequently designed to work on the margins of the perceptual field of the 
recipient. In the case of video-mediated communication, the recipient's 
access to the other's gesture or bodily activity is their appearance on a 
screen. The gesture is either viewed directly, within the totality of the 
screen's contents or, if the recipient is looking to one side, constitutes one 
element ofthe screen's overall image. In the first case, seeing the image as 
a whole destroys the relative weighting of gesture or bodily activity in 
relation to the rest of the speaker's appearance. In the second, it is found 
that recipients are largely unable to differentiate various elements of a 
speaker's bodily comportment if they are viewing the screen on the 
periphery of their vision. Only occasionally are relatively gross movements, 
such as the other standing or blocking the screen, noticed and 'noticeable'. 
In consequence, much of the delicacy which features in the design and 
performance of certain forms of bodily activity is lost to the recipient. 

These difficulties become more severe when one considers that the 
camera and monitor inevitably distort visual conduct. The technology 
transforms the spatial and temporal organisation o( a movement. So, for 
example, the graduated progression of a gesture, designed perhaps to elicit 
the gaze of a recipient, its movement towards the periphery of the other's 
visual field, is transformed when it appears on the screen of the 
co-participant. The object received is not the object produced. 

The way in which the technology transforms our ability to monitor the 
conduct of the other peripherally and distorts the appearance of bodily 
conduct might also explain why video-mediated gaze or looking is often 
ineffectual. Unless the recipient is looking directly at the screen, it is 
unlikely that he or she is able to discern relatively small changes of head 
and eye movement of the co-participant. Moreover, it is possible that the 
relative inability to discern changes in another's gaze direction may well 
explain why conventional devices for securing recipient alignment, such as 
pauses, sound stretches, and other forms of speech perturbation, seem to 
lose their impact when performed though video. Various studies (Goodwin 
1981; Heath 1986) suggest that, in face-to-face interaction, these devices 
sometimes rely upon the accompanying visual orientation ofthe speaker to 
engender the relevant responses from the co-participant. The technology 
renders the look ineffective by virtue of the recipient's inability to dis-
criminate peripherally small changes in bodily orientation of the other 
when it appears on a screen rather than face to face. 

It is also worthwhile to consider the way in which an action is produced 
and the problems faced by, for example, a speaker in communicating 
through video. In video-mediated presence, the camera and monitor inevit-
ably delimit and distort access to a co-participant. An individual's view of 
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the other is from a particular angle and precludes access to a large part of 
their body or local environment. In consequence the ability to design a 
bodily movement such as a gesture so that it, for example, operates on the 
periphery of the visual field of the co-participant becomes extremely 
problematic. It is not only that a participant has 'limited' access to the other 
and their current conduct, but also the access the participant has is 
distorted by the camera. Moreover, the limited access to the other also 
means that a participant is relatively unaware of changes within their local 
environment with which their visual conduct may well be competing. For 
example, it is not unusual in the materials gathered within EuroPARC to 
find individuals undertaking screen-based activities as they speak to a 
colleague through the media. The inability of the co-participant to see the 
other's screen, or perhaps more importantly the other's involvement 
within the activity in which they are engaged (which might, for example, be 
embedded in the use of a workstation), undermines the ability to design 
contextually relevant actions and activities. These problems become more 
severe when one recognises that, in contrast to physical co-presence, the 
individual cannot change their own bodily orientation in order to adjust 
their perception of the recipient or his local environment. 

Perhaps, however, the foundation to many of these difficulties derives 
from the participant's inability to discern how their own conduct appears 
to the other. In consequence, it is difficult to envisage how an individual 
can attempt to modifY their conduct in order to achieve the relevant 
impact. So, for example, if a gesture is unsuccessful, in say eliciting the gaze 
of the co-participant, the speaker is unable to discern how the movement 
might have appeared to the other in order to redesign the action to 
accomplish the relevant performative impact. It is not surprising therefore, 
that, in reviewing the data corpus, one finds numerous instances of indi-
viduals upgrading, even exaggerating particular gestures so as to achieve 
impact on the conduct of the recipient. Unfortunately, these attempts 
inevitably transform the action the speaker is attempting to accomplish and 
frequently fail to engender any response from the co-participant. 

The technology therefore, at least as it is currently designed and con-
figured, provides physically distributed individuals with incongruent 
environments for interaction. Despite this incongruity, individuals pre-
suppose the effectiveness of their conduct and assume that their frame of 
reference is 'parallel' with the frame of reference of their co-participant. 
Participants presuppose, for the practical purposes at hand, an inter-
changeability of standpoints, a reciprocity of perspectives. Schutz in his 
classic studies of the phenomenology of the social world suggests that such 
a presupposition is a keystone of socially organised conduct. 

Now it is a basic axiom of any interpretation of the common world 
and its objects that these various co-existing systems of coordinates 
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can be transformed one into the other; I take it for granted, and I 
assume my fellow-man does the same, that I and my fellow-man would 
have typically the same experiences of the common world if we 
changed places, thus transforming my Here into his, and his- now to 
me a There - into mine. 

(Schutz 1962: 315-16) 

In video-mediated presence however, camera and monitor transform the 
environments of conduct, so that the bodily activity that one participant 
produces is rather different from the object received by the co-participant. 
The presupposition that one environment is commensurate with the other 
undermines the very production and receipt of visual conduct and explains 
perhaps why gesture and other forms of bodily activity may be ineffectual 
in video-mediated presence. The very presupposition which underlies 
socially organised conduct generates a range of difficulties for individuals 
who are attempting to produce and coordinate social actions and activities 
within the media space. 

DESIGN CONSIDERATIONS 

The observations above raise a number of issues for the design and develop-
men t of technologies which provide individuals within a dispersed physical 
environment with virtual access to each other. 

At EuroPARC, we have begun by attempting to address the issue of 
privacy in video-mediated co-presence whilst preserving the ways in which 
technologies can support informal access between colleagues within the 
dispersed office environment. One development has been the introduction 
of a complex configuration of sounds which conventionally signify to 
others particular forms of action. For example, colleagues can be alerted to 
afternoon tea in the 'commons' through the sound of cups and saucers 
rattling and tea being poured. More relevantly, when one party chooses to 
glance at another, or even scans through the building via video, glancing to 
see who is present, individuals who have agreed to making themselves 
accessible to the colleague in question, hear the sound of a door opening 
as they momentarily appear on the other's monitor. In order to introduce 
symmetry into these fleeting interactions, recipients can themselves return 
a glance and look at the person who is looking at them. However, it is 
extraordinarily difficult to simulate the delicacy and range of actions that 
individuals ordinarily employ in initiating mutual contact with each other, 
even if it consists of no more than a passing glance, and we are still some 
distance from achieving the subtlety and non-incursiveness of the various 
ways in which colleagues momentarily establish contact with each other in 
an open environment. It is critical however that we explore ways in which 
we can preserve a balance between the privacy of the individual and mutual 
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accessibility in the office environment, without being led to develop in-
creasingly formal solutions to support informal sociability. To this end, 
systems that incorporate even restricted forms of video access, such as the 
video snapshots of the Polyscope system described by Borning and Travers 
(1991), have incorporated features to provide for mutual availability and 
visibility. 

The asymmetries within video-mediated presence may not necessarily be 
detrimental to the accomplishment of certain tasks and activities; indeed, 
the relative insensitivity to another's conduct may have important 
advantages over office environments in which employees are physically 
co-present. In an open office environment employees can find themselves 
continually subject to the demands of colleagues and sensitive to relatively 
small changes within the local environment of 'goings on'. In contrast, 
video-mediated presence and the asymmetries it introduces, allows indi-
viduals who are in one sense co-present to distance themselves from each 
other and thereby concentrate on individual tasks and activities. Even when 
individuals are mutually engaged, video-mediated presence allows the par-
ticipants simultaneously to undertake a variety of more or less related tasks 
and activities whilst co-ordinating their actions with each other. Audio-
visual technologies may make a particularly important contribution in 
computer-supported cooperative work where participants need to 
coordinate a range of screen-based activities whilst simultaneously accomp-
lishing specific tasks and activities. Video-mediated presence allows the 
individual to distance himself from the moment by moment demands of his 
colleagues whilst preserving mutual availability, allowing users to witness 
and coordinate tasks and activities whilst remaining relatively insensitive to 
the potential demands and interruptions of a shared physical environment. 

Taking into account the potential advantage of certain asymmetries in 
video-mediated presence for collaborative work, we have been undertaking 
a number of small experiments which attempt to deal with the relative 
ineffectiveness of visual conduct. We were interested in exploring ways in 
which we might at least increase an individual's sensitivity to the visual 
conduct of a colleague, to see if this might help solve the problem of 
privacy. In one experiment we replaced the standard 14-inch monitors with 
26-inch screens placed on their sides for several of the staff in the 
laboratory. This was to see whether the relative increase in the size of the 
image of the other would have a corresponding effect on the individual's 
sensitivity to the visual conduct of another. Preliminary analysis of the 
materials suggests that, during periods of disengagement, individuals are 
more sensitive to relatively gross movements of the other, such as joining 
or leaving the scene. Occasionally an individual might notice another 
turning towards them and there is evidence to suggest that during con-
versation the gaze of a participant becomes more noticeable and effectual. 
In contrast, there is little evidence to suggest that the performative impact 
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of gestural activity and other forms of body movement is more secure with 
the larger, reconfigured monitors. Given that the users' environments 
remain incongruent, it is unlikely that a simple adjustment to image size 
will solve the difficulties which arise in both the design and the receipt of 
visual conduct. 

The relative increase in mutual sensitivity with the introduction oflarger 
monitors can however generate problems for users. It has been found that 
individuals become increasingly conscious of the conduct and changes 
within the environment of their colleagues, and yet, unlike in co-presence, 
are unable to differentiate the status of such movements and find them-
selves unavoidably drawn to look at a whole range of largely irrelevant 
actions and activities. The larger images of the other and their local 
environment do not necessarily allow the user to monitor peripherally and 
assess the significance of changes in the screen's contents. The technology, 
or rather the other and their local environment, becomes increasingly 
obtrusive within the user's milieu, providing a stronger sense of co-
presence yet undermining the individual's ability surreptitiously to monitor 
and discriminate the actions and activities of their colleagues. Coupled with 
the obtrusiveness of the other with larger monitors, is a certain self-
consciousness as users appear to become increasingly sensitive to their own 
appearance in the local environment of their colleague. 

In developing audio-visual technologies to support collaboration 
between physically dispersed individuals, we have tended to establish 
systems which provide a form of mutual access which is relatively invariable. 
However, when one considers the extraordinary range of tasks and forms 
of sociability that the technology might support, it becomes increasingly 
apparent that we need to provide users with the ability to vary their mutual 
accessibility systematically. For example, consider the forms of screen-based 
collaboration reported in the experiments undertaken by Smith et al. 
(1989). For accomplishing many of their tasks users do not need visual 
access to each other, and yet, at critical moments when they are discussing 
the problem they are trying to solve, a face-to-face orientation seems to be 
particularly useful. Or consider the ways in which an individual delicately 
shifts the orientation towards a colleague as they mutually collaborate on 
some plans or drawings. It is precisely this issue that is addressed by recent 
developments in shared drawing tools at PARC. These offer particularly 
novel approaches to varying the accessibility of a video-projected collabor-
ator (Tang and Minneman 1991). 

The technology will support formal and informal collaboration, despite 
its potentially inherent problems, if users can systematically control, even 
in the developing course of an activity, their audio and visual accessibility 
to each other and local environments of action. The success of the tech-
nology, its ability to facilitate rather than undermine a range of tasks and 
forms of communication, will depend upon whether we are able build a 
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virtual presence which supports the delicate and systematic processes of 
interpersonal coordination found in real-world, everyday work environ-
ments. 

NOTES 
We should like to thank Robert Anderson, Victoria Bellotti, Paul Dourish, Bill 
Gaver, Marinajirotka, Allan MacLean, Tom Moran, Gary Olson, and judy Olson 
for their comments on earlier versions of this paper and also thank colleagues and 
numerous visitors to EuroP ARC for discussions on some of the issues it raises. Part 
of the research reported here was undertaken under the auspices of an ESRC/ 
MRC/SERC Research Grant concerned with the Social Organisation of Human-
Computer Interaction. 

1 For the purposes of presentation in this paper it is useful to map an individual's 
visual conduct relative to the other 'video partner'. Turning towards the other 
is indicated by an arc moving towards the dashed line, turning away, by an arc 
moving away and gaze towards the other is indicated by a continuous line along 
the dashed line. 

2 The transcription system for talk was developed by Gail Jefferson; details of the 
system can be found in various monographs and collections, including 
Atkinson and Heritage (1984), Goodwin (1981), and Heath (1986). 
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 LA VIDA SOCIAL DE LAS MAQUINAS:
 ORÍGENES, DESARROLLO

 Y PERSPECTIVAS ACTUALES
 EN LA SOCIOLOGÍA
 DE LA TECNOLOGÍA

 Eduardo Aibar*
 Universidad de Salamanca

 RESUMEN

 Aunque la denominada nueva sociología de la tecnología cuenta con una historia relativa-
 mente corta - aproximadamente unos quince años - , ha logrado articular una nueva y promete-
 dora perspectiva teórica sobre la compleja relación entre sociedad y tecnología, así como una
 gran cantidad de estudios detallados de caso. Este trabajo describe los orígenes y desarrollo de
 esta disciplina y ofrece una visión esquemática de los tres enfoques que la caracterizan: el enfo-
 que de sistemas, el constructivismo social y la teoría del actor-red. Se tratan igualmente algunas
 implicaciones sociológicas y teóricas de estos enfoques y se presta especial atención a los proble-
 máticos vínculos entre la sociología de la tecnología y la sociología del conocimiento científico.
 Finalmente, se apuntan de forma tentativa algunas posibles líneas de investigación para los pró-
 ximos años.

 1. INTRODUCCIÓN

 La Sociología de la Tecnología constituye un campo de investigación relati-
 vamente nuevo en el ámbito general de la sociología. Los trabajos más repre-
 sentativos en este nuevo programa de investigación han sido elaborados aproxi-
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 madamente en los últimos quince años. £1 primer encuentro internacional de
 investigadores en el área de la sociología de la tecnología -o en el «estudio
 social de la tecnología», como es denominado también - se celebró en la Uni-
 versidad de Twente (Países Bajos), en julio de 1985. Los trabajos presentados
 en dicha reunión fueron recogidos en el volumen The Social Construction of
 Technological Systems, New Directions in the Sociology and History of Technology,
 compilado por W. Bijker, T. Hughes y T. Pinch1, que se ha convertido en una
 de las obras más emblemáticas en el actual análisis sociológico de la tecnología.

 Los trabajos presentados en Twente tuvieron un carácter marcadamente
 programático - aunque en las versiones publicadas en la obra mencionada fue-
 ron enriquecidos con distintos estudios empíricos - . El encuentro tuvo como
 resultado más destacable la elaboración de un programa de investigación más o
 menos informal en sociología de la tecnología, en el que podían distinguirse,
 aunque de forma embrionaria, tres enfoques principales: el enfoque de siste-
 mas, el enfoque del actor-red y el enfoque constructivista social. Posteriormen-
 te, las tres perspectivas han sido agrupadas por observadores externos bajo la
 etiqueta general de constructivismo social o, simplemente, con la de constructi-
 vismo.

 En parte con objeto de responder a la cuestión de si este nuevo programa
 de investigación era capaz de generar un corpus suficientemente amplio de
 estudios empíricos detallados, se celebró un segundo encuentro2 en 1987
 - también en los Países Bajos - . La respuesta unánime de los investigadores
 reunidos fue un «sí» categórico.

 En efecto, la sociología de la tecnología, en un período de tiempo relativa-
 mente corto, ha producido no sólo un gran número de estudios de caso sobre
 múltiples ámbitos de la tecnología, sino, además, una aproximación teórica al
 desarrollo tecnológico que se enfrenta radicalmente a las concepciones tradi-
 cionales de la tecnología en diversos ámbitos disciplinares clásicos, así como
 una nueva perspectiva para el tratamiento de algunos problemas característicos
 de la teoría social. En especial, la sociología de la tecnología ha logrado articu-
 lar una visión, claramente innovadora en muchos aspectos, de los complejos
 procesos de interacción -o, más bien, co-producción - entre sociedad y tec-
 nología. Por todo ello, no resulta aventurado sostener que la sociología de la
 tecnología constituye en la actualidad uno de los ámbitos de investigación
 sociológica más dinámicos y prolíficos, tanto empírica como teóricamente.

 Algunas veces se añade el epíteto «nueva» a la actual sociología de la tecno-
 logía surgida a mediados de los ochenta. La razón de ello es que existe un
 grupo de sociólogos norteamericanos - Ogburn, Gilfillan y Nimkoff, princi-
 palmente - que, durante la primera mitad del siglo XX, acometieron la tarea
 de establecer una sociología de la tecnología. En un artículo representativo de

 1 Véase Bijker, Hughes y Pinch (1987).
 2 Versiones posteriores de los trabajos presentados en este segundo encuentro se recogen en

 Bijker y Law (1992).
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 esta orientación y publicado en 1922, Ogburn y su colaboradora D. Thomas
 sostenían, por ejemplo, que las invenciones tecnológicas, lejos de ser destellos
 impredecibles de inspiración, debían considerarse como inevitables (Ogburn y
 Thomas, 1922). Estos autores defendían un modelo evolutivo del desarrollo
 tecnológico, por oposición a la imagen tradicional del heroico inventor aisla-
 do. Se enfatiza, por lo tanto, el proceso acumulativo de variaciones sucesivas
 que acaba produciendo un nuevo artefacto. Cuando los componentes necesa-
 rios están presentes - especialmente los elementos técnicos constitutivos -
 puede afirmarse en cierto sentido que la invención debe tener lugar. Como evi-
 dencia para esta tesis, Ogburn y Thomas señalaban el gran número de inven-
 ciones que han sido hechas independientemente por más de una persona.
 Ogburn es también responsable, por otro lado, de la popularización del
 concepto de retraso cultural: la idea de que los valores, los hábitos, las creencias
 y las estructuras sociales a menudo se transforman a un ritmo considerable-
 mente más lento que las innovaciones tecnológicas. Para Ogburn, los diversos
 elementos del ámbito sociocultural siempre se desarrollan con un cierto retraso
 frente a la evolución de la tecnología (Ogburn, 1933).
 Este incipiente intento de fundar una sociología de la tecnología, sin
 embargo, no logró establecer una tradición sólida y duradera de estudios.
 Desde la nueva perspectiva adoptada por la actual sociología de la tecnología,
 además, el trabajo de estos autores americanos muestra dos características espe-
 cialmente problemáticas: la adopción explícita de la tesis del detenninismo tec-
 nológico y el énfasis casi exclusivo en la cuestión de los efectos o impactos socia-
 les de la tecnología. De hecho, ambos aspectos, combinados con un modelo
 lineal ád desarrollo tecnológico y con un tratamiento asimétrico de los artefac-
 tos técnicos, están también presentes - en mayor o menor grado, dependiendo
 de los casos - en las disciplinas que tradicionalmente han hecho de la tecnolo-
 gía un fenómeno merecedor de estudio: la economía, la historia y, más recien-
 temente, la filosofía.

 2. DETERMINISMO TECNOLÓGICO E IMPACTOS SOCIALES
 DE LA TECNOLOGÍA

 La tesis del determinismo tecnológico tiene dos vertientes distintas aunque
 relacionadas. En primer lugar, se considera que la tecnología constituye un
 ámbito de la realidad relativamente autónomo. Se piensa, así, que la tecnología
 sigue su propio curso al margen de la intervención humana o social y que, en
 lo fundamental, se desarrolla de forma incontrolada. Autores como Jacques
 Ellul, John Kenneth Galbraith o Martin Heidegger, procedentes de ámbitos
 disciplinares tan dispares, se muestran de acuerdo al afirmar que la tecnología
 se desarrolla según sus propias leyes inexorables, siguiendo una lógica particu-
 lar que en último término acaba escapando a cualquier intento de control
 humano (Winner, 1979).
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 La tesis de la tecnología autónoma defiende, por lo tanto, una relación uni-
 direccional entre tecnología y sociedad. Se considera que los desarrollos tecno-
 lógicos influyen significativamente en el orden social, mientras que la tecnolo-
 gía se muestra, por el contrario, impermeable a la influencia de factores socia-
 les. La influencia de la tecnología en el ámbito social se produce, pues, desde
 su exterior --de la misma forma que la tesis del determinismo climático en el
 siglo XIX consideraba los efectos supuestamente determinantes del clima (un
 factor autónomo e independiente de la sociedad) en el medio social (MacKen-
 zie y Wajcman, 1985: 4) - . Se considera que, aunque los sujetos de la innova-
 ción tecnológica son indudablemente miembros del sistema social, su actividad
 innovadora se sitúa en un plano independiente de dicha pertenencia: o es fruto
 de la simple aplicación de conocimiento científico, o bien consiste en la mejo-
 ra de la eficiencia de artefactos ya existentes.

 La segunda vertiente de la tesis del determinismo tecnológico se expresa
 paradigmáticamente en la afirmación de que el cambio social se halla determina-
 do por el cambio tecnológico. Se trata, pues, de la idea de determinismo tecnoló-
 gico en sentido estricto: por un lado, se considera que la base técnica de una
 sociedad es la condición fundamental que afecta a todos los modos de existen-
 cia social y, por otro, se piensa que los cambios tecnológicos son la fuente más
 importante de cambios sociales. Expresada escuetamente en estos términos, la
 tesis del determinismo tecnológico puede parecer una posición difícil de defen-
 der, pero constituye, sin embargo, un punto de vista muy extendido. La mayor
 parte de estudios de impactos sociales de la tecnología adoptan una u otra
 forma de determinismo tecnológico: se supone que ciertas instancias específi-
 cas del cambio social se hallan determinadas por las características internas de
 una innovación tecnológica concreta. Sin embargo, el determinismo tecnológi-
 co alcanza su máxima expresión cuando la introducción de una tecnología se
 interpreta causalmente como el agente básico de una transformación global del
 sistema social. £1 estudio clásico de White sobre la contribución del estribo al

 establecimiento de la sociedad feudal europea constituye un ejemplo paradig-
 mático (White, 1978). Algunas interpretaciones de la obra de Marx, en las que
 la tecnología deviene el elemento central en el desarrollo de las fuerzas produc-
 tivas y, consecuentemente, el determinante básico de los cambios sociales en
 general, pueden situarse en la misma línea3.

 En la actualidad, por ejemplo, muchos trabajos sobre el impacto social de

 3 La interpretación determinista tecnológica de Marx descansa primariamente en la identifi-
 cación de las fuerzas productivas con la tecnología (Blauner, 1964). Según este punto de vista, el
 desarrollo de la tecnología y de la productividad es el verdadero «motor de la historia». Los
 métodos productivos del capitalismo pueden constituir la base para el socialismo puesto que la
 tecnología se sitúa más allá (o más acá) de la lucha de clases (Burns, 1969). Otro grupo de auto-
 res, sin embargo, rechazan frontalmente la atribución de determinismo tecnológico a la obra de
 Marx y apoyan (mediante notables estudios de caso históricos) la tesis de que la tecnología
 misma se halla configurada, significativamente, por la lucha de clases (Braverman, 1985; Noble,
 1984).
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 la informática (o sobre la denominada revolución informática) adoptan posicio-
 nes cercanas al determinismo tecnológico. Se supone en muchas ocasiones que
 las características básicas de la sociedad futura - en este caso la sociedad de la

 información - estarán determinadas fundamentalmente por la forma en que el
 trabajo, las organizaciones, el ocio o la política se vean afectados por los nue-
 vos desarrollos informáticos. A veces, se acepta la existencia de un cierto
 número de opciones sociales posibles (sociedad del ocio versus paro estructural,
 por ejemplo); en cualquier caso, el abanico de opciones es limitado y, lo que es
 más importante, está limitado por la tecnología. Mientras que el medio social
 puede adoptar diversas configuraciones dependiendo del tipo de tecnología
 preponderante, la tecnología misma se considera un producto fundamental-
 mente «no social» cuyo desarrollo tiene lugar de forma inexorable o, por lo
 menos, aproblemática.

 La tesis del determinismo tecnológico, por otro lado, se halla fuertemente
 emparentada con el denominado modelo lineal del desarrollo tecnológico que
 los estudios históricos, económicos y filosóficos de la tecnología suelen em-
 plear implícita o explícitamente. De forma esquemática, el modelo lineal se
 presenta como una sucesión de fases discretas conectadas en un único sentido:
 conocimiento científico, aplicación del mismo a un problema práctico, inno-
 vación tecnológica, difusión y uso. Esta forma de entender el desarrollo tecno-
 lógico - omnipresente también en el diseño de políticas tecnológicas o en el
 área de la evaluación de la tecnologías4 - ha sido puesta en entredicho en los
 últimos años desde los estudios sociales de la tecnología. Por un lado, algunos
 elementos específicos del modelo lineal, como la conceptualización de la tec-
 nología como «mera ciencia aplicada», resultan actualmente insostenibles,
 tanto desde un punto de vista metodológico como histórico5. Por otro lado,
 tanto la conexión unidireccional entre los eslabones como la independencia
 entre las distintas fases del proceso han sido rebatidas desde distintos estudios
 de caso; hoy sabemos que las fases de diseño y difusión, por ejemplo, muestran
 un solapamiento innegable en muchos casos.

 La imagen tradicional de la tecnología ha propiciado también la elabora-
 ción de genealogías lineales en las que se agrupan diversas innovaciones técni-
 cas encadenadas unas a otras, según un criterio de eficacia creciente. En ese
 sentido, el estudio de la tecnología ha sido altamente propenso a los peligros
 de la distorsión retrospectiva, propiciando una lectura ideológica del material
 histórico: se sugiere que la historia del desarrollo tecnológico sigue una trayec-
 toria ordenada y racional, en la que la situación actual aparece como el objeti-
 vo preciso al que apuntan deliberadamente todas las decisiones tomadas en el
 pasado.

 Otro problema presente en muchos estudios históricos, económicos y filo-
 sóficos de la tecnología es el carácter asimétrico de los análisis. Se ha señalado

 4 Véase al respecto Aibar y Díaz (1994).
 5 Véase Aibar (1989).
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 que en los 25 volúmenes de Technology and Culture publicados hasta 1985,
 sólo nueve artículos habían sido dedicados al estudio de innovaciones técnicas

 fracasadas (Staudenmaier, 1985). Esta preferencia manifiesta por las innovacio-
 nes exitosas parece sustentarse en la suposición implícita de que el éxito de un
 artefacto constituye una explicación suficiente de su ulterior desarrollo. En muchas
 ocasiones, los historiadores de la tecnología, por ejemplo, interpretan el éxito
 evidente de un artefacto como demostración palpable de que cualquier otro
 trabajo explicativo adicional es innecesario o superfluo.

 Desde la actual sociología de la tecnología, los estudios económicos y filo-
 sóficos sobre la tecnología presentan, además, un nivel de generalidad demasia-
 do alto. Mientras que la filosofía de la tecnología se ha desarrollado casi abso-
 lutamente al margen de la investigación empírica o histórica, el análisis de los
 «contenidos» de la tecnología no ha desempeñado un papel relevante en los
 estudios económicos. Utilizando una metáfora introducida en la sociología del
 conocimiento científico, podríamos decir que los estudios económicos y filosó-
 ficos de la tecnología no se han preocupado de abrir la «caja negra» de la tec-
 nología.

 Esta crítica del- olvido del contenido técnico de las innovaciones no puede
 hacerse, sin embargo, a la historia de la tecnología, en que sí podemos encon-
 trar numerosos estudios detallados del desarrollo de tecnologías específicas en
 los que se incluyen análisis de sus pormenores técnicos. A pesar de ello, puede
 decirse que, hasta la década de los ochenta, los historiadores - siguiendo el
 dudoso precepto de un descriptivismo a ultranza - se han mostrado escasa-
 mente interesados en ofrecer explicaciones o generalizaciones que vayan más
 allá de los distintos estudios de caso. Aunque han entrado, efectivamente, en la
 caja negra de la tecnología, han quedado en la mayoría de los casos atrapados
 en su interior (Bijker, 1995).

 3. LA CONFIGURACIÓN SOCIAL DE LA TECNOLOGÍA

 El punto de partida básico de la sociología de la tecnología es la crítica a la
 tesis del determinismo tecnológico y a los supuestos teóricos y metodológicos
 en que se sustenta. Dicha crítica se articula a través de una concepción alterna-
 tiva de la relación entre sociedad y tecnología, que intenta superar la parciali-
 dad de los análisis de impactos centrándose, en su lugar, en el estudio de los
 factores de diverso orden que configuran el desarrollo de los artefactos técni-
 cos. Desde la posición determinista, la tecnología aparece en muchos casos
 como configurada únicamente por ella misma o, como mucho, por la investi-
 gación científica. Economistas evolutivos como G. Dosi, por ejemplo, han
 intentado promover el estudio del cambio tecnológico a partir del esquema
 conceptual kuhniano para el análisis del cambio científico (Dosi, 1982). Para
 Dosi, la tecnología se desarrolla, por lo tanto, según determinados paradigmas.
 Esta consideración ha llevado a algunos economistas a utilizar la noción de tra-
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 yectorias naturales para explicar el desarrollo subsecuente de una tecnología, bajo
 un paradigma dado (Nelson y Winter, 1982). De hecho, muchos estudios empíri-
 cos producidos desde la sociología de la tecnología han estado dirigidos a demos-
 trar que no hay nada «natural» en el desarrollo de las tecnologías (MacKenzie,
 1992); que el desarrollo tecnológico es, fundamentalmente, contingente y que
 cualquier instancia de trayectoria «natural» o «necesaria» es el logro (el efecto),
 ciertamente costoso y complejo, de las estrategias de los actores involucrados.

 La sociología de la tecnología se muestra también especialmente crítica con
 la reducción de la interacción entre tecnología y sociedad al flujo de los impac-
 tos de la primera sobre la segunda. En primer lugar, la influencia de la tecnolo-
 gía en la sociedad no se produce desde un ámbito exterior - tal y como los
 análisis de impactos sugieren - . Las diversas características - económicas,
 políticas, culturales, etc. - de una sociedad dada desempeñan un papel muy
 importante en las decisiones de distinto orden que configuran una tecnología
 concreta y determinan su diseño y difusión. Es un hecho incuestionable que la
 misma tecnología - desde el estribo al ordenador electrónico - puede tener
 efectos muy distintos en contextos sociales diferentes. La idea de que la tecno-
 logía tiene efectos «directos» o «evidentes» en la sociedad es demasiado simplis-
 ta y, de hecho, la determinación de los impactos o consecuencias secundarias
 de una tecnología constituye un proceso mucho más difícil y problemático de
 lo que cabría esperar desde el modelo standard. No es casual que muchos de
 los conflictos actuales en nuestra cultura tecnológica giren, precisamente, en
 torno a controversias sobre la determinación de los efectos (ambientales, socia-
 les, económicos...) de tecnologías concretas. Además, la presunta objetividad
 de los efectos descansa en una consideración aún más primaria: la idea de que
 tales efectos son causados por las características internas de la tecnología, como
 si éstas constituyeran un dominio de factores evidentes y aproblemáticos sobre
 cuya naturaleza no cabe la posibilidad de desacuerdo6.

 La sociología de la tecnología, a pesar de todo, no cae en el error de afir-
 mar que la tecnología no tiene efectos sociales: la idea - común en ciertos
 ámbitos - de que las tecnologías son, en sí mismas, inherentemente neutrales;
 la idea de que lo único realmente importante y decisivo es la sociedad que las
 utiliza y la forma en que lo hace. En lugar de ello, la sociología de la tecnología
 salta a un plano distinto en que la dicotomía entre neutralidad y determinismo
 tecnológico se desvanece: se trata de entender que la tecnología ejerce una gran
 influencia social, pero no desde un ámbito externo, sino en combinación con
 factores no tecnológicos.

 Es en este sentido que la sociología de la tecnología enfatiza los procesos de
 configuración social7 de la tecnología. El interés por la configuración social de
 los artefactos técnicos - frente al énfasis exclusivo de los estudios clásicos en

 los impactos sociales de la tecnología - adquirió una formulación explícita y

 6 Véase al respecto Grint y Woolgar (1995).
 7 En inglés: social shaping.
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 elaborada en una de las primeras obras compilatorias aparecidas en el campo
 de la nueva sociología de la tecnología: el volumen The Social Shaping of Tech-
 nology, editado por Donald MacKenzie (uno de los autores pioneros en la
 sociología del conocimiento científico) y Judy Wajcman8.

 La importancia de esta obra reside, en primer lugar, en que inaugura un
 nuevo ámbito de investigación sobre la relación entre tecnología y sociedad: el
 análisis del impacto de factores sociales de distinto orden en el diseño de la
 tecnología - es decir, lo que en términos poco precisos podríamos denominar
 el impacto de la sociedad en la tecnología, por contraposición al impacto de la
 tecnología en la sociedad - . En general, los trabajos reunidos en este volumen
 - y que agrupan a un gran número de autores procedentes de disciplinas
 diversas - están escritos bajo la premisa básica de que la tecnología constituye
 un recurso cuyo desarrollo, despliegue y utilización se hallan dirigidos funda-
 mentalmente por intereses sociales de diverso orden - intereses económicos,
 intereses de clase, de género, políticos, organizativos, nacionales, etc. - . Toma-
 dos en su conjunto, los trabajos recogidos exponen un corpus de evidencia
 empírica lo suficientemente amplio e impresionante como para que dicha tesis
 sea tomada, consecuentemente, muy en serio9.

 A continuación realizaremos un breve recorrido por los tres enfoques
 actuales más característicos de la nueva sociología de la tecnología: el enfoque
 de sistemas, el modelo constructivista social y la teoría del actor-red.

 4. EL ENFOQUE DE SISTEMAS

 La sociología de la tecnología ha sido caracterizada (Bijker, 1993) como
 hija de dos ilustres progenitores: la sociología del conocimiento científico (fun-
 damentalmente europea) y la historia de la tecnología (desarrollada principal-
 mente en los EE.UU., a partir de la labor pionera de autores como Melvin
 Kranzberg). Por lo que respecta a esta última, la obra del historiador Thomas
 Hughes (1983) supone un punto de inflexión destacado. En claro contraste
 con la metodología historiográfica tradicional en el terreno de la tecnología,
 Hughes ha elaborado un cierto esquema conceptual (llamarlo «teoría» puede
 resultar presuntuoso) que permite establecer una serie de valiosas generaliza-
 ciones sobre el desarrollo de la tecnología y que abre las puertas al tratamiento
 sociológico completo de los sistemas tecnológicos. Networks of Power, publica-
 da en 1983, traza con gran detalle y profundidad el crecimiento de la industria
 de producción y suministro de electricidad en el período 1880-1930 y puede

 8 MacKenzie y Wajcman (1985).
 9 Naturalmente, los distintos autores difieren en la determinación de los intereses y grupos

 sociales relevantes. Estas diferencias reflejan, por una parte, las diversas procedencias disciplina-
 res y, por otra, también, las diferencias entre las áreas empíricas estudiadas.
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 considerarse uno de los trabajos pioneros en el nuevo estudio sociohistóriccrde
 la tecnología10.
 £1 tratamiento de Hughes es meticuloso y exhaustivo, tanto por lo que res-
 pecta a las cuestiones técnicas, como a las económicas o políticas. Hughes
 introduce una serie de metáforas para ordenar y tratar el rico material histórico
 reunido. La más importante de ellas es la noción de sistema sociotécnico. Según
 su caracterización, un sistema sociotécnico está constituido por partes o com-
 ponentes de muy diverso tipo: artefactos físicos (generadores, transformadores,
 motores, líneas eléctricas, etc.), organizaciones (empresas, entidades financie-
 ras, etc.), componentes incorpóreos de tales organizaciones (libros, artículos
 científicos, programas de investigación, etc.), dispositivos legales (leyes, paten-
 tes, etc.), recursos naturales, etc. (Hughes, 1987). Dichos componentes se
 hallan conectados entre sí mediante una red o estructura. Los componentes
 interconectados de un sistema técnico se controlan normalmente de forma

 centralizada y usualmente los límites del sistema están determinados por el
 grado y eficacia de dicho control. De hecho, una de las habilidades básicas del
 constructor de sistemas11 es la de establecer la unidad a partir de la diversidad y
 la centralización frente a la multiplicidad. Los controles se ejercen para optimi-
 zar el funcionamiento del sistema. Como los componentes están relacionados
 mediante una red de interconexiones, el estado o actividad de un componente
 influye en el estado o actividad de otros componentes del sistema. Aunque es
 costumbre definir los sistemas como técnicos, económicos, políticos o sociales,
 la centralización del control que se lleva a cabo sobre sistemas de tipos distin-
 tos hace posible la conceptualización de los sistemas sociotécnicos.

 Hughes enfatiza también la importancia de la anotación de registros para el
 ejercicio del control centralizado: es imposible construir un gran sistema socio-
 técnico sin una estructura que proporcione, simplifique y yuxtaponga los
 datos, de forma que puedan ser fácilmente manejados en un único centro de
 control. Dado que los elementos que componen un sistema tienen un carácter
 claramente heterogéneo, estos procedimientos de constitución de un observa-
 torio implican un proceso de homogeneización en el que acontecimientos de
 diverso orden se convierten en registros.

 Hughes se resiste a la tesis del determinismo tecnológico y sugiere que el
 momentum tecnológico de los sistemas sociotécnicos sólidamente establecidos
 surge a partir de la inversión de recursos económicos, habilidades prácticas y
 formas organizativas y no puede entenderse, pues, como un proceso natural o
 necesario. Las tecnologías existentes generan una serie de núcleos cerrados en
 los que se mantienen cautivos una multitud de intereses políticos y económi-
 cos, hasta que los recursos invertidos se agotan.

 Hughes se opone a la distinción tradicional entre el contenido técnico del
 sistema y su contexto social (organizativo, político, etc.). Aquellos factores que
 normalmente se etiquetan como sociales u organizativos forman parte, en

 10 Véase también Hughes (1985).
 11 System builder (Hughes, 1983).
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 muchos casos, del núcleo del sistema y constituyen componentes esenciales
 para su funcionamiento. El concepto de entorno debe restringirse a aquellos
 elementos (tanto técnicos como sociales) que escapan al control centralizado
 del sistema; precisamente, los sistemas en expansión intentan absorber (redefi-
 nir, controlar) tantos factores de su entorno como sea posible - o, dicho de
 otra forma, intentan construir su propio entorno.

 Por otro lado, para Hughes, el estudio de los contenidos técnicos no es
 algo que deba evitarse: es necesario abrir la caja negra de la tecnología. Este
 extremo conduce a Hughes a un segundo concepto para el que emplea una
 metáfora extraída de la estrategia militar: la noción de saliente inverso. Los
 salientes inversos aparecen en un sistema en expansión, cuando un componen-
 te del sistema no marcha de forma armoniosa con el resto de componentes.
 Mientras que el sistema evoluciona hacia un objetivo, algunos componentes
 se retrasan o estancan y el crecimiento global del sistema se ve amenazado o
 frustrado: se requiere entonces un remedio inmediato. En la terminología de
 Hughes, los salientes inversos son problemas objetivos que surgen en los siste-
 mas sociotécnicos. Normalmente hacen que los ingenieros generen problemas
 críticos, es decir, conjuntos de problemas que, para los tecnólogos involucra-
 dos, definen el saliente inverso y que, en caso de ser resueltos, harán que el sis-
 tema regrese a un estado armónico.

 La obra de Hughes ilustra magistralmente el carácter heterogéneo de la
 construcción de sistemas - la forma en que lo social se manipula de manera
 simultánea a lo técnico - . De hecho, la mayor parte de sus trabajos describe las
 actividades de inventores-empresarios particulares y enfatiza la heterogeneidad
 de dichas actividades. Edison, por ejemplo, fue ciertamente un ingeniero de
 indudable inventiva. Pero sus cuadernos de notas revelan que sus pensamientos
 iban mucho más allá de la simple ingeniería. Trataba de forma simultánea los
 costes económicos, los impedimentos políticos y el conocimiento científico
 disponible. Su éxito, según Hughes, residió precisamente en la forma en que
 fue capaz de moldear todos esos elementos heterogéneos y de asociarlos entre
 sí para formar un sistema.

 5. EL ENFOQUE CONSTRUCTIVISTA SOCIAL

 Junto a la historia de la tecnología, la principal fuente de inspiración teó-
 rica de la sociología de la tecnología debe buscarse en la sociología del conoci-
 miento científico11. La sociología del conocimiento científico surgió en la déca-

 12 Dos buenas introducciones en castellano a la sociología del conocimiento científico se
 encuentran en González y Sánchez (1988) y en los capítulos 21 y 22 de Lamo, González y
 Torres (1994). Una excelente recopilación en castellano de artículos clave en la evolución de la
 disciplina se recoge en Iranzo et al. (1995). La producción castellana en el ámbito de la sociolo-
 gía constructivista de la tecnología es mucho más limitada. Una obra introductoria es Alvarez
 etal. (1993), y un estudio histórico de caso, Aibar (1995).
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 da de los setenta como una reacción frente al estrecho corsé impuesto a la
 sociología de la ciencia por la perspectiva mertoniana. Un grupo de sociólo-
 gos, en su mayoría británicos, comenzaron a poner en entredicho la división
 disciplinar del trabajo en que se sustentaba la sociología clásica de la ciencia:
 mientras que la sociología debía limitarse al estudio de las características insti-
 tucionales de la ciencia (el sistema de remuneraciones, las normas de compor-
 tamiento de los científicos - lo que Merton denominaba el ethos científico - ,
 la estratificación social en la ciencia, etc.), el análisis de los contenidos técni-
 cos de la ciencia - el conocimiento científico - debía dejarse en manos de la
 filosofía o metodología de la ciencia. Autores como David Bloor, Barry Bar-
 rí es, Donald MacKenzie o Steven Shapin abogaron, por el contrario, por un
 tratamiento sociológico completo de la producción del conocimiento científi-
 co y no únicamente de los aspectos institucionales de la ciencia. Huyendo de
 la llamada «sociología del error»13, estos autores defendían una aproximación
 simétrica en la que cualquier creencia o instancia de conocimiento científico
 - independientemente de su presunta verdad o falsedad - pudiera someterse
 al análisis sociológico.

 En la actualidad, y tras más de dos décadas de intenso desarrollo y evolu-
 ción, puede afirmarse que la sociología del conocimiento científico ha mostra-
 do cómo, en lo fundamental, el conocimiento científico en sus más variadas
 formas puede entenderse como resultado de complejos procesos de construc-
 ción social. Numerosos estudios empíricos han demostrado la presencia de
 procesos sociales - de orden muy diverso- en el corazón de las actividades
 científicas de generación y validación del conocimiento, desarrolladas dentro y
 fuera de los laboratorios. La existencia de dichos procesos no debe interpretar-
 se, sin embargo, como un indicador de falsedad, incorrección o deformación
 «ideológica». La tesis central de la sociología del conocimiento científico es,
 por el contrario, que la presencia de factores sociales es tan manifiesta en la
 «buena» como en la «mala» ciencia (MacKenzie, 1990: 10).

 Dentro de la actual sociología de la tecnología, el enfoque constructivista
 social es el que presenta una vinculación más directa y explícita con la sociolo-
 gía del conocimiento científico. En particular, el modelo de construcción social
 de la tecnología {social construction of technology, SCOT), desarrollado inicial-
 mente por Wiebe Bijker y Trevor Pinch, aparece - en sus primeras etapas -
 como un intento de aplicar el denominado Programa Empírico del Relativis-
 mo (EPOR) - delineado por el sociólogo británico Harry Collins14 - al análi-

 13 Por sociología del error se hace referencia a la confinación de la explicación sociológica a
 aquellos episodios de la ciencia en que el conocimiento resultante se considera erróneo o inco-
 rrecto. Los filósofos de la ciencia neopositivistas o racionalistas críticos, por ejemplo, utilizan
 causas de orden sociológico para explicar ciertos episodios clásicos como el caso Lysenko. En los
 casos en que el conocimiento científico resultante es considerado correcto, lo social no ejerce
 ninguna influencia. Los filósofos explican los aciertos, mientras que los sociólogos deben limitar-
 se a los errores.

 14 Véanse Collins (1981) y (1985).
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 sis de los artefactos técnicos15. En SCOT, el concepto de grupo social relevante
 constituye el punto de partida del análisis (Pinch y Bijker, 1984). Un grupo
 social relevante está constituido por individuos que confieren a un artefacto
 técnico un mismo significado. En general, se considera que las interacciones
 entre los distintos grupos sociales - así como entre los miembros de un mismo
 grupo- constituyen semánticamente los distintos artefactos, que a veces que-
 dan escondidos bajo la imagen única de un solo artefacto. En esos casos, el
 análisis debe mostrar la flexibilidad interpretativa de dicho artefacto, reconstru-
 yendo los significados que le atribuyen los distintos grupos sociales relevantes
 mediante el análisis de los problemas y soluciones que tales grupos asocian al
 artefacto16.

 El concepta de flexibilidad interpretativa es central en el programa cons-
 tructivista social: por un lado, enfatiza el carácter contingente del cambio tec-
 nológico y, por otro, es la llave que abre el paso al análisis sociológico de la tec-
 nología; constituye la justificación misma de su ejercicio. Metodológicamente,
 se fundamenta en el Principio de Simetría formulado por Bloor (1976) para el
 análisis social de la ciencia: tanto las afirmaciones científicas consideradas ver-

 daderas como aquellas que se tienen por falsas deben explicarse simétricamen-
 te, es decir, recurriendo al mismo tipo de causas. No debe ocurrir que la acep-
 tación de una afirmación (considerada en el presente verdadera) se explique
 por su contenido inherente de verdad, mientras que la aceptación de otra (con-
 siderada en el presente falsa) se explique recurriendo, por ejemplo, a las cir-
 cunstancias sociales de su producción17. La «verdad» no se considera la causa
 de la actividad científica (el agente neutral que cierra las controversias científi-
 cas), sino su producto - uno de sus efectos.

 Pinch y Bijker extienden este principio de simetría de la sociología del
 conocimiento científico al análisis de la tecnología argumentando que tanto el
 buen funcionamiento - la eficacia - como el funcionamiento incorrecto - la

 ineficacia - de las máquinas deben explicarse simétricamente18. A la hora de
 explicar un episodio particular de cambio técnico, la eficacia de un artefacto
 no debe ser el explanans, sino que debe formar parte del explanandum. El buen
 funcionamiento de un artefacto no debe considerarse la causa dada y aproble-
 mática de su éxito posterior, sino el resultado de un complejo proceso en el
 que la flexibilidad interpretativa del artefacto decrece. La eficacia no debe con-

 15 Autores como D. MacKenzie, figura destacada en la sociología del conocimiento científico
 pero que recientemente ha redirigido sus investigaciones al terreno de la tecnología, adoptan una
 perspectiva muy próxima a la de SCOT.

 16 Obviamente, se descarta la posibilidad de una descripción «objetiva» de la tecnología que
 no pueda conceptualizarse como fruto de una práctica interpretativa previa.

 17 Esta asimetría metodológica en los mecanismos de explicación ha sido durante muchos
 años la base de la legitimación de la división del trabajo en el estudio de la ciencia entre filósofos,
 epistemólogos o metodólogos, por un lado, y sociólogos, por otro.

 18 £1 supuesto básico para este salto metodológico es que, dentro de la imagen standard, el
 concepto de eficacia desempeña para los artefactos técnicos el mismo papel que el concepto de
 verdad para los hechos científicos.
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 siderarse como el punto de partida inequívoco y objetivo del desarrollo tecno-
 lógico, sino como un constructo complejo que debe pensarse más como efecto
 o como objetivo estratégico de los actores que como causa19. En palabras de
 Hughes: «del mismo modo que no existe una forma óptima de pintar a la Vir-
 gen, tampoco hay una forma óptima de construir una dínamo» (Hughes,
 1987: 68).

 La segunda etapa en el modelo SCOT consiste en el estudio del proceso en
 el que ciertos artefactos acaban estabilizándose, mientras que otros se desesta-
 bilizan y quedan relegados al margen de la historia. £1 grado de estabilización se
 introduce, pues, para mesurar las fluctuaciones en la flexibilidad interpretativa
 de un artefacto. Cuanto más homogéneos son los significados atribuidos a un
 artefacto, mayor es el grado de estabilización. Los diversos mecanismos de
 clausura de las controversias contribuyen al establecimiento de una interpreta-
 ción homogénea del artefacto, es decir, a la desaparición de su flexibilidad
 interpretativa - el artefacto técnico en cuestión deviene así una caja negra -
 Los procesos de clausura, merece la pena señalarlo, son casi irreversibles, pero
 no completamente. En el desarrollo tecnológico los artefactos técnicos mues-
 tran diversos grados de estabilización. Nunca alcanzan, sin embargo, una esta-
 bilidad absoluta. Dicho de otra forma, las tecnologías nunca llegan a adoptar
 una forma final o definitiva, siempre es posible reabrir una caja negra - aun-
 que la inversión de recursos necesaria sea, en algunos casos, descomunal20.

 La primera fase del modelo SCOT consiste, pues, en la determinación de
 los grupos sociales relevantes y en la descripción de la flexibilidad interpretati-
 va del artefacto. La perspectiva constructivista, sin embargo, no implica que
 cualquier configuración de artefactos o grupos sociales sea posible, que el pro-
 ceso de flexibilidad interpretativa o la elaboración de nuevas alternativas no
 tenga fin. Una posición como ésta subestimaría la estabilidad de los artefactos
 técnicos y sobreestimaría la solidez de las relaciones sociales. La visión cons-
 tructivista del cambio técnico, por el contrario, combina el análisis teórico de
 la contingencia del desarrollo tecnológico con el de su constreñimiento estruc-
 tural. El concepto de estructura tecnológica (technological frame) desempeña esta
 función primordial (Bijker, 1987 y 1995). Mediante cada proceso de estabili-
 zación se produce la emergencia de un nuevo entorno estructural para el suce-
 sivo desarrollo técnico. Tales estructuras tecnológicas, en primer lugar, son

 19 El concepto de eficacia constituye un punto clave en cualquier perspectiva teórica o políti-
 ca sobre la tecnología. Desde el punto de vista constructivista - y en clara oposición a las con-
 cepciones standard de la tecnología y, en particular, a la que podríamos denominar filosofía ana-
 lítica de la tecnología - , la eficacia de una tecnología o de un artefacto no puede considerarse un
 valor objetivo o aproblemático de la misma. La evaluación de la eficacia es siempre dependiente
 de los objetivos y las soluciones asociadas a una tecnología, así como de las consecuencias secun-
 darias de la misma. Tales elementos están sujetos, a su vez, a flexibilidad interpretativa y no pue-
 den caracterizarse al margen de los intereses y estructuras tecnológicas de los grupos sociales rele-
 vantes.

 20 La inversión de recursos necesaria para abrir una caja negra es siempre proporcional a los
 recursos que fueron empleados para cerrarla (Latour, 1987).
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 heterogéneas en el sentido de que no pertenecen exclusivamente al dominio de
 lo cognitivo o técnico ni al de lo social - y esto las diferencia de los paradig-
 mas kuhnianos - . Forman parte de una estructura tecnológica tanto artefactos
 ejemplares como valores culturales, tanto objetivos como teorías científicas,
 tanto protocolos de prueba como conocimiento tácito. Otra característica des-
 tacable de las estructuras tecnológicas es que no son entidades fijas: se constru-
 yen como parte del proceso de estabilización de un artefacto. Una estructura
 tecnológica no reside de forma interna en los individuos, ni de forma externa
 en las instituciones o sistemas. Es, más bien, una característica de las interac-
 ciones entre los actores (no está en ellos ni por encima de ellos) y requiere de
 dichas interacciones para mantenerse. £1 carácter interactivo de una estructura
 tecnológica la convierte, pues, en un concepto intrínsecamente dinámico. En
 tercer lugar, las estructuras tecnológicas poseen un doble carácter potenciador
 y limitador de los movimientos de los actores involucrados. Por un lado, pro-
 porcionan los objetivos, las ideas y los instrumentos para la acción. Ofrecen
 tanto los problemas centrales como las estrategias pertinentes para su resolu-
 ción. Pero, al mismo tiempo, la construcción de una estructura tecnológica
 limita la libertad de los miembros de un grupo social relevante. Aunque las
 interacciones crean la estructura, ésta condiciona las interacciones futuras.
 Dentro de una estructura tecnológica no todo es posible ya, pero las posibili-
 dades que quedan se hacen más claras y disponibles para los miembros de un
 grupo social relevante (Bijker, 1995).

 6. EL ENFOQUE DEL ACTOR-RED

 La teoría del actor-red11 constituye, sin duda, uno de los enfoques más idio-
 sincrásicos en el moderno estudio sociológico de la ciencia y la tecnología. Ha
 sido desarrollada fundamentalmente por dos autores franceses, Michel Callón y
 Bruno Latour, por lo que a veces se hace referencia a este enfoque con la expre-
 sión «la escuela de París» - en contraposición al carácter eminentemente anglo-
 sajón del resto de orientaciones en la disciplina - . Sin embargo, en la actuali-
 dad un gran número de investigadores no franceses han adoptado la perspectiva
 del actor-red y, lo que es quizás más importante, la mayor parte de investigado-
 res sociales de la ciencia y la tecnología se sienten, en un momento u otro, en la
 obligación de posicionarse respecto a ella de forma explícita22.

 La primera formulación exhaustiva de la teoría del actor-red se expone en
 la conocida obra de Bruno Latour Science in Action. How to Follow Scientists

 and Engineers Through Society, publicada en 1987. Posteriormente, la original
 perspectiva adoptada por esta obra, así como la compleja red de conceptos

 21 Actor-network theory.
 22 Una de las particularidades de esta teoría es que cuenta con partidarios acérrimos o con

 críticos encarnizados. Es difícil encontrar posturas intermedias.
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 empleados, han sido desarrolladas y completadas por un gran número de análi-
 sis teórico-metodológicos y de estudios empíricos de caso, entre los que desta-
 can los llevados a cabo por Michel Callón, John Law y el mismo Bruno
 Latour. £1 punto de partida metodológico de este enfoque es el análisis de la
 ciencia y la tecnología en acción: con esta expresión se hace referencia a los pro-
 cesos colectivos23 de elaboración de hechos y artefactos - por oposición al aná-
 lisis tradicional en el que hechos científicos y artefactos técnicos ya elaborados
 son el punto de partida - . Se trata, por lo tanto, de estudiar la ciencia y la tec-
 nología - que pasarán a denominarse globalmente como tecnociencia, dada la
 imposibilidad de distinguirlas tanto metodológica como institucionalmente
 (Latour, 1987) - antes de que las cajas negras se cierren o durante las contro-
 versias que las vuelven a abrir.

 Como se hace patente tras el examen de cualquier controversia tecnológica,
 los proyectos ingenieriles están constituidos por una mezcla o asociación de
 elementos heterogéneos cuya identidad y relaciones mutuas se convierten en
 problemáticas cuando estalla la polémica. En el análisis del episodio histórico
 del vehículo eléctrico VEL en Francia - un proyecto que acabó fracasando-,
 Callón (1980) identifica los diversos elementos que aparecen vinculados entre
 sí por el proyecto: electrones, baterías, movimientos sociales, firmas industria-
 les y ministerios gubernamentales. El éxito del artefacto construido se mide
 por la solidez y longevidad de las asociaciones heterogéneas propuestas por los
 ingenieros (Callón, 1987). Para ellos, no se trataba únicamente de apoyar una
 interpretación interesada de la sociedad francesa del momento (de sus necesi-
 dades, de sus perspectivas futuras, etc.) y de las preferencias de los consumido-
 res. Los ingenieros intentaban vincular entre sí las células de combustible, los
 automóviles eléctricos y los consumidores que utilizarían el VEL a pesar de sus
 mediocres prestaciones. Las asociaciones propuestas - y consecuentemente el
 proyecto en sí - se mantendrán estables solamente si las distintas entidades
 involucradas (electrones, catalizadores, firmas industriales, consumidores)
 aceptan los roles que se les han asignado. Para describir este tipo de asociacio-
 nes heterogéneas, así como los mecanismos que las transforman o consolidan,
 se introduce el concepto de actor-red.

 Un actor-red no es reductible ni a un actor ni a una red. Como las redes se

 componen de una serie de elementos heterogéneos, animados o inanimados,
 que han sido vinculados entre sí durante un cierto período de tiempo. El
 actor-red puede, así, distinguirse de los actores tradicionales en la sociología,
 puesto que éstos suelen excluir cualquier componente no humano y porque sus
 estructuras internas no suelen ser asimilables a las de una red. Pero, por otro
 lado, un actor-red no debe confundirse con una red que une, de forma predic-
 able, elementos perfectamente definidos y estables, puesto que las entidades de
 las que se compone, sean naturales, técnicas o sociales, pueden en cualquier
 momento redefinir de alguna forma su identidad y sus mutuas interrelaciones

 23 Véase al respecto Latour y Woolgar (1986).
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 o importar nuevos elementos a la red. Un actor-red es simultáneamente un
 actor cuya actividad consiste en conectar (enredir) elementos heterogéneos, y
 una red - en sí mismo - que es capaz de redefinir y transformar aquello que
 la constituye. Esta dinámica característica de los actores-redes se explica
 mediante dos mecanismos: la simplificación y la. yuxtaposición (Callón, 1987).

 La simplificación es el primer elemento necesario en la organización de
 asociaciones heterogéneas. En teoría, la realidad es infinita. En la práctica, los
 actores limitan sus asociaciones a una serie de entidades discretas cuyos atribu-
 tos o características están bien definidos. La noción de simplificación se utiliza
 para explicar tal reducción de un mundo infinitamente complejo mediante un
 proceso de traducción (Latour, 1987). Las ciudades, por ejemplo, consisten en
 algo más que el transporte público, el deseo de preservar los centros históricos
 y los ayuntamientos con sus representantes. Difieren entre sí por su población,
 su historia y su situación geográfica, por ejemplo. Pero para los ingenieros que
 defendieron el proyecto del automóvil eléctrico VEL, las ciudades podían
 reducirse - traducirse - a los ayuntamientos y a su tarea de desarrollar un sis-
 tema de transporte que no aumentase el nivel de contaminación. Los ingenie-
 ros no necesitaban saber más. La definición será realista en tanto en cuanto la

 simplificación en la que está basada pueda subsistir. Con otras palabras: las
 simplificaciones se mantendrán en pie sólo si no aparecen otras entidades que
 hagan el mundo más complejo y que conviertan la representación de la reali-
 dad propuesta por los ingenieros en una mera caricatura: el ayuntamiento
 puede dejar de ser representativo; las condiciones de vida en los distintos
 barrios pueden dejar de reducirse a las del centro; el sistema de transporte
 público puede entenderse como un aspecto más de la estructura urbana global.
 Lo mismo ocurre con las células de combustible - fuente de energía del
 VEL - . Si los catalizadores y los electrolitos se contaminan devendrán inesta-
 bles y la célula de combustible se hará demasiado compleja. En lugar de ser
 algo fácilmente manejable, las células de combustible se convertirán en un dis-
 positivo en el que un número creciente de elementos quedarán fuera de con-
 trol. Una «caja negra» cuyo funcionamiento había sido reducido a unos pocos
 parámetros bien definidos dará paso a un enjambre de nuevos actores indisci-
 plinados que no aceptarán las traducciones a que habían sido sometidos: cien-
 tíficos e ingenieros ajenos al grupo inicial que afirmarán tener la clave del fun-
 cionamiento de la célula de combustible, átomos de hidrógeno que se negarán
 a dejarse atrapar por los caros catalizadores, países del tercer mundo que
 aumentarán el precio de los metales preciosos, etc.

 Las simplificaciones que constituyen un actor-red son mecanismos de
 acción poderosos porque enrolan y movilizan (Latour, 1987) a un gran número
 de entidades. Pero una simplificación no tiene nunca una garantía absoluta.
 Cuando la controversia estalla, las entidades hipostasiadas por la simplificación
 pueden resquebrajarse y dejar entrever una gran cantidad de actores nuevos,
 cuyo comportamiento escapa al control de los ingenieros - éstos dejan de ejer-
 cer un control a distancia sobre ellas - . Una entidad simplificada sólo existe en
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 un contexto, esto es, yuxtapuesta a otras entidades con las que está asociada. Si
 se extrae uno de esos elementos, la estructura global cambia. El conjunto de
 asociaciones es el contexto que da a cada entidad su significado y que define
 sus límites. Las simplificaciones son sólo posibles si los elementos están yuxta-
 puestos en una red de relaciones y, a la inversa, la yuxtaposición de elementos
 requiere su simplificación.
 Las relaciones entre los distintos elementos de un actor-red pueden ser de
 tipos muy distintos. Ello hace inviable su reducción al abanico limitado de
 relaciones sociales que aparecen convencionalmente en los análisis sociológicos
 tradicionales. Obviamente, pueden existir relaciones de intercambio, relaciones
 de subcontratación, relaciones de poder o de dominio. Pero a menudo las rela-
 ciones entre las distintas entidades constituyen un conglomerado de todas esas
 categorías y algunas escapan por completo al vocabulario usual de la sociología
 o la economía. ¿Cómo pueden describirse las relaciones entre las células de
 combustible y los motores eléctricos sin hacer referencia a las corrientes eléctri-
 cas o a las fuerzas electromagnéticas? No sólo son heterogéneos los distintos
 elementos, sino las diversas relaciones entre ellos (Callón, 1986).
 El destino de un proyecto tecnológico, desde la perspectiva del actor-red,
 depende de tres factores interrelacionados. En primer lugar, de la capacidad de
 proyecto para construir y mantener una red global que proporcione los recursos
 necesarios para el proyecto. La red global ofrece a los constructores del proyec-
 to un grado de privacidad suficiente para actuar sin interferencias: ofrece un
 espacio de negociación. El segundo factor es la capacidad del proyecto para
 construir una red local que utilice los recursos proporcionados por la red global
 para ofrecer a los actores situados en ésta, una serie de recompensas materiales,
 económicas, culturales o simbólicas. El tercer factor, que se superpone a los
 otros dos, es la capacidad del proyecto para imponerse a sí mismo como un
 punto de paso obligado para toda comunicación (o intercambio de intermedia-
 rios: dinero, artefactos, personal, disposiciones legales, etc.) entre ambas
 redes24.

 7. EL DOMINIO DE LO SOCIOTECNICO

 La tesis de la construcción social de la tecnología debe distinguirse cuidado-
 samente de la idea trivial - presente a veces en algunas versiones excesivamen-
 te simplificadas del constructivismo- de que la tecnología es social porque
 está construida por seres humanos y, por tanto, está sujeta a influencias socia-
 les de diverso tipo. El carácter de constructo social de la tecnología -o alguno

 24 Véanse Callón (1987) y Latour (1987). Recientemente, Latour (1992) ha reformulado
 parcialmente su teoría mediante la introducción de una serie de conceptos de inspiración semió-
 tica: guiones, programas de acción, antiprogramas, prescripción, inscripción, etc. Véase también
 Akrich y Latour (1992).
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 de sus aspectos, como la flexibilidad interpretativa de los artefactos técnicos -
 no es en absoluto algo obvio en la mayoría de los casos y necesita demostrarse
 de forma rigurosa25. La tesis constructivista es que la tecnología, en toda su
 extensión y profundidad - incluyendo, en especial, sus aspectos más esotéricos
 (los diseños técnicos, los criterios de eficacia, los standards de precisión, etc.) - ,
 puede entenderse como el resultado de complejos procesos de construcción
 social.

 Ahora bien, el significado del término «social», en el contexto de los estu-
 dios sociales de la ciencia y la tecnología, debe ser puntualizado. En el terreno
 de la sociología del conocimiento científico, por ejemplo, el concepto de lo
 social ha sufrido un proceso de transformación evidente, desde los inicios del
 programa fuerte a los más recientes estudios de laboratorio. En estos últimos,
 cuando se habla de la construcción social del conocimiento científico no se

 hace referencia, por lo general, al influjo de la ideología o de factores
 macroinstitucionales en la ciencia - como sucede, por ejemplo, en los prime-
 ros trabajos del programa fuerte - . Esta interpretación, que podríamos deno-
 minar «clásica», de lo social no difiere mucho, en realidad, de la que se maneja
 desde la sociología de la ciencia mertoniana y se sustenta en una polaridad
 básica entre los aspectos internos (técnicos) y externos (sociales) de la actividad
 científica26. Desde los desarrollos más recientes en la sociología del conoci-
 miento científico, en cambio, aspectos como la ideología, los prejuicios, la des-
 honestidad, etc., sólo pueden explicar una parte ínfima de la actividad científi-
 ca y «apenas agotan el carácter social de la ciencia» (Latour y Woolgar, 1986:
 152). En los estudios de laboratorio y, en general, en el enfoque constructivis-
 ta, la construcción social del conocimiento científico se cifra, más bien, en el
 carácter idiosincrásico, local, heterogéneo, contextualy multifacético de las prácti-
 cas científicas (Knorr Cetina, 1981). «Construcción social», por lo tanto, hace
 referencia a los procesos microsociales que penetran - o, aún mejor, constitu-
 yen - incluso los aspectos más técnicos del quehacer científico cotidiano en
 los laboratorios. Consecuentemente, la oposición primigenia entre lo social y
 lo técnico (o científico) se diluye, el término «construcción social» deviene
 redundante y el epíteto «social» superfluo27.

 25 Curiosamente, el sociólogo del conocimiento científico Steve Woolgar, representante des-
 tacado del programa reflexivista, ha puesto en duda el carácter radical de la sociología de la tec-
 nología» afirmando que muy pocos filósofos van a escandalizarse ante la idea de que las tecnolo-
 gías están construidas socialmente (Woolgar, 1991). Dejando de lado el curioso indicador de
 radicalidad consistente en observar el número de filósofos escandalizados, lo cierto es que el
 carácter de constructo social de la tecnología es fuertemente antiintuitivo - tanto para los filóso-
 fos (cualquiera que haya defendido esta tesis ante filósofos de la ciencia lo habrá experimentado
 directamente) como para el resto del público - . Poca gente está dispuesta a aceptar, de buenas a
 primeras, que la eficacia relativa entre dos bicicletas de diseño distinto no pueda establecerse
 directamente mediante métodos objetivos e incontestables.

 26 Aunque el programa fuerte y el enfoque mertoniano resuelven de forma diferente la rela-
 ción entre ambos polos.

 27 Por esa razón, el término «social» ha desaparecido en el subtítulo de la segunda edición de
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 En la nueva sociología de la tecnología conviven dos perspectivas diferen-
 tes - aunque no forzosamente incompatibles - . Por un lado, siguiendo la
 línea de argumentación anterior, numerosos análisis de orden teórico defien-
 den la disolución de la dicotomía entre lo técnico y lo social (Bijker, 1995;
 Law, 1987). Por otro, sin embargo, «lo social» adquiere un sentido más amplio
 que en las interpretaciones sociológicas tradicionales: lo social es también lo
 económico, lo político, lo organizativo, lo legal, lo histórico, etc. (MacKenzie,
 1990). Pero lo importante es que, tanto en uno como en otro caso, por implo-
 sión o por explosión, «lo social» deja de identificarse exclusivamente con «lo
 sociológico».

 Consecuentemente, la perspectiva constructivista se desmarca tanto de los
 enfoques que se esfuerzan por situar la tecnología en su «contexto social» como
 de aquellos que identifican una «dimensión social» en la tecnología. Ambas
 tendencias caracterizan gran parte de la historiografía reciente sobre la tecnolo-
 gía y pueden considerarse extensiones al ámbito técnico de la denominada his-
 toria social de la ciencia. La obra del historiador británico A. Pacey (1990)
 constituye un ejemplo paradigmático en ese sentido. Pacey distingue tres
 aspectos o dimensiones de la práctica tecnológica: el aspecto técnico (que coinci-
 de con el significado restringido y tradicional de tecnología e incluye el conoci-
 miento, la destreza y la técnica, las herramientas, máquinas y productos quími-
 cos y, por último, el personal, los recursos y los desechos); el aspecto organiza-
 tivo (que engloba la actividad económica e industrial, la actividad profesional,
 los usuarios y consumidores, y los sindicatos); y, por último, el zspecto_cultural
 (los objetivos, valores y códigos éticos; la creencia en el progreso; la conciencia
 y la creatividad).

 Para Pacey, sin embargo, la dimensión social de la tecnología (que engloba-
 ría al aspecto cultural y al organizativo) no afecta significativamente al «núcleo
 puramente técnico» de la tecnología. En su opinión, es necesario distinguir
 entre «los aspectos de la tecnología que están ligados a los valores culturales y
 los que, en cierto sentido, son independientes de ellos» (Pacey, 1990: 17). En
 concreto, la construcción elemental de una máquina, así como los principios
 de su funcionamiento, son independientes de cualquier elemento cultural.

 Para la posición constructivista, en cambio, no existe ningún núcleo «pura-
 mente técnico» en la tecnología, ningún ámbito inmune al análisis sociológico.
 La tecnología es social por los cuatro costados. En palabras de D. MacKenzie:
 «technological knowledge (...) is social through and through» (MacKenzie,
 1990: 11). En realidad, la posición de Pacey constituye una instancia particu-
 lar de una tendencia más general presente en los estudios tradicionales de la
 tecnología. Se trata de la inclinación a poner, de un lado, las razones «técnicas»

 Laboratory Life (Latour y Woolgar, 1986). En el epílogo a esta segunda edición los autores sos-
 tienen que el uso del término en la primera edición fue deliberadamente «irónico»: «demostran-
 do su aplicabilidad generalizada, el estudio social de la ciencia ha despojado de significado lo
 "social"» (p. 281).
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 y, de otro, las «sociales» (culturales, políticas o económicas) que intervienen en
 las decisiones sobre la elección de un diseño particular para un artefacto. £1
 análisis de la relación entre tecnología y sociedad se convierte, así, en el estudio
 de las «transferencias» entre las dos columnas de factores: mientras que los
 estudios del impacto social de la tecnología se ocupan de las transferencias en
 una dirección, los trabajos sobre la configuración social de la tecnología lo
 hacen en la inversa. Pero, aunque ño puede negarse que la tentación de pro-
 mover un análisis «equilibrado» de este tipo ha estado presente en las etapas
 iniciales de la sociología de la tecnología28, la mayor parte de trabajos en la dis-
 ciplina, y especialmente los más recientes, sugieren que la relación entre socie-
 dad y tecnología es mucho más íntima de lo que un balance de ese tipo puede
 mostrar.

 La sociología de la tecnología no deja de enfatizar, en primer lugar, que
 nos enfrentamos, más que a un binomio tecnología-sociedad, a tecnologías y
 relaciones sociales, en plural. En segundo lugar, tanto las relaciones sociales
 como las tecnologías a menudo cambian simultáneamente. De hecho, el valor
 sociológico fundamental de la obra de Hughes reside- en que pone de manifies-
 to cómo los equipos directivos de las nuevas compañías eléctricas intentaron
 - con gran éxito - no sólo yuxtaponer los factores técnicos, económicos,
 sociales y políticos de forma que se optimizara el funcionamiento de sus com-
 pañías, sino que también se esforzaron por crear nuevas relaciones técnicas y
 sociales.

 La particularidad del enfoque de sistemas estriba en que, lejos de abogar
 por una posición ecléctica, reclama la sustitución del balance entre dos listas
 de factores (sociales y técnicos) que se influyen entre sí, por una postura que
 enfatiza la heterogeneidad fundamental de la construcción de sistemas y, conse-
 cuentemente, de los vínculos que caracterizan la vida social. Tanto los indivi-
 duos como las organizaciones forman parte de relaciones que están parcial-
 mente estructuradas mediante asociaciones artefactuales. No hay, por así decir-
 lo, relaciones «puramente sociales» o, si existen, tienen muy poca importancia.
 Y, a la inversa, naturalmente, lo «técnico» también es impuro: las tecnologías
 se construyen y mantienen mediante personas, habilidades prácticas, equipos y
 dinero. Ni lo social, por lo tanto, puede verse simplemente como el fondo que
 subyace o condiciona a lo tecnológico, ni tampoco puede verse lo tecnológico
 como aquello que subyace o determina a lo social. Más bien, se debe afirmar
 que lo sociotécnico influye en lo sociotécnico.

 El enfoque constructivista social sostiene la imposibilidad de hacer distin-
 ciones a priori entre lo técnico, lo social y lo científico. En el estudio de caso
 sobre la bakelita, realizado por Bijker (1987), la reacción de condensación de
 Baekeland, ¿fue la consecuencia de un hecho científico (como él mismo afir-
 maba)?, ¿o fue el resultado de un «tanteo» técnico exitoso (como podríamos

 28 Pane de la obra de MacKenzie y Wacjman (1985), por ejemplo, sugiere una posición de
 ese tipo.
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 pensar ahora, dado que la explicación de Baekeland ha sido superada por las
 modernas teorías macromoleculares)? ¿O no fue ni un logro científico ni uno
 técnico, sino por encima de todo el fruto de una estrategia económica: conver-
 tir a los competidores, mediante negociación, en socios durante el litigio sobre
 la patente y conseguir que las compañías fabricantes utilizasen el nuevo mate-
 rial? Este aspecto multifacético y heterogéneo del desarrollo técnico ha sido
 descrito, en la moderna sociología de la tecnología, mediante la metáfora del
 entramado sin costuras (the seamless web). £1 tejido de la sociedad moderna no
 está constituido por distintos trozos de telas científicas, técnicas, sociales, cul-
 turales y económicas, sino que, más bien, los pliegues que podemos observar y
 que corrientemente catalogamos mediante esos conceptos son el resultado de
 la actividad de los actores o del mismo analista29.

 El panorama de la «sociotecnología» que nos ofrece el enfoque constructi-
 vista es, en resumen, muy distinto de la imagen de la tecnología - y de la rela-
 ción tecnología-sociedad - que nos proporcionan los estudios tradicionales.
 Todas las relaciones se consideran ahora técnicas y, a la vez, sociales. No
 encontramos relaciones técnicas «puras» ni relaciones sociales «puras». Lo téc-
 nico está socialmente construido y lo social está técnicamente construido:
 cualquier entramado estable permanece unido tanto por medios sociales como
 técnicos (Bijker, 1993). El Principio de Simetría ha sido sustituido por un
 Principio de Simetría General (Callón, 1986): ni el análisis de lo técnico se
 halla supeditado al análisis de lo social, ni el estudio de las configuraciones
 sociales se reduce a la identificación de los determinantes tecnológicos. La uni-
 dad de análisis cambia: los artefactos técnicos han sido sustituidos por los
 entramados sociotécnicos (Bijker, 1995). «Cada vez que se escriba "máquina"
 como abreviatura de "entramado sociotécnico" deberemos ser capaces, en prin-
 cipio, de mostrar el carácter (socialmente) construido de esa máquina. Cuando
 se escriba "institución social" como abreviatura de "entramado sociotécnico"

 deberemos ser capaces de mostrar las relaciones técnicas utilizadas para estable-
 cer dicha institución como un dispositivo estable. Ni la sociedad está tecnoló-
 gicamente determinada, ni la tecnología lo está socialmente. Ambas emergen
 como las dos caras de una misma moneda, durante el proceso de construcción
 de artefactos, hechos y grupos sociales relevantes» (Bijker, 1993: 125). Repen-
 sar la tecnología nos conduce, indefectiblemente, a repensar la sociedad. La
 sociología de la tecnología entra en el dominio de la sociología general.

 29 Otra forma de expresar la misma idea consiste en observar las actividades de los ingenieros
 y reconocer que un ingeniero exitoso no es únicamente un genio técnico, sino también un
 «mago» económico, político y social. Lo que John Law (1987) ha denominado un ingeniero hete-
 rogéneo.
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 8. MAS ALLÁ DE LA SOCIOLOGÍA DEL CONOCIMIENTO
 CIENTÍFICO

 A menudo se suele presentar la nueva sociología de la tecnología como una
 mera aplicación de los principios metodológicos y teóricos de la sociología del
 conocimiento científico al terreno de los artefactos tecnológicos. Yo mismo, en
 la sección dedicada al enfoque constructivista social, propiamente dicho, he
 señalado el vínculo estrecho que une ambas disciplinas - especialmente en los
 orígenes del constructivismo social - . Algunos sociólogos de la ciencia han
 visto la sociología de la tecnología como una simple ampliación de los hori-
 zontes de su propia disciplina, por lo menos en términos del objeto de estudio.
 Algo así como una nueva fuente de la que extraer nuevos estudios de caso que
 confirmen las hipótesis básicas del programa fuerte30. Pero lo cierto es que, en
 la actualidad, ni el enfoque constructivista social ni la teoría del actor-red pue-
 den considerarse meras prolongaciones del programa fuerte en sociología de la
 ciencia al estudio del cambio tecnológico.

 Durante la década pasada ambos programas han mantenido lo que podría-
 mos denominar una convivencia pacífica, que en muchos casos se ha traducido
 en una cooperación intensa. De hecho, algunas de las figuras más destacadas
 en la sociología del conocimiento científico han convertido a la tecnología en
 su foco de interés primordial (Latour, MacKenzie, Pinch, Law, etc.). Sin
 embargo, la sociología de la tecnología ha desarrollado todo un nuevo esquema
 conceptual para el análisis del cambio técnico, así como una serie de conclu-
 siones teóricas que no sólo tienen poco que ver ya con las tesis comunes entre
 los sociólogos del conocimiento científico, sino que, en gran medida, han aca-
 bado entrando en contradicción flagrante con ellas.

 El inicio de las hostilidades abiertas puede situarse en un artículo publica-
 do por Collins y Yearly (1992¿) en el que, entre otras cosas, realizan una críti-
 ca sistemática de la teoría del actor-red de Latour y Callón31. El núcleo del
 conflicto reside en gran parte en la incompatibilidad entre los puntos de vista
 expuestos en la sección anterior y algunos principios metodológicos básicos de
 la sociología del conocimiento científico. Como hemos visto, la sociología de
 la tecnología realiza una crítica profunda del determinismo tecnológico sin
 caer en una forma paralela de reduccionismo social. Al extender el principio de
 simetría a lo que Callón ha denominado el. principio general de simetría, la
 sociología de la tecnología cuestiona la atribución de una dirección causal

 30 Steve Woolgar (1991), por ejemplo, cae en el error de afirmar que la sociología de la tec-
 nología no es más que un «giro tecnológico» acometido por los sociólogos del conocimiento
 científico deseosos de aplicar sus instrumentos conceptuales a nuevos ámbitos de la realidad. En
 su opinión, además, se trata de un giro mayormente estéril, que no aporta novedades teóricas
 significativas. Sus últimos trabajos, sin embargo, sugieren un cambio de actitud hacia la sociolo-
 gía de la tecnología (Grint y Woolgar, 1995).

 31 En el mismo volumen se incluye la réplica de Callón y Latour (1992), así como la contra-
 réplica de Collins y Yearly (1992¿).

 162

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 20:10:11 UTC               

All use subject to https://about.jstor.org/terms



 entre el ámbito social y el técnico. La crítica al determinismo tecnológico no
 conduce, por lo tanto, a la adopción de su imagen inversa, el determinismo
 social (la idea de que las relaciones y entes sociales constituyen una base lo
 suficientemente sólida y aproblemática como para explicar las particularidades
 del cambio tecnológico).
 Pero la sociología del conocimiento científico ha hecho del determinismo

 social su bandera. El análisis del conocimiento científico ha sido llevado a

 cabo, en buena parte, como una deconstrucción del discurso científico sobre la
 naturaleza, en base al discurso sociológico sobre lo social. Dicho de otro modo,
 el programa fuerte y sus derivados, como el programa empírico del relativismo
 de H. Collins, han adoptado una posición relativista frente a la ciencia natural,
 pero una posición realista respecto a la sociología. Implícitamente se ha
 supuesto que el dominio social constituye una base más sólida y estable que el
 natural. Mientras que la Naturaleza no se considera suficiente, por sí misma,
 para establecer el consenso entre los expertos científicos, los sociólogos han
 invocado la existencia de la Sociedad (bajo diversas formas: intereses, relacio-
 nes, instituciones, normas, etc.) para explicar la emergencia, el desarrollo y el
 cierre de las controversias científicas. La posición agnóstica ha sido mantenida
 frente a la ciencia natural y suspendida, sin más, frente a la ciencia social
 (Callón, 1986).

 La sociología de la tecnología, por el contrario, no concede un status privi-
 legiado a lo social. Las entidades sociales (grupos sociales relevantes, intereses,
 instituciones, etc.) se consideran fenómenos emergentes que se producen como
 efecto - y no como causa última - de asociaciones entre elementos de natura-
 leza heterogénea: tal y como ocurre con las tecnologías. Los fenómenos sociales
 no pueden tratarse como un mero recurso para explicar la construcción de los
 fenómenos naturales o técnicos. El objetivo del análisis ya no se concibe bajo
 el mecanismo reduccionista de deconstruir el objeto técnico en base a los
 logros de los actores (sujetos) sociales involucrados. El sujeto se considera
 tanto o más deconstruible - es decir, tanto o más construido, producido -
 que el objeto (natural o técnico). Tecnología y sociedad se co-producen conti-
 nuamente.

 El interés se traslada, ahora, a los procesos que tienen como resultado la
 distribución misma entre lo social y lo técnico. La distinción entre el dominio
 social y el técnico/científico, en lugar de considerarse el punto de partida del
 análisis, se considera uno de los logros más interesantes de las diversas asocia-
 ciones, vínculos y conflictos entre elementos heterogéneos, que constituyen el
 tejido de lo socio técnico. Es más, la frontera entre lo social y lo técnico se
 muestra inestable y movediza. Cada gran proyecto tecnológico, cada verdadero
 acontecimiento en lo sociotécnico tiene como resultado una nueva redistribu-

 ción de los elementos: cuestiones sociales que pasan a etiquetarse como funda-
 mentalmente técnicas o científicas y, viceversa, problemas de orden técnico y
 científico que adquieren el rango de cuestiones sociales.

 Tanto el enfoque constructivista social como la teoría del actor-red com-
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 parten el rechazo explícito al reduccionismo social que Collins y Yearly han
 defendido, con una gran dosis de cinismo, con el concepto de meta-
 alternancia?2. Aunque Pinch y Bijker (1987) comienzan su estudio de caso a
 partir de los grupos sociales relevantes, se trata únicamente de una puerta de
 acceso circunstancial - entre las varias posibles - al dominio de lo sociotécni-
 co. £1 concepto de estructura tecnológica y el de grado de inclusión en la misma
 permiten entender hasta qué punto las interacciones entre los miembros de un
 grupo y entre los distintos grupos sociales relevantes se hallan constreñidas por
 los artefactos estabilizados en el pasado.

 A pesar de ello, es la teoría del actor-red la que de forma más explícita ha
 intentado alejarse de los esquemas reduccionistas. M. Callón y B. Latour han
 profundizado en el Principio General de Simetría hasta convertir la distinción
 misma entre «lo humano» y lo «no-humano» - un principio fundamental de
 la teoría social y, en general, del pensamiento postwittgensteiniano- en pro-
 blemática. En su opinión, dicha distinción (que no es más que un reflejo de la
 separación tajante entre lo social y lo técnico) se basa en una clara distribución
 asimétrica de capacidades y roles. La agencia, en general, ha sido considerada
 tradicionalmente en los análisis sociológicos como un privilegio de los seres
 humanos: frente a la pasividad de los no-humanos, los humanos son capaces
 de querer, representar, fabricar, manifestarse, expresarse, etc. Por un lado,
 agentes humanos, rebosantes de subjetividad, intención y habilidades; por el
 otro, objetos materiales, pasivos, groseros y mudos. £1 estudio de la sociotec-
 nología muestra, sin embargo, que esa distribución asimétrica puede entender-
 se como un simple, aunque tremendamente arraigado, prejuicio; como una
 elección que, sin embargo, ha caracterizado gran parte del pensamiento con-
 temporáneo (Callón y Latour, 1992). £1 desarrollo de una tecnología lleva
 consigo, en la mayoría de los casos, una redistribución de la agencia y de todos
 los atributos relacionados: determinadas acciones son delegadas a actores
 humanos, mientras que otras se delegan a elementos no-humanos: «Las distin-
 ciones entre humanos y no-humanos, entre habilidades encarnadas o desencar-
 nadas, entre personificación y "maquinación", son menos interesantes que la
 cadena completa a lo largo de la que las competencias y acciones se distribu-
 yen» (Latour, 1992). £1 análisis de la tecnología nos confronta no con perso-
 nas, por un lado, y con cosas, en el otro, sino con «programas de acción, algu-
 nas de cuyas secciones se confían a partes de no-humanos, mientras que otras
 se asignan a partes de humanos» (Latour, 1992).

 En resumen, el enfoque del actor-red describe lo que desde la perspectiva
 socioconstructivista se denominaban entramados sociotécnicos, como redes
 heterogéneas de actores humanos y no humanos. £1 desarrollo de estas redes se
 analiza como una concatenación de traducciones - esfuerzos de los actores en

 la red por desplazar a otros actores a nuevas posiciones, confiriéndoles de esa
 forma también un nuevo significado - . El poder de los actores (sean indivi-

 32 Véase Collins y Yearly (1992*).
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 dúos, instituciones o artefactos), su capacidad para la acción, no es una pecu-
 liaridad intrínseca de ellos, sino que tiene su origen en las redes que pueden
 controlar y en las que están emplazados.

 9. EL FUTURO PRÓXIMO DE LA SOCIOLOGÍA DE LA TECNOLOGÍA

 La sociología de la tecnología constituye, sin lugar a dudas, un campo de
 investigación muy joven. Tras poco más de una década de trabajos apenas
 empezamos a entender los complejos procesos que dan forma a nuestra intrin-
 cada cultura tecnológica: las circunstancias en que proyectos descabellados o
 inverosímiles en su origen acaban extendiendo su redes a todo el tejido social,
 transformando las formas de vida y nuestras formas de pensar y de pensarnos;
 qué es lo que hace que ciertas opciones tecnológicas penetren el mundo de lo
 posible mientras que otras se ven condenadas al terreno de lo quimérico; por
 qué determinadas definiciones de la eficacia se imponen sobre otras; en qué
 manos está el destino de los artefactos que hemos de utilizar o rechazar; por
 qué, en resumen, las tecnologías adquieren una forma en particular y no otra.
 Estas cuestiones, y muchas otras relacionadas, definen el área temática de la
 sociología de la tecnología. Las respuestas dadas hasta el momento son parcia-
 les y, en cierta medida, humildes. Contamos con un cierto bagaje de estudios
 empíricos y con algunas tentativas muy loables de desentrañar teóricamente
 ese nuevo terreno - movedizo y largamente olvidado - de lo sociotécnico.
 Pero, por el momento, tanto el constructivismo social como el enfoque del
 actor-red constituyen, más que teorías elaboradas, programas de investigación
 prometedores aunque inmaduros.

 Una de las líneas de investigación futuras ha de ser, por fuerza, la encami-
 nada a perfeccionar la comprensión teórica de los entramados sociotécnicos.
 Necesitamos, en primer lugar, un nuevo vocabulario, un nuevo esquema con-
 ceptual que nos permita circular a través de la sociotecnología sin permanecer
 cautivos de las viejas distinciones (lo natural y lo artificial, lo científico y lo
 social, etc.). Necesitamos conceptos que pueden ayudarnos a describir el carác-
 ter híbrido de esos extraños objetos (por llamar de alguna forma a esos nuevos
 entes que se desplazan entre el objeto y el sujeto clásicos) y la heterogeneidad y
 contingencia de las asociaciones o conexiones en que sobreviven.

 En segundo lugar, la sociología de la tecnología debe profundizar mucho
 más en sus propios fundamentos. Los sociólogos de la tecnología han sido par-
 ticularmente agudos a la hora de identificar las graves deficiencias fundaciona-
 les o filosóficas de la sociología del conocimiento científico - como los soció-
 logos del conocimiento científico hicieron hace dos décadas con los sociólogos
 mertonianos y los filósofos de la ciencia neopositivistas y racionalistas - . Este
 camino no es sólo incierto y difícil, sino que se muestra ajeno a muchos soció-
 logos del conocimiento científico, reticentes a adentrarse en las aguas movedi-
 zas de la filosofía y más propensos a moverse en el campo concreto y empírico
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 de los estudios de caso. Pero, como hemos puesto de manifiesto, el terreno
 sobre el que se asientan algunos preceptos básicos del estudio social de la cien-
 cia no parece suficientemente solido. Bruno Latour, que puede considerarse
 uno de los pioneros en esta nueva empresa de exploración, ha mostrado, una y
 otra vez, la necesidad de tratar seriamente determinados problemas filosóficos
 tradicionales involucrados en la teoría social, que no pueden dejarse ya de lado
 mediante una huida hacia adelante, elaborando más y más estudios de caso, o
 mediante una posición ontológica cínica e inverosímil como la «meta-alternan-
 cia» de Collins y Yearly. El mundo de la sociotecnología, en su opinión, nos
 traslada más allá (o más acá) de la constelación del pensamiento moderno
 - caracterizado, en gran parte, por todas esas distinciones de las que la socio-
 logía de la tecnología lucha por liberarse - . El ámbito de lo amoderno (y no el
 de lo postmoderno: una mera caricatura oportunista de la modernidad venida
 a menos) debe ser aún explorado y el contacto con otras disciplinas o corrien-
 tes de pensamiento -dentro y fuera de la sociología - no debe ser descartado.

 Parte de este trabajo de fundamentación, obviamente, debe encarar algunas
 cuestiones propias de la teoría social. La polaridad entre agencia y estructura,
 la naturaleza misma de la agencia, la estructura de la explicación sociológica, la
 cuestión del reduccionismo, etc., son problemas clásicos en el pensamiento
 social, que están llamados a adquirir un papel central (como en algunos casos
 ya ha ocurrido) en la sociología de la tecnología y que, quizás, puedan benefi-
 ciarse considerablemente de sus nuevos puntos de vista. Un mayor diálogo
 entre la sociología de la tecnología y la sociología general puede resultar prove-
 choso para ambas.

 Existe, además, otro ámbito de problemas al que la sociología de la tecno-
 logía debe hacer frente en un futuro próximo. Se trata de las cuestiones que
 podríamos englobar bajo el epígrafe de «la política de la tecnología»33. La
 exploración de las implicaciones de orden político que pueden extraerse de la
 nueva perspectiva promovida por la sociología de la tecnología constituirá en
 los próximos años un campo de investigación de creciente importancia. Resul-
 ta obvio señalar que gran parte del pensamiento político en torno a la tecnolo-
 gía, así como el diseño tradicional de los mecanismos de control o evaluación
 de la tecnología, están basados en la imagen standard de la tecnología que los
 sociólogos han desarbolado en los últimos años. La práctica habitual de la
 denominada evaluación de tecnologías5* ', institucionalizada en la mayoría de paí-
 ses desarrollados, y el diseño común de las políticas tecnológicas, descansan,
 normalmente, en apreciaciones contrarias a las defendidas desde la sociología
 de la tecnología. De hecho, muchos autores han utilizado hábilmente en los
 últimos años la imagen constructivista de la tecnología para defender un cam-
 bio radical en los procedimientos de evaluación de tecnologías. La llamada
 Evaluación Constructiva de Tecnologías, surgida en los Países Bajos, es uno de

 33 La expresión ha sido acuñada recientemente por Wiebe Bijker (1995).
 34 En inglés, technology assessment.
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 los mejores ejemplos en ese sentido35. Frente a los puntos de vista expertocráti-
 cos tradicionales, estos investigadores abogan por la creación de nuevos meca-
 nismos de intervención sobre el desarrollo tecnológico, que abarquen todas las
 fases del mismo y que involucren a un número considerablemente mayor de
 actores sociales - sin caer en la tentación de promover el dudoso rol de los
 «evaluadores neutrales».

 Estos trabajos, sin embargo, no agotan las posibilidades de la sociología de
 la tecnología en esta temática. El diseño de nuevas formas de evaluación de
 tecnologías, o de políticas tecnológicas, está constreñido por «imperativos» for-
 males, institucionales y políticos propios del Estado moderno, que la sociolo-
 gía de la tecnología no debe hacer suyos, sin más, como elementos aproblemá-
 ticos. La expresión «la política de la tecnología», por oposición al estrecho
 corsé de la «política tecnológica», quiere hacer referencia a todo un nuevo
 campo de investigaciones que se abren a la perspectiva constructivista. En pri-
 mer lugar, podemos situar la cuestión del poder. El estudio del papel que la tec-
 nología (y la ciencia) desempeña en la estructuración de las relaciones de poder
 ha sido, de hecho, un tema recurrente en la corta historia de la sociología de la
 tecnología36. Es de esperar, sin embargo, que la cuestión del poder adquiera un
 protagonismo mayor en las investigaciones de los próximo años.

 Por último, dentro del ámbito político, el análisis de las controversias tec-
 nológicas públicas - tan características de nuestra cultura tecnológica - cons-
 tituirá, sin duda, un área de interés preferente. Los estudios desarrollados en
 las últimas décadas sobre la percepción pública de la ciencia y la tecnología
 pueden ser útiles en ese sentido, aunque desde la perspectiva constructivista
 adolecen de una simplificación excesiva y comparten demasiados rasgos con la
 imagen standard de la tecnología. El papel de los gobiernos, los agentes econó-
 micos, los grupos de interés, las organizaciones ecologistas y los mismos exper-
 tos científicos y técnicos en la configuración, desarrollo y clausura de las con-
 troversias tecnológicas públicas ha sido hasta ahora poco analizado de forma
 sistemática y global y constituye, en principio, un campo de exploración idó-
 neo para la sociología de la tecnología.

 35 Véanse, por ejemplo, Rip y Van den Belt (1986), Schot (1992), Smits (1993) y Aibar y
 Díaz (1994).

 36 Véanse, por ejemplo, Callón (1986), Law (1986) y Bijker (1995).
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 Virtual Webs, Physical Technologies, and
 Hidden Workers

 The Spaces of Labor in Information Internetworks

 GREG DOWNEY

 Barely ten years since its inception the World Wide Web has become all but
 impossible to ignore.1 My undergraduate students at a large Midwestern
 university in the turn-of-the-millennium United States are quite comfort
 able with the hyperlinked front end to the Internet that they simply call "the

 Web." Logging in at all hours from wired dorm rooms and public computer
 labs, they rely on it (often to a fault) as their main resource for communi
 cation, research, and entertainment. But in my classes I confront them with

 a different kind of Web: the Web as a historical and geographical problem.

 Dr. Downey is a Woodrow Wilson Postdoctoral Fellow in the Department of Geography
 at the University of Minnesota. The ideas behind this article were inspired by the 1998
 SHOT conference panel "Systems, Networks and Webs: New Directions in the Histori
 ography of Information Technology?" chaired by Paul Edwards, with comments by
 Thomas Parke Hughes, Geoffrey Bowker, Jon Agar, and JoAnne Yates, and by the 1999
 SHOT conference paper session "Clio and the Computer: Methodological Approaches to
 Artifacts, Actors, Systems and Webs," chaired by Robert Seidel, with papers by James E. To
 mayko and Rachel Knapp, Paul E. Ceruzzi, and the author, plus commentary by Paul
 Edwards. The author thanks all who participated in these sessions. He is also indebted to
 his dissertation advisers, David Harvey, Stuart Leslie, and Erica Schoenberger, for insisting
 that the historical study of internetworks be connected to present-day theory and practice,
 and to John Staudenmaier and the Technology and Culture referees for their help in turn
 ing scattered thoughts drawn from widely varying literatures into a cohesive article.

 ?2001 by the Society for the History of Technology. All rights reserved.
 0040-165X/01/4202-0001$8.00

 1. The first Web server went on-line at the European Organization for Nuclear
 Research (CERN) in 1990; the first popular web browser, Mosaic, was released by the
 University of Illinois National Center for Supercomputing Applications (NCSA) in 1993.
 (A browser, it may not yet be needless to say, is a software application running on a client
 computer that allows a user to view?"browse"?documents on a Web server if it is phys
 ically accessible?over some sort of network, usually the Internet?to that client.) See
 George Johnson, "From Two Small Nodes, a Mighty Web Has Grown," New York Times,
 12 October 1999; Tim Berners-Lee with Mark Fischetti, Weaving the Web: The Original

 Design and Ultimate Destiny of the World Wide Web by Its Inventor (San Francisco, 1999).
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 My favorite trick is to juxtapose two striking images of cyberspace and
 ask them to consider which one better reflects the reality of the Web they
 know so well.2 The first is a scene from the motion picture The Matrix (a
 favorite among my students): as the camera looks down a long, green
 glowing, number-coated, virtual hallway, three villains chasing the hero
 are suddenly revealed to be nothing more than chaotic blobs of alphanu
 meric characters, computer-generated algorithms posing as humans.3 The
 Web, this image seems to say, is nothing but pure data, and any illusion of
 humanity is merely an advertising gimmick. The second image is a simi
 larly long-perspective photograph of a hallway stacked floor to ceiling on
 both sides with boxes of all shapes and sizes. In place of the computer-gen
 erated avatars of The Matrix, casually dressed workers walk to and fro
 holding small electronic devices aimed at the shelves. Another science fic
 tion film? No: the interior of one of the eight U.S. distribution centers for
 electronic commerce giant Amazon.com. The point of the exercise, of
 course, is to question what it means to call the Web a cyberspace at all.
 How was this space created? Where is it located? And, especially, who
 makes it work?

 Such questions are not limited to the classroom, but appear in the daily
 news as well. At one end of the wage scale, the highly skilled programmers
 and designers of the once booming "e-commerce" sector are starting to
 question their stock-option-laden compensation packages in a market
 where the inevitable initial public offering is no longer an automatic road
 to riches.4 At the other end, many of the lower-paid workers at "e-tailers"
 such as Amazon.com?not only stock checkers walking the halls of ware
 houses, but technicians monitoring back-office "server farms" and tempo
 rary workers staffing technical-support phone lines?are demanding the
 right to unionize in pursuit of better wages, better hours, and more secure
 jobs.5 The new virtual economy cannot escape a very old physical fact: it
 takes human labor to make the Web work.

 This insight is crucial not only for Internet entrepreneurs but also for
 those who would study the Internet itself. My own interest in this topic
 originated in a study not of twenty-something programmers in the digital
 economy but of messenger boys working in the telegraph, telephone, and

 2. The term "cyberspace" was coined well before the advent of the Web by William
 Gibson in Neuromancer (New York, 1984). On the Internet as cyberspace, see Rob
 Kitchin, Cyberspace: The World in the Wires (New York, 1998), and "Towards Geographies
 of Cyberspace," Progress in Human Geography 22 (1998): 385-406.

 3. The Matrix (U.S., 1999), written and directed by Andy Wachowski and Larry Wa
 chowski.

 4. Saul Hansell and Matt Richtel, "PullingThePlug.com," New York Times, 6 Novem
 ber 2000.

 5. Steven Greenhouse, "Amazon Fights Union Activity," New York Times, 29 Novem
 ber 2000.
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 DOWNEY I Labor in Information Internetworks

 Post Office networks of the early twentieth century.6 In this earlier inter
 network, which I call an analog information internetwork, messengers,
 operators, lineworkers, and the like?each occupying a key position in the
 internetwork?were crucial to keeping information flowing.7 Such cate
 gories of labor?boundary workers who knit disparate communications
 networks together on a daily basis?are fundamental to the success of
 today's internetwork as well. The Internet would quickly go silent without
 the constant monitoring of network system operators.

 Paradoxically, the more the Internet grows in scale and scope, the more
 its virtual attractions obscure its physical foundation. Those crucial inter
 networkers become visible in the historical record only when three separate
 processes?technological innovation, the production of space, and the
 daily performance of labor?are considered simultaneously. Thus, reveal
 ing such work offers a unique opportunity (and challenge) for interdisci
 plinary cooperation between historians of technology, human geographers,
 and sociologists and anthropologists of work. In this article I hope to illus
 trate the possibilities offered by such collaboration by again juxtaposing
 two apparently different but fundamentally related images: the analog
 internetwork of a century ago and the digital internetwork under con
 struction today. The crucial question, though, is not whether the telegraph,
 telephone, and Post Office were equivalent to today's Internet, but rather
 whether analyzing those three networks as an internetwork?in which the
 whole is more than the sum of its parts?can lead to a better understand
 ing of today's Internet.8

 6. Greg Downey, "Uniformed Boys for Every Occasion': Telegraph Messenger Labor
 in the First Communications Internetwork, 1850-1950 (Ph.D. diss., Johns Hopkins

 University, 2000). The term "internetwork" comes from Paul N. Edwards, "Y2K: Mil
 lennial Reflections on Computers as Infrastructure " History and Technology 15 (1998):
 7-29.

 7. For general background of the components of the analog internetwork, see the
 following works. On the telegraph: David Hochfelder, Taming the Lightning: American
 Telegraphy as a Revolutionary Technology, 1832-1860 (Ph.D. diss., Case Western Reserve
 University, 1998); Robert L. Thompson, Wiring a Continent: The History of the Telegraph
 Industry in the United States 1832-1866 (Princeton, N.J., 1947); and Joel A. Tarr, with
 Thomas Finholt and David Goodman, "The City and the Telegraph: Urban Telecom
 munications in the Pre-Telephone Era"journal of Urban History 14 (November 1987):
 38-80. On the telephone: Milton L. Mueller Jr., Universal Service: Competition, Intercon
 nection, and Monopoly in the Making of the American Telephone System (Cambridge,

 Mass., 1997); and George David Smith, The Anatomy of a Business Strategy: Bell, Western
 Electric, and the Origins of the American Telephone Industry (Baltimore, 1985). On the
 Post Office: Gerald Cullinan, The United States Postal Service (New York, 1973); Wayne
 E. Fuller, The American Mail: Enlarger of the Common Life (Chicago, 1972).

 8. Note that I am not arguing here that an internetwork?or even an information
 internetwork?is a universal, ahistorical category; I am arguing that it might be more of
 a modern phenomenon than a postmodern one. As David Nye has observed, "The tele
 phone and telegraph, the early forms of networked communication, provide an essential
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 FIG. 1 The global digital information internetwork, circa 1990-2000.

 Take the Internet first. Born out of the Advanced Research Projects
 Agency Network (ARPANET) during the cold war, the Internet-as-inter
 network is today much more than a metanetwork of computer networks.9
 The Internet combines the technologies, institutions, commodities, and
 laborers of three preexisting networks: point-to-point telephone networks,
 broadcast (via cable or airwaves) radio and television networks, and
 packet-switching computer networks (fig. 1). I refer to this as a digital
 information internetwork because the key process tying its component net
 works together is digital convergence: the ability of nearly any kind of
 information?text or graphics, audio or video, even complex three-dimen
 sional environments?to be sampled, translated, and compressed into a
 common mathematical language of ones and zeros.10

 background for understanding the computer network"; see "Shaping Communication
 Networks: Telegraph, Telephone, Computer," Social Research 64 (fall 1997): 1067-91.
 Similarly, Anthony Giddens proposed that new methods of "time-space distanciation,"
 or "the conditions under which time and space are organised so as to connect presence
 and absence," were fundamental to modernity itself; The Consequences of Modernity
 (Stanford, Calif, 1990), 14.

 9. For an excellent history of the ARPANET (which I rely upon extensively in this
 article), see Janet Abbate, Inventing the Internet (Cambridge, Mass., 1999). On the geog
 raphy of the Internet, see Martin Dodge and Narushige Shiode, "Where on Earth is the
 Internet? An Empirical Investigation of the Geography of Internet Real Estate," in Cities
 in the Telecommunications Age: The Fracturing of Geographies, ed. James O. Wheeler, Yuko
 Aoyama, and Barney Warf (New York, 2000), 42-53.

 10. As Paul Edwards wrote, "This process is not only technical, but also commercial,
 social, and political. It opens the door to integrated infrastructures of huge scale and
 scope." Edwards, 16.
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 / Character-TransmissionX
 / Telegraph \

 \ Voice-Transmission \ / Physical-Transport /
 \ Telephone \ / Post Office /

 FIG. 2 The U.S. analog information internetwork, circa 1900-1940.

 Now consider the analog information internetwork, a century-old
 combination of character-transmission telegraph, voice-transmission tele
 phone, and physical-transport Post Office networks.11 Although these dif
 ferent technological systems were each built upon specialized electro
 mechanical devices, all three worked together in many unrecognized ways
 (fig. 2). The fact that a telegram sold by the telegraph network could be
 shepherded by messengers through the other two networks on its way to
 the addressee is but one example of how the telegraph, telephone, and
 postal system constituted a multimodal information internetwork that
 began and ended with messengers but encompassed a variety of technolo
 gies, commodities, and institutions in between.12

 11. I call this an "analog" internetwork because, in contrast to the digital internet
 work, information could only move over each component network in a single form,
 requiring repeated physical translations as it moved through the internetwork (handwrit
 ing to voice to dot-and-dash and back again). Although the telegraph itself was in some
 sense "digital"?based as it was on three possible states: no pulse, a short pulse (dot), and
 a longer pulse (dash)?those states were conveyed at varying cadences through the phys
 ical actions of rapidly pressing telegraph keys and attentively listening to telegraph
 sounders, and so were still analog at the core. Tom Standage, in The Victorian Internet: The
 Remarkable Story of the Telegraph and the Nineteenth Century's On-line Pioneers (New
 York, 1998), describes a "Victorian Internet" of "A patchwork of telegraph networks, sub
 marine cables, pneumatic tube systems, and messengers combined to deliver messages
 within hours over a vast area of the globe" (101). And Edward Rothstein has called the
 transcontinental railroad "the Internet of 1869" ("The Transcontinental Railroad as the
 Internet of 1869," New York Times, 11 December 1999). But no one has defined a turn-of

 the-century internetwork using multiple communications networks as I am doing.
 12. Note also that historical actors who used and studied the telegraph, telephone,

 and Post Office saw the three as an internetwork. Business texts from the 1910s through
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 A useful way to begin to think about these two internetworks is to use
 the technological systems framework, which treats individual technolo
 gies?whether physical devices or scripted procedures?not in isolation
 but together in the service of larger goals.13 Historians using this frame
 work have convincingly shown how the resulting large-scale arrangements
 of technologies emerge through a historically specific process of competi
 tion, compromise, and happenstance.14 This process has been variously
 labeled the "social shaping" or "social construction" of technology, which
 simply means that the specific kinds of technological infrastructures that
 result are neither preordained by the technology itself nor free of the mate

 the 1930s instructed students that proper business practice when sending telegrams
 involved all three media: even when paying for the "report delivery" and "repeat back"
 options to make sure telegrams were accurately transmitted and received (with those
 reports coming by telephone), important telegrams were to be "confirmed immediately
 by a properly dated and signed letter." See Frank C. McClelland, Office Training and Stan
 dards (New York, 1919); Lloyd L. Jones and Lloyd Bertschi, General Business Science (New
 York, 1930), 336; Clinton A. Reed and V. James Morgan, Introduction to Business (Boston,
 1932), 72. Social scientists exploring communications practices in the 1930s also agreed
 that consumers used all three networks together: "[The patron] may choose freely
 among the various point-to-point communication agencies available, according to his
 needs, with the assurance that his requirements will be met no matter what patented
 mechanical devices are involved, or what corporate interests provide the facilities
 employed under any given set of circumstances." See Malcolm Willey and Stuart Rice,
 Communication Agencies and Social Life (New York, 1933), 151.

 13. Thomas Hughes illustrated how the various technologies that make up the elec
 trical power system in the United States?generators, dynamos, transformers, end-user
 appliances, and the like?coevolved under the conscious control of electrical power
 companies and appliance manufacturers. See Thomas P. Hughes, Networks of Power:
 Electrification in Western Society, 1880-1930 (Baltimore, 1983); "The Evolution of Large
 Technological Systems," in The Social Construction of Technological Systems: New
 Directions in the Sociology and History of Technology, ed. Wiebe Bijker, Thomas Hughes,
 and Trevor Pinch (Cambridge, Mass., 1987); and "Technological Momentum," in Does
 Technology Drive History? The Dilemma of Technological Determinism, ed. Merritt Roe
 Smith and Leo Marx (Cambridge, Mass., 1994): 101-14. Hughes considered the
 ARPANET in particular in his Rescuing Prometheus (New York, 1998). In this article I
 refer specifically to information internetworks, although it would be useful to consider
 whether the internetwork model applies to other technological arrangements?even
 Hughes's original example of the electrical power industry might be considered an inter
 network now that global utility deregulation and new technologies such as fuel cells have
 complicated the picture.

 14. In terms of the digital internetwork, Janet Abbate has shown that the shape of
 the ARPANET was determined largely by its enthusiastic (and technically savvy) user
 base. As for the analog internetwork, studies by Paul Israel, Claude Fischer, and Richard
 John have shown how operators, consumers, and legislators helped to shape the tele
 graph, telephone, and Post Office networks: see Paul Israel, From Machine Shop to Indus
 trial Laboratory: Telegraphy and the Changing Context of American Invention, 1830?1920
 (Baltimore, 1992); Claude S. Fischer, America Calling: A Social History of the Telephone to
 1940 (Berkeley, Calif., 1992); and Richard R. John, Spreading the News: The American
 Postal System from Franklin to Morse (Cambridge, Mass., 1995).
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 rial constraints of the physical and chemical properties of matter, but are
 instead a compromise between technological possibility and societal
 action?even if in many cases those actions are carried out by a relatively
 small and elite segment of society.15 These may seem like obvious points,
 but they still drop out of many analyses of the so-called network society.
 For example, Manuel Castells, who theorized a new "informational mode
 of development" operating through what he called the "spaces of flows,"
 wrote that the information technology underlying those spaces emerged
 through "autonomous dynamics of technological discovery and diffu
 sion."16 But technology neither emerges nor diffuses autonomously. Just as
 earlier societies created particular kinds of agrarian and industrial modes
 of development, today a particular kind of informational mode of devel
 opment is being created, negotiated through contemporary societal choices
 and built upon historical precedents set by the telegraph, telephone, and
 Post Office decades earlier.

 Still, there are technological patterns to this evolving informational
 mode of development. Both the analog and the digital internetworks are, at
 their core, networks. In other words, these aggregations of technology are
 constructed with two particular geographic goals in mind: first, to over
 come the material constraints of time and distance in the transmission of

 information, and second to leverage the economies of scale of aggregate
 activity among many simultaneous users. A network arrangement involves
 both the regular interconnection over space of homogeneous systems into
 some organized pattern (daisy chain ring, hierarchical tree, star and hub)
 and some sort of scaled-up functionality over time that emerges only as the
 number of interconnections increases (greater processing or storage power,
 more flexible user access, larger numbers of simultaneous users). In fact,
 such benefits are themselves known as "network effects."17

 Consider the history of the Internet, a digital internetwork that evolved
 out of a carefully planned digital network, the ARPANET. The original pur

 15. For other views on more specific meanings of social shaping and social con
 struction, see Trevor Pinch and Wiebe Bijker, "The Social Construction of Facts and
 Artifacts," in Bijker, Hughes and Pinch; Donald MacKenzie and Judy Wajcman, eds., The
 Social Shaping of Technology (Philadelphia, 1999).

 16. Manuel Castells, The Informational City: Information Technology, Economic
 Restructuring, and the Urban-Regional Process (New York, 1989); The Rise of the Network
 Society, vol. 1 of The Information Age: Economy, Society and Culture (New York, 1996);
 and "Grassrooting the Space of Flows," in Wheeler, Aoyama, and Warf (n. 9 above),
 18-30. For a critique of the Castells thesis, see Neil Smith, "Spaces of Vulnerability: The
 Space of Flows and the Politics of Scale," Critique of Anthropology 16 (1996): 63-77. On
 autonomous technology, see Smith and Marx; see also Langdon Winner, Autonomous
 Technology (Cambridge, Mass., 1977).

 17. This phenomenon is sometimes described as "Metcalfe's Law," after a statement
 made by John Metcalfe, codesigner of the Ethernet protocol: "the usefulness, or utility, of
 a network equals the square of the number of users." John Markoff, "New Economy:
 Airborne and Grass Roots," New York Times, 30 October 2000.
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 pose of the ARPANET was to connect many different institutions (univer
 sities and defense contractors) across the space and time of North America
 so that they could share each other's unique or expensive resources (new
 mainframe computers). Even though these shared resources were heteroge
 neous in a narrow sense?computers made by different manufacturers for
 different uses?they were also homogeneous as electronic, digital, pro
 grammable computing devices.18 Given this desired network effect, the
 problem became a geographical one: how to create a pattern of intercon
 nections that met Cold War requirements for resiliency and redundancy.
 Distributed packet-switching was the novel solution.19

 A similar geographical question drove the creation of the earlier ana
 log internetwork: how to allow people to exchange information across the
 vast space of a continent in the shortest possible time. The Post Office,
 telegraph, and telephone emerged in sequence as solutions to this prob
 lem, but instead of replacing each other these networks ended up con
 necting together and assisting each other in serving that overarching
 goal.20 The more people who could be reached by each information net
 work, the more valuable all three networks became, because whenever one
 network couldn't reach the addressee itself it could hand the message over
 to one of the other two networks.

 Such cooperation continued even though each individual network
 exhibited changing spatial and temporal extent over its own history.
 Spatially, the Post Office closed branch offices but moved to free urban and
 rural door-to-door delivery, the telephone entered more and more homes
 and businesses, and the telegraph struck deals with railway stations, drug
 stores, and hotels to act as subcontracted offices. Temporally, the Post
 Office augmented its daily routes with special messengers when immediate
 delivery was necessary, the telephone staffed its exchanges with messenger
 boys in the late hours when female operators were not available, and the

 18. Note that this description differs from Edwards's conceptualization (n. 6 above)
 of networks as arrangements linking heterogeneous technological systems.

 19. Abbate (n. 9 above), ch. 2. Furthermore, the network links were made not only
 through the design of a shared protocol to be used by the heterogeneous hosts?the
 "Network Control Program" (NCP)?but also through the construction of a homoge
 neous set of hardware additions?an "Interface Message Processor" (IMP) for each het
 erogeneous host.

 20. Here I am challenging the model of technological succession that is so often
 repeated in the history of communications. That model argues that the method, speed,
 and form of message delivery all gradually advanced starting from the early 1800s. First
 came the Post Office, sending print messages at railroad speeds; then came the telegraph,
 sending text messages at electric speeds; finally came the telephone, sending voice mes
 sages at electric speeds. But the technological succession argument is nothing more than
 a technological determinism argument in disguise. Rather than a story of succession,
 mine is a story of blurring, in which disparate networks coexist uneasily for extended
 periods of time.
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 telegraph ran messages on Sundays and holidays when the Post Office was
 closed. Attention to network geography reveals such shifts.

 In both of these eras, the construction of the communications inter

 network represents what geographers have called the production of space
 and time.21 Briefly stated, this means that both space and time can be
 thought of as produced commodities, since the means to overcome tempo
 ral and spatial barriers must first be produced through capital and labor
 (and since such means are subsequently used in the further accumulation
 of capital through labor). For example, adding floors to a building creates
 more office or factory space, allowing for the mustering of more workers
 for a single task; similarly, speeding up a machine that controls a labor
 process produces more time for commodity production or service delivery.
 In fact, almost any change in the social process of production and repro
 duction requires a change in the organization of space and time as well.
 Especially in moments of crisis brought on by economic overproduction,
 when existing fixed assets are suddenly devalued just as investment in new
 fixed assets is most urgently needed, new capital accumulation often hinges
 on how quickly new space and time can be produced (or old spatial and
 temporal arrangements destroyed).22

 Considering both the analog and the digital internetworks as produced
 spaces highlights a key similarity between the two: both used new socially
 constructed technologies to create new socially constructed spatialities.
 Though all social processes are inevitably temporal and spatial in nature (in
 that time and space are universal, fundamental categories), every society's
 conception of those categories is nevertheless historically unique. Whether
 time is thought of as linear or cyclical, or whether points in space are
 thought of as distant or connected, the work we do in molding our envi
 ronments in order to live our lives affects how we think about the spa
 tiotemporality of those same environments.23

 Time and space, however, are no less real because they are socially con
 structed.24 Advertisements in Wired magazine that show the digital inter
 network "shrinking the globe" represent the reworking of a metaphor pre
 viously applied to the analog internetwork, which was supposed to

 21. Henri Lefebvre, The Production of Space, trans. Donald Nicholson-Smith (Cam
 bridge, Mass., 1991).

 22. David Harvey, The Limits to Capital (Cambridge, Mass., 1982), and "Between
 Space and Time: Reflections on the Geographical Imagination," Annals of the Association
 of American Geographers 80 (1990): 418-34.

 23. On social and cultural theories of space and time, see Edward T. Hall, The
 Hidden Dimension (Garden City, N.Y., 1966) and The Dance of Life: The Other Dimension
 of Time (Garden City, N.Y., 1983); Stephen Kern, The Culture of Time and Space:
 1880-1918 (Cambridge, Mass., 1983).

 24. As David Harvey noted, "Social constructions of space and time operate with the
 full force of objective facts to which all individuals and institutions necessarily respond";
 lustice, Nature, and the Geography of Difference (Cambridge, Mass., 1996), 211.
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 annihilate space and time.25 In both cases, internetwork-enabled processes
 compressing time and space involved the coordination of human activity,
 flows of cultural information, and the turnaround time of money capital,
 all very real elements of the global capitalist production process.26 And just
 as space and time are both physical and social phenomena, the production
 of space and time may have both physical and social implications as well,
 with space arranged specifically to exclude certain disempowered persons,
 or time arranged specifically to accommodate certain powerful persons.
 Tracing such "uneven development" is the key advantage of geographic
 analysis in the first place.27

 But socially constructed virtual spaces must still be grounded in the
 socially constructed physical world.28 The Web may be creating virtual
 meeting rooms to which highly paid knowledge workers can "transport"
 themselves for corporate brainstorming sessions while physically remain
 ing at home, but those electronic spaces depend on underground fiber
 optic cables, rooftop microwave transceivers, and suburban offices where
 network administrators keep backup power supplies on call. Similarly, the
 telegraph changed the temporality of market investment and news dissem
 ination, virtually "moving" all large urban centers closer to New York City.
 Yet that telegraph operated within the physical world of railroad rights-of

 25. Although Karl Marx used the phrase "annihilation of space by time" in the
 Grundrisse during the 1850s, the first example of this in reference to communications
 technology may have been in Western Union's annual report of 1869: "The value of the
 telegraph does not consist in the amount of time which can be saved by it over the mail
 or other means of communication, but in its practical annihilation of time"; Western
 Union Telegraph Company, Annual Report of the President of the Western Union Telegraph
 Company to the Stockholders (New York, 1869), 39.

 26. David Harvey, The Condition of Postmodernity: An Enquiry into the Origins of
 Cultural Change (Cambridge, Mass., 1989), 240. See also Scott Kirsch, "The Incredible
 Shrinking World? Technology and the Production of Space," Environment and Planning
 D: Society and Space 13 (1995): 529-55.

 27. Neil Smith, Uneven Development: Nature, Capital, and the Production of Space
 (New York, 1984). The discipline of geography has been contested terrain for much of
 this century, and my interpretation of the field is only one view among many. See Derek
 Gregory, Geographical Imaginations (Oxford, 1994); John Agnew, David N. Livingstone,
 and Alisdair Rogers, eds., Human Geography: An Essential Anthology (Cambridge, Mass.,
 1996); Richard Peet, Modern Geographic Thought (Maiden, Mass., 1998); and Tim
 Unwin, The Place of Geography (New York, 1992). Interestingly, geographers have his
 torically paid less attention to communications than to transportation and location the
 ory. For a discussion of this bias, see Ronald F. Abler, The Geography of Intercom
 munications Systems: The Postal and Telephone Systems in the United States (Ph.D. diss.,
 University of Minnesota, 1968); Aharon Kellerman, Telecommunications and Geography
 (London, 1993).

 28. As Neil Smith argued in his critique of Manuel Castells, "capital and information
 are never entirely free of place, and spatial fluidity is only ever achieved via a parallel and
 deepening spatial fixity which at crucial moments reasserts itself, often violently";
 "Spaces of Vulnerability" (n. 16 above), 69.
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 way, wooden poles, and high-rent urban offices where messengers waited
 on benches, sheltered from the cold.

 Paying closer attention to the boundary between the virtual and the
 physical reveals how the "ARPA Internet" project, which followed the
 ARPANET but preceded today's Internet, was still a network at its heart.
 After launching the ARPANET, ARPA set up two similar packet-switching
 networks, PRNET (using ground-based radio transmission) and SATNET
 (using satellite radio transmission). Each of these new networks was opti

 mized for a different kind of physical environment than the telephone
 wired ARPANET. In connecting PRNET and SATNET to the ARPANET,
 ARPA's desired network effect was no longer the remote sharing of expen
 sive computing resources (made moot by smaller and cheaper minicom
 puters) but instead electronic mail (e-mail) communication (the most
 popular activity on the ARPANET) among an ever growing population of
 users. Yet the problem was still a geographical one: how to build a more
 reliable network using different technologies for different environmental
 conditions.29

 The connection between the virtual and the physical also solves a major
 difficulty with treating the telegraph, telephone, and Post Office as an inter
 network. Paul Edwards, using the technological systems framework, has
 argued that any internetwork would have two main qualities. First, techni
 cal control that was previously centralized in a single system would be
 decentralized in an internetwork. For example, designers built resiliency
 and redundancy into the ARPANET by having each individual host com
 puter be responsible for routing incoming packets of data around the net
 work, rather than designating a centralized routing machine that would be
 prone to physical or electronic attack.30 Second, internetworks would oper
 ate through shared protocols carefully designed by innovative "protocol
 builders."31 For example, the fact that today a single "IP address" uniquely
 identifies any Internet-accessible computer on the globe is the result of a
 long history of ARPA protocol building.32

 These criteria can be applied to the historical combination of tele
 phone, telegraph and Post Office as well, even though there is a fundamen

 29. Abbate (n. 9 above), ch. 4. The three ARPA networks may have been heteroge
 neous in their physical method of operation, but they were homogeneous in their
 packet-switching basis, in their shared goals, and in their institutional management. And
 since the new Internet protocols were written to entirely replace the old ARPANET pro
 tocol, it is unclear whether this was actually an internetwork project or just a newer,

 more versatile network that was being created using reprogrammable components of an
 older network.

 30. Edwards (n. 6 above); Abbate, ch. 1.
 31. This is analogous to Hughes's "system builders," those innovators and entrepre

 neurs who combine not only material technologies but also sources of capital and man
 agement expertise into cohesive institutions with specific business agendas.

 32. Edwards; Abbate, ch. 4.
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 tal difference between the electrical communication occurring in the tele
 graph or the telephone and the physical process of moving letters through
 the Post Office. Rather than a combination of two virtual communication

 networks and one physical transportation network, the analog internet
 work was a combination of three comparable networks, each having both
 virtual and physical aspects. The very point of the internetwork in this case
 was not that a particular piece of technology would be replicated over
 space, but that a virtual commodity, a single message of information, could
 be rendered in many different physical forms?a phone call, a printed
 telegram, or a mailed letter (not to mention the neural pathways of a mes
 senger boy). No matter how that message traveled, it moved through phys
 ical offices, streets, machines, hands, and brains. In transporting a message
 to its final destination, then, all three networks shared a common protocol,
 inherited instead of innovated: the protocol of the physical street address.
 Each network depended so heavily on this information that it kept its own
 address list, trading with the others whenever incomplete or incorrect
 addresses were uncovered (often required by law to do so).33

 Moving information back and forth between such realms?from the
 virtual to the physical, the verbal to the written, the personal to the
 mechanical?requires more than just technological protocols, especially
 when technological capabilities, message types, and even the very norms of
 communication are themselves constantly changing. Vast numbers of indi
 vidual workers, situated within simultaneously competing and cooperating
 institutions, are crucial to both the daily maintenance and the gradual evo
 lution of technological internetworks. Social theorists have been predicting
 that information technology would radically transform work ever since
 Daniel Bell theorized a postindustrial society in the early 1970s.34 But spec
 ifying and understanding these changes requires an appeal to ethnographic
 studies of labor within networked institutions?labor which is, much like

 the technology surrounding it, hidden somewhere behind the virtual space
 inhabited by users of the information internetwork.35

 33. The competitive advantage of each network was tied to its spatial and temporal
 relationship to this physical street address: a telephone might exist at the address, ready
 for use twenty-four hours a day, a letter carrier might visit the address once a day at a set
 time, and a telegraph messenger could visit the address twenty-four hours a day, with the
 added bonus of tracking down the addressee if he or she wasn't at the expected location.
 Interestingly, street addresses are still important, converging today not only with tele
 phone numbers but with e-mail addresses (for an extra fee of thirty-six dollars a year) in
 the humble printed telephone directory; Joyce Cohen, "New Media Meets an Old

 Medium in the Phone Book," New York Times, 19 October 2000.

 34. Daniel Bell, The Coming of the Post-Industrial Society: A Venture in Social
 Forecasting (New York, 1973).

 35. For an introduction to the sociology and anthropology of work, see Michael
 Burawoy, "The Anthropology of Industrial Work," Annual Review of Anthropology 8
 (1979): 231-66, and Aihwa Ong, "Gender and Labor Politics of Postmodernity," Annual
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 In the history of information internetworks in the United States, medi
 ated by a capitalist political economy, human actors have labored in three
 conceptually separate and unequal roles: as managers of state and corpo
 rate institutions owning parts of the internetwork, as consumers of inter
 network services and commodities (who must themselves labor to under
 stand these new and complex technologies even as they consume
 internetwork services), and as workers paid to help produce and reproduce
 the internetwork on a daily basis.36 Considering the spatial dynamics of
 each of these groups can help clarify how internetworks arise and function.

 Institutional managers, for example, exert a form of distributed control
 in any multi-institution internetwork. Every decision an institution makes
 concerning its own operations can have a direct effect on how that institu
 tion creates, uses, and manages its own spatial and temporal networks?
 that is, on how it produces space in the internetwork.37 Attention to this
 kind of distributed institutional control is key to understanding how the
 ARPA Internet (ARPANET, PRNET, and SATNET) became a true internet
 work. In the 1980s, ARPA pushed its "transmission control protocol/inter
 net protocol" (TCP/IP) as an international networking standard, with lim
 ited success. But at the same time, ARPA continually modified TCP/IP to
 allow interconnection to a wider array of networks, each managed by dif
 ferent institutions promoting their own protocols as standards. Through
 this process, TCP/IP eventually did become the de facto Internet standard.38

 Review of Anthropology 20 (1991): 279-309. Key to the best work in this field is the recog
 nition that the idea of "work" itself is socially constructed, not a problem-free universal
 economic category; work produces values and social relations, not just commodities. See
 Sandra Wallman, ed., Social Anthropology of Work (London, 1979). Note that this genre
 of the ethnography of work is quite distinct from the ethnography of laboratory practice
 in recent science and technology studies (STS) literature, though there are important
 connections to be made between them. On the STS ethnographies, see David J. Hess,
 "The New Ethnography and the Anthropology of Science and Technology," in Knowledge
 and Society: The Anthropology of Science and Technology, ed. David J. Hess and Linda L.
 Layne (Greenwich, Conn., 1992), 1-28; Gary Lee Downey and Joseph Dumit, eds., Cy
 borgs and Citadels: Anthropological Interventions in Emerging Sciences and Technologies
 (Seattle, 1997).

 36. This is a Marxian framework, modified by the recognition that individual per
 sons may in practice play more than one role simultaneously. Note as well that there is a
 sort of American exceptionalism here, since most other industrialized countries nation
 alized their telegraph and telephone networks together with their postal networks
 (England as early as 1868). See Jeffrey Kieve, The Electric Telegraph: A Social and
 Economic History (London, 1973).

 37. Erica Schoenberger has argued that the strategic challenges of firms can be
 defined in terms of time and space since "the compulsion to eradicate spatial barriers to
 the free circulation of capital unavoidably produces spatial fixity and new spatial barri
 ers which immobilize and/or channel capital geographically for considerable periods";
 The Cultural Crisis of the Firm (Cambridge, Mass., 1997), 21-22.

 38. For example, ARPA revised the IP address system to allow for more hosts, and
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 From the point of view of institutions managing non-ARPA networks, the
 beneficial network effects of connecting to the ARPA Internet soon out
 weighed any benefits of pursuing their own proprietary protocols. Inter
 actions among institutions, rather than government initiatives alone,
 enabled the connection of the ARPA network to enough other networks to
 transform them all into today's internetwork.

 Similar institutional control issues molded the earlier analog internet
 work. Even though the telegraph, telephone, and Post Office were each con
 trolled by different institutions in the United States, at key moments the
 telegraph ventured into the telephone arena (in the late 1870s patent war
 over Bell's invention), the telephone controlled the telegraph (AT&T's stock
 purchase of Western Union in the 1910s), and the Post Office controlled
 both the telegraph and the telephone (during World War I). Each of these
 episodes had consequences for the development of the internetwork,
 spawning either new market-sharing agreements, new hybrid technologies,
 or new labor practices. And all three of these network institutions relied on
 each other for their day-to-day functioning under regular operating cir
 cumstances as well, whether coordinating personnel movements by phone
 or handling billing through the mail. Cooperation took place simultane
 ously with competition.

 What about internetwork consumers in this competitive/cooperative
 environment?39 End users of the ARPANET influenced the evolution of

 today's Internet, especially through their enthusiasm for e-mail.40 Geography
 can help in the analysis of the time and space characteristics of such "emer
 gent commodities." For example, formerly discrete media types blur together
 on today's Web. Publishing and broadcasting networks are forging intimate
 connections with computer and communications networks, as the unprece
 dented attempted buyout of Time Warner by America Online in early 2000
 illustrated so well.41 Radio shows, video advertisements, text references, and

 photographic images all coexist on the Internet, whether users see them as
 being broadcast to individuals or transported between computers.

 The analog internetwork also generated emergent commodities. The
 singing telegram began as a commodity delivered through the telegraph
 network without even using that network itself: first, a female telephone
 operator employed by the telegraph network would sing the message over

 they altered the function of their gateway machines from simply routing packets between
 networks to doing more translation of different protocols between networks. Abbate (n.
 9 above), ch. 5.

 39. Ruth Schwartz Cowan has urged historians using the technological systems
 approach to consider consumers at what she called the "consumption junction"; "The
 Consumption Junction: A Proposal for Research Strategies in the Sociology of
 Technology" in Bijker, Hughes, and Pinch (n. 13 above).

 40. Abbate, ch. 3.
 41. "The Net Gets Real," Economist, 15 January 2000.
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 the phone to the recipient, then a print version of the message would be
 sent through the Post Office. But eventually singing telegrams became so
 popular that the telegraph network's own delivery force, the messenger
 boys, were told to deliver the festive messages in person. Thus a new com
 modity emerged through the cooperation of all three networks.42

 As this example shows, fundamental both to the managers who forge
 internetwork relationships and to the consumers who purchase emergent
 internetwork commodities are the laborers who not only produce those
 internetworks in the first place but also reproduce them on a daily basis.

 Under the technological systems paradigm, only one aspect of this labor is
 visible: the initial construction of shared protocols by a few protocol
 builders.43 But a more complete study of internetworks must incorporate
 an understanding of protocol building that also involves creating and man
 aging new categories of what might be called "protocol labor."

 Protocols are neither simple to create nor eternal once created. Especi
 ally in an internetwork, where decisions are being made simultaneously by
 the managers of many different competing and cooperating institutions,
 one protocol is never enough; new protocols are continually being devel
 oped, old protocols are periodically revised, and all protocols are carefully
 layered in an ongoing process. When individual system managers did not

 want to spare their own personnel to support the construction of the
 ARPANET in 1969, the network protocols were modified almost immedi
 ately, split into two separate layers that allowed for a programming division
 of labor. Local protocol builders still had much to do, as Janet Abbate has
 observed: "Operators of a host system had to build a special-purpose hard
 ware interface between their computer and its IMP, which could take from
 6 to 12 months. They also needed to implement the host and network pro
 tocols, a job that required up to 12 man-months of programming, and they
 had to make these protocols work with the rest of the computer's operating
 system." Nevertheless, this split allowed most of the network programming
 to be subcontracted to an outside firm.44

 42. For conflicting stories on the origin of the singing telegram (from two former
 Western Union employees), see Mike J. Rivise, Inside Western Union (New York, 1950),
 and George P. Oslin, One Mans Century: From the Deep South to the Top of the Big Apple
 (Macon, Ga., 1998). Note that the private teletype system crossed internetwork institu
 tions in a similar way, pioneered by Western Union as the ultimate replacement for tele
 graph operators and messenger boys but proven in the marketplace by AT&T, which sent
 multiplexed telegraphic information over its telephone lines.

 43. These innovators are important but, just as with Hughes's system builders, they
 are usually the same inventor-entrepreneurs of Alfred Chandler's "visible hand" of insti
 tutional management. David A. Hounshell, "Hughesian History of Technology and
 Chandlerian Business History: Parallels, Departures, and Critics," History and Technology
 12 (1995): 205-24; Alfred D. Chandler Jr., The Visible Hand: The Managerial Revolution
 in American Business (Cambridge, Mass., 1977).

 44. Abbate (n. 9 above), ch. 2.
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 This was only the first change to the slew of protocols that the Internet
 would eventually inherit. Such creative destruction of shared protocols
 reflects a basic tension in any network: as ARPA's Lawrence Roberts noted
 as early as 1966, the network must "overcome the problems of computer
 incompatibility without enforcing standardization."45 In today's Internet,
 just as in yesterday's ARPANET, a certain degree of computer heterogene
 ity has its advantages (even though it makes maintaining the internetwork

 more difficult), as different sites can arrange different hardware and soft
 ware combinations that best fit their local needs. Through this self-interest,
 a diverse array of resources is made available to all internetwork users?a
 valuable network effect. But to be available on the internetwork, compati
 bility compromises must be made. Because protocols are constantly shift
 ing as new institutions attempt to enter the internetwork, labor is crucial
 not just in setting up internetworks but in operating them as well.46

 This kind of ongoing, flexible labor is hard to see. Indeed, the very
 advantage of constructing an information network can be that the corn
 modification of the virtual serves to mystify the material, an example of
 what Karl Marx originally termed "the fetishism of commodities."47 The
 Web works even though users need have no idea how (or where) it works?
 whether over telephone lines, coaxial cables, or cell phone relays, whether
 in North America or Southeast Asia, and whether on an expensive IBM
 owned server array or a teenager's secondhand personal computer.

 The same was true for the telegraph, a single network from the user's
 point of view but part of an internetwork behind the scenes. Yet instead of
 being an "invisible" infrastructure, as some have argued, the telegraph, like
 the rest of its internetwork, was made visible through the people who

 worked on it.48 Every user of the telegraph interacted with particular

 45. Abbate, p. 66. The phrase "creative destruction" comes from Joseph Schumpeter,
 Capitalism, Socialism, Democracy (New York, 1947).

 46. Larry Hirschhorn made a similar point about labor in postindustrial, cybernet
 ically automated, continuous-process industries, arguing that as the complexity of the
 production process increased, so did the risks of downtime and failure due to unforeseen
 conditions?risks that no amount of preventative programming could eliminate. He
 advocated organizing firms into "learning organizations" that would educate, rather
 than de-skill, laborers. See Larry Hirschhorn, Beyond Mechanization: Work and
 Technology in a Postindustrial Age (Cambridge, Mass., 1984); also Shoshanna Zuboff, In
 the Age of the Smart Machine: The Future of Work and Power (New York, 1988).

 47. Karl Marx, Capital: A Critique of Political Economy, vol. 1, trans. Ben Fowkes
 (New York, 1990). As David Harvey noted, "[T]hrough the experience of everything
 from food, to culinary habits, music, television, entertainment, and cinema, it is now
 possible to experience the world's geography vicariously, as a simulacrum. The inter
 weaving of simulacra in daily life brings together different worlds (of commodities) in
 the same space and time. But it does so in such a way as to conceal almost perfectly any
 trace of origin, of the labour processes that produced them, or of the social relations
 implicated in their production"; Condition of Postmodernity (n. 26 above), 300.

 48. Ken Hillis, for example, argued that "[t]he activity performed by the telegraph?
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 humans, such as clerks or messengers, in particular material spaces?tele
 graph offices, telephone booths, or hotel desks. And the telegraph compa
 nies knew this, concentrating resources on making offices appealing places
 to enter and on making messengers into crisply uniformed, walking
 embodiments of their invisible service.49

 Because of both the special nature of this internetwork protocol labor
 and the importance of where it occurs, I conceptualize such labor as
 "boundary work." No matter what automated protocols are in place at any
 given moment, they will be imperfect and incomplete; disparate informa
 tion networks can only work together through the efforts of specific work
 ers who maintain the links, transform the content, and police the bound
 aries between those networks. The telephone, telegraph, and Post Office
 networks were interconnected only through the constant labor of workers
 who used all three in their daily tasks?telephone operators accepting
 phoned-in telegrams for the telegraph company, Post Office letter carriers
 delivering duplicate telegrams through the mail, or telegraph messengers
 running urgent letters to and from the Post Office. Internetwork studies

 must consider how individual occupations become involved in smoothing
 the transition from one network to another, and how changes in those
 occupations help define the spaces of the networks themselves?especially
 those spaces where the networks present themselves to their users.

 The history of the telegraph messengers provides a striking example of
 this boundary work. Messengers were among the first switchboard operators
 in the initial competition between telegraph and telephone exchanges, mes
 senger turnover was a key reason Western Union partnered with AT&T to
 collect and deliver telegrams by phone instead of in person, and poor mes
 senger conditions and wages were among the reasons always cited in favor
 of Post Office control of the telegraphs. But more than this, messengers
 enabled the internetworking function of multimodal message delivery, deal
 ing with all the problems that thwarted that delivery?incorrect addresses,
 lack of a telephone, recipient at work when expected at home?whether
 they themselves were paid by the local telegraph, telephone, or Post Office
 branch. The messengers worked in a service role literally outside the office
 bound technological production and transmission of information, at the
 boundaries between all three networks, in full view of the consumer.50

 the transmission of information separated from an embodied messenger?though
 apparent to all users, was and remains invisible"; "On the Margins: The Invisibility of
 Communications in Geography," Progress in Human Geography 22 (1998): 543-66,
 emphasis in original.

 49. Similarly, letter carriers wore military-style uniforms themselves, and telephone
 operators, or "hello girls," were trained in proper patterns of middle-class pronunciation.

 50. With an eye to the spaces between networks, we can see how other groups of
 workers served boundary functions as well. Female telephone operators in the telegraph
 network worked with two supposedly competing technologies every day. Male linework
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 To properly understand either the analog or the digital internetwork
 requires not just finding such spaces of labor, but entering those spaces to
 recover the work that occurs there?including who performs it and how it
 has changed over time. In the days of the telegraph, boundary tasks of
 maintenance, translation, and error correction fell to the lowest-status
 employees in the internetworked institutions: telephone operators and
 telegraph messengers. But today almost all Internet workers need some sort
 of technical training in order to do their jobs, training that would mark
 them as at least semiskilled. Has the complexity of boundary work in
 creased along with the complexity of the material technology, or is this a
 warning that the turn-of-the-century tasks of telephoning and bicycling
 were not as unskilled as was once thought?

 To answer such a question requires more than just a passing reference
 to labor history.51 Instead, it requires careful study of the labor process
 itself, both what boundary workers do and where they do it, because these
 workers are, dialectically, both technologies themselves and molders of
 technology. This is not to say that boundary workers in these networks are
 equivalent to mass-produced components, on one hand, or that they have
 the power of entrepreneurial system builders on the other. But only by real
 izing how such workers simultaneously are constructed and exert agency?
 and within what limits?can analysts capture the complexity of the value
 they add in the spaces between interconnecting information networks.52 Of
 course, many social and labor historians have viewed workers as important
 actors when writing about individual information networks, and have
 often incorporated a spatial awareness as well.53 But too many studies of the

 ers stringing telephone wires may not have realized what a large number of those wires
 were actually leased out to carry telegraph traffic. And even the same inventors and busi
 nessmen who built the networks in the first place rarely confined their efforts, their
 vision, or their stock portfolios to one network technology exclusively.

 51. Though, as Philip Scranton argued over a decade ago, coherently drawing
 together labor history and the history of technology is in itself a worthy goal; "None
 Too-Porous Boundaries: Labor History and the History of Technology," Technology and
 Culture 29 (1988): 722-43.

 52. A good example is Kevin Borg's recent article exploring the history of automo
 tive service work using Anthony Giddens's "structuration theory," arguing that "chauf
 feurs used new automotive technology to enhance their social power," if only for a short
 period; "The 'Chauffeur Problem' in the Early Auto Era: Structuration Theory and the
 Users of Technology," Technology and Culture 40 (October 1999): 797-832. For a discus
 sion of the structure/agency issue within the sociology of work, see Randy Hodson, "The

 Worker as Active Subject: Enlivening the 'New Sociology of Work,'" in The New Modern
 Times: Factors Reshaping the World of Work, ed. David B. Bills (Albany, N.Y., 1995),
 253-80.

 53. For example, Edwin Gabler showed how the very mobility of post-Civil War
 telegraph operators in the United States militated against their waging a successful strike
 against Western Union; The American Telegrapher: A Social History, 1860-1900 (New
 Brunswick, N.J., 1988).
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 Internet fail to include most workers in the mix at all, focusing only on a
 few millionaires.54

 Here the ethnography of work can help. This approach, whether rooted
 theoretically in anthropology, sociology, or geography, was closely related
 to labor history and Marxian political-economic analysis in its early years,

 with participant-observation studies focused on exploring the question of
 whether technology degraded worker skills and workplace experiences.55
 Much of this work was a reaction against the field of industrial sociology,
 then caught in the dualism that workers must either be "somehow irra
 tional in their responses to work" or "lean toward economic rationality."56
 Today, with the restructuring of the global economy, the ethnography of
 work has shifted away from the old masculine factory floor to focus on new
 kinds of work performed by new groups of workers in new spaces.57
 Braverman himself called for more study of services, that "ghostly form" of
 production: "Here the productive processes of society disappear into a
 stream of paper?a stream of paper, moreover, which is processed in a con
 tinuous flow like that of a cannery, the meatpacking line, the car assembly
 conveyor, by workers organized in much the same way."58 Today such
 streams of paper are more likely to be backed by streams of electronic bits,
 enabling them to reach new places and new workers, as in the case of the
 low-wage, part-time, computer-mediated homework so often designed for

 women rearing children, a ghostly form of production finally coming
 under study itself.59

 With many of today's newest service jobs dependent on internetworked
 information technology, new ethnographic studies of technical work have

 54. Such as Robert X. Cringely, Accidental Empires: How the Boys of Silicon Valley
 Make Their Millions, Battle Foreign Competition, and Still Cant Get a Date (New York,
 1996); Randall E. Stross, Eboys: The First Inside Account of Venture Capitalists at Work
 (New York, 2000); Michael Lewis, The New New Thing: A Silicon Valley Story (New York,
 2000).

 55. Harry Braverman, Labor and Monopoly Capital: The Degradation of Work in the
 Twentieth Century (New York, 1974).

 56. Michael Burawoy, Manufacturing Consent: Changes in the Labor Process under
 Monopoly Capitalism (Chicago, 1979).

 57. For example, Maria Patricia Fernandez-Kelly has explored the conditions of
 work and home life for women in the textile and electronics maquiladoras along the
 U.S.-Mexico border, and Robin Leidner has brilliantly compared the gendering of work
 in two types of service jobs. See Maria Patricia Fernandez-Kelly, For We Are Sold, I and

 My People: Women and Industry in Mexico's Frontier (Albany, 1983); Robin Leidner,
 "Selling Hamburgers and Selling Insurance: Gender, Work and Identity in Interactive
 Service Jobs," Gender and Society 5 (1991): 154-77.

 58. Braverman, 301.

 59. Eileen Boris and Cynthia R. Daniels, eds., Homework: Historical and Contempor
 ary Perspectives on Paid Labor at Home (Urbana, 111., 1989); Eileen Boris, Home to Work:

 Motherhood and the Politics of Industrial Homework in the United States (Cambridge,
 1994); Eileen Boris and Elisabeth Priigl, eds., Homeworkers in Global Perspective: Invisible

 No More (New York, 1996).
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 begun to emerge. Stephen Barley and Julian Orr have argued that this kind
 of labor has four main characteristics: (1) complex technology is central to
 the work; (2) contextual knowledge and skill are both necessary; (3) theo
 retical and abstract knowledge are also necessary; and (4) a "community of
 practice" exists, serving as a repository for all this knowledge and skill.60 But
 such definitions are hard to pin down to actual occupations, which carry a
 wide range of social meanings in addition to their functional requirements.
 Most people today would probably consider the job of computer program
 mer to be a professional position instead of a technical one; however, recent
 data from Current Population Survey categorizes computer programmers as
 "technicians."61

 Historical awareness is needed here. As Jennifer Light has demon
 strated, "the job of programmer, perceived in recent years as masculine
 work, originated as feminized clerical labor." Light retold the story of auto
 mated ballistics computation during World War II, pointing out that
 "Nearly two hundred young women, both civilian and military, worked on
 the project as human 'computers,' performing ballistics computations dur
 ing the war. Six of them were selected to program a machine that, ironically,
 would take their name and replace them, a machine whose technical
 expertise would become vastly more celebrated than their own." Though
 she didn't cite the literature on technical work, Light's story fit into that
 framework: "Ballistics computation and programming lay at the intersec
 tion of scientific and clerical labor. Each required advanced mathematical
 training, yet each was categorized as clerical work."62

 These attempts at defining technical work echo my notion of boundary
 work. Barley and Orr described technical work metaphorically as sitting
 between different realms in four ways: (1) "at the intersection of craft and
 science," invoking both theoretical and practical knowledge; (2) where
 "mental and manual skills coexist inseparably," combining aspects of work
 commonly constructed as "white collar" and "blue collar"; (3) "culturally sit
 uated between technology and ... a society not quite ready to leave behind
 the categories of industrialism, its distribution of power, and its presumed
 distribution of knowledge"; and (4) "between technology and society in a
 structural sense" because "they link us to technologies that are nearly trans
 parent when they work and troublesomely opaque when they do not."63 In

 60. Stephen R. Barley and Julian E. Orr, eds., Between Craft and Science: Technical
 Work in US. Settings (Ithaca, N.Y., 1997), 12.

 61. Jeffrey Keefe and Denise Potosky, "Technical Dissonance: Conflicting Portraits of
 Technicians," in Barley and Orr, 53-81. (This may simply be my own bias as well, since
 I was trained in a university computer science department and worked as a computer
 programmer for about eight years.)

 62. Jennifer S. Light, "When Computers Were Women," Technology and Culture 40
 (1999): 455-83.

 63. Barley and Orr, 12-14.
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 a subsequent article, Barley and Peter Whalley argued that technical workers
 negotiated a boundary between the virtual and the physical: "[U]nlike the
 popular image of a knowledge worker whose work is entirely symbolic, tech
 nicians also remain intimately involved with the material world. Technicians
 work routinely with machines, human bodies, and a host of other physical
 systems." Thus technicians work at the "empirical interface" between the

 material world and machine-generated representations of that world.64
 Jeffrey Keefe and Denise Potosky, drawing from the example of "invisible"
 laboratory technicians, as described by Steven Shapin, speculated that this
 kind of boundary work meant technicians would become visible within the
 organization "only when they made mistakes, departed from their assigned
 routines, or demonstrated incompetence."65

 Such studies can also reveal the wider implications of space in such
 labor. In his research on photocopier technicians, Orr showed that Xerox,
 "the document company," straddled a fine line between the dream of the
 virtual paperless office and the reality of selling profoundly physical prod
 ucts that encouraged the increasing consumption of paper. A fundamental
 element of that paper consumption system was the regular maintenance
 performed by firmly place-bound repair workers, limited not only by the
 distance they could drive in a single day but by the physical space available
 in the trunks of their cars for supplies and spare parts.66 Such spatial
 insights take on even more importance when one examines Xerox's current
 fortunes, since its single biggest nongovernment customer is itself a decen
 tralized reseller of "flexible officing" solutions: Kinko's copy centers.67

 Are there similar studies to be made of the labor that keeps the
 Internet's "spaces of flows" flowing? Thankfully, there is no messenger-boy
 job category within the Internet (though urban bicycle courier services
 increasingly cater to e-businesses).68 But there are plenty of other new
 jobs?from network system operators to "help desk" technicians?that are
 just as essential, and often similarly underappreciated.69 A historical study

 64. Peter Whalley and Stephen R. Barley, "Technical Work in the Division of Labor:
 Stalking the Wily Anomaly," in Barley and Orr, 23-52.

 65. Keefe and Potosky; Steven Shapin, "The Invisible Technician," American Scientist
 7 (1989): 554-63.

 66. Julian E. Orr, Talking about Machines: An Ethnography of a Modern Job (Ithaca,
 N.Y., 1996).

 67. Claudia H. Deutsch, "Xerox, Fading Copier King, Hasn't Used Its Innovations
 Well," New York Times, 19 October 2000.

 68. Glenn Collins, "Selling Online, Delivering on Bikes: Low-Tech Couriers Thriv
 ing," New York Times, 24 December 1999.

 69. See, for example, Dennis Hayes, Behind the Silicon Curtain: The Seductions of
 Work in a Lonely Era (Boston, 1989); Barbara Garson, The Electronic Sweatshop: How
 Computers Are Transforming the Office of the Future into the Factory of the Past (New
 York, 1989); and especially the on-line newsletter CPU: Working in the Computer
 Industry (http://www.gocatgo.com/cpu/cpu.html). Interesting (though overly sensation
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 of either of these groups would shed new light on the production and
 reproduction of the Internet.70

 Take help desk workers first. Using the historical example of the
 WordPerfect Corporation, one Silicon Valley columnist estimated that
 "when the founders of a five-person software start-up dream about selling
 100,000 copies of their new application, they are also dreaming about
 (though usually they don't know it) spending at least 8.3 man-years on the
 telephone answering the same questions over and over and over again."71
 Yet even though some of today's estimated two hundred and fifty thousand
 to three hundred thousand help desk workers earn between twenty-five
 thousand and fifty thousand dollars per year, others are low-paid, subcon
 tracted, contingent workers.72 They must work long shifts when consumers
 are likely to be using their company's software or hardware, whether dur
 ing the business day or deep into the night.73 And though their jobs are
 often advertised as "foot in the door" positions with up-and-coming tech
 nology companies (like those of the telegraph messengers before them),
 such jobs are meant to be unskilled ones, with carefully programmed
 expert-system decision trees anticipating every possible caller anxiety, ide
 ally providing the appropriate answer (and phrasing) to help-line person
 nel at the appropriate moment.

 But as technologies are combined, new situations arise. Help desk
 workers employed by an operating systems company may find themselves

 alist and often dubious) firsthand anecdotal accounts of various forms of hidden infor
 mation-technology work can be found in Chris Carlsson, ed., Bad Attitude: The
 Processed World Anthology (New York, 1990); Jeff Kelly, Best of Temp Slave! (Madison,
 Wise, 1997); and Bill Lessard and Steve Baldwin, Netslaves: True Tales of Working the
 Web (New York, 2000).

 70. Research on these two job categories is sparse (and that is one of the reasons I
 consider them here). Many of my observations in this section come from my own uni
 versity training and personal work experience in the computer industry through the
 mid-1990s.

 71. Cringely (n. 54 above), 241-42. Note that this is the only time such workers are
 mentioned in his popular account of the birth of the microcomputer industry.

 72. Joel Kotkin, "Unions See a Fertile Field at Lower End of High Tech," New York
 Times, 26 September 1999; David Leonhardt, "Computer Technicians Learn They Are
 Indispensable Parts," New York Times, 5 January 2000. Even a salary of twenty-five thou
 sand dollars per year might be difficult to live on in some of the hyperinflated residen
 tial housing markets surrounding high-tech corridors; see Evelyn Nieves, "Homeless on
 $50,000 a Year in Luxuriant Silicon Valley," New York Times, 20 February 2000. On con
 tingent work, see Kathleen Barker and Kathleen Christensen, eds., Contingent Work:

 American Employment Relations in Transition (Ithaca, N.Y., 1998).
 73. The temporal variability and urgency of help-line requests has even spawned a

 sort of on-line auction for technical assistance: "Once a user types in a question,
 Expertcity gives its online experts two minutes to respond. Almost immediately, some
 one . . . responded and said he could solve my problem in a session that he estimated
 would take no more than 20 minutes and cost me $20." Michel Marriott, "Fast PC Help
 for a Fee," New York Times, 2 November 2000.
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 fielding questions concerning computer hardware, applications software,
 peripherals such as printers or monitors, and even telecommunications
 glitches. From the point of view of the consumer these are not discrete sys
 tems with individual license agreements and individual service proce
 dures?they are simply "the computer" or even "the Internet," and a prob
 lem with one is a problem with all. Help desk workers must somehow
 negotiate these boundaries, either by analyzing such problems themselves
 or by forwarding callers to appropriate experts. And through it all, like the
 telegraph messengers, they must maintain their polite composure, appear
 ing before the consumer as the public faces (or voices) of the employer.

 A historical study of help desk workers would also offer an opportunity
 to explore the relationship between physical location and virtual location in
 boundary work. Support workers are simultaneously hidden and revealed,
 often physically located in a remote site?perhaps one with lower office
 rents, or closer to particular labor markets (even overseas)?yet virtually
 the first point of contact between company and consumer. Support work
 ers are housed together in carefully crafted work environments, surround
 ed by sophisticated technology, and expected to work at a rapid pace to
 process calls, in an industrial factory-floor environment, yet they remain
 service workers. And the entire purpose of employing legions of support

 workers, immediately accessible to customers either by phone or by e-mail,
 is to use a sort of virtual transport to substitute for expensive on-site serv
 ice calls. Brian Pentland even used spatial metaphors to describe the "hot
 line" workers he studied firsthand: "[S]upport people occupy the boundary
 between the known and the unknown, between software that works and
 software that does not."74

 As another example of a contemporary boundary work study, consider
 the computer network system operator (or "sysop"). Here is an occupation
 that emerged with the networking of computers and has evolved in skills
 and responsibility with every change in the scale and scope of those net
 works. But the forging of new links between information networks on the
 Internet fundamentally changed the sysop's daily routine. Questions of
 data security arose when financial networks and home PCs became con
 nected through phone lines; questions of limited bandwidth followed from
 the advertising demands of audio and video content, drawn from the
 broadcast radio and television networks; and even problems of indexing

 74. Brian T. Pentland, "Bleeding Edge Epistemology: Practical Problem Solving in
 Software Support Help Lines," in Barley and Orr (n. 60 above), 113-28. See also Brian T.
 Pentland, "Organizing Moves in Software Support Hot Lines," Administrative Science
 Quarterly 37 (1992): 527-48, in which Pentland analyzes the "moves" that support work
 ers used to either ask for help on a call from another member in the organization or
 transfer responsibility for the call to another member. Pentland effectively illustrates the
 "ritual structure" of asking for and giving help, and how this depends on and further
 affects one's perceived status within the organization.
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 data fell to sysops, as their former user populations suddenly became pro
 ducers of decentralized information on the Web.

 Certainly, many of these functions were taken out of the realm of the
 sysop's power as the Internet grew?but this is only apparent through his
 torical study of the sysop. Then again, through all these changes the sysop's
 job has remained fundamentally the same: to smooth the connections
 between disparate networks, to enable the transfer of disparate data, and to
 act as a gatekeeper for more and more users who suddenly want to (or don't
 want to) interact. How do sysops negotiate the boundaries of taste and
 community standards that stand between free access to information and
 censorship? And how is the persona of the sysop bound up with the value
 of the very service that a given computer network is selling?reliable, dis
 creet, and/or carefully moderated communications? The sysop represents
 the spatial grounding of the virtual Internet: wiring boards and web servers
 have to be stored somewhere, as do the people who are paid to understand,
 connect, and maintain them. But how does the sysop move from being just
 another component in the computer network to being an active participant
 in, and molder of, that network?

 Stacia Zabusky's ethnographic study of university microcomputer tech
 nicians suggested some answers to these questions. Zabusky argued that in
 order to do their job effectively these "brokers" had to be part of two dif
 ferent work communities simultaneously: their employing organization on
 the one hand, and the "developers of the technology in a wider and more
 diffuse technical community" on the other. The technicians acted as "lin
 guistic interpreters of a sort." Problems could arise in this relationship,
 however, because the technicians' "critical position is not matched ... with
 high status in the organization." Zabusky concluded that the technicians
 were "in an ambivalent space at the crossroads of vertical and horizontal
 divisions of labor," simultaneously "regarded as servants because their work
 was considered mundane and routine," and "regarded as specialists . . .
 because their knowledge was integral to a work system which depended on
 the distribution and coordination of expertise." This contradiction was well
 expressed in the title often given to such workers: "support specialist."75

 Analysts can only notice such contradictions once they begin looking
 for them. William Mitchell admitted in his City of Bits that "I have never
 laid eyes on the machine that gives me access to the network. I suppose it is
 in some back room at MIT. There is no reason for me to seek it out." But at

 the same time he expressed awe at the power of the sysop: "Whoever runs
 a machine that serves as a network node can grant or deny user access to
 that node and can switch on or black out whatever subnetwork that node

 runs. Sysops can control the inflow of bits into a machine, decide which bits

 75. Stacia E. Zabusky, "Computers, Clients, and Expertise: Negotiating Technical
 Identities in a Nontechnical World," in Barley and Orr, 129-53.
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 get stored there and which do not, determine which bits can be processed
 and in what ways, and control the outflow."76 This is why it is important to
 investigate the relationship between the spaces of flows, where high-status
 information laborers work to increase production and profits, and the
 "places of flows," where lower-status information laborers work to keep the
 higher-level spaces on-line.

 Historical studies that draw on both ethnography and geography show
 that the spaces of internetworked technology are inhabited by particular
 workers in particular ways. Different spaces within internetworks reflect
 not only different work roles but also different class, age, and gender
 roles?in essence, different levels of social power.77 One hundred years ago,
 telephone operators were constructed as young women and telegraph mes
 sengers were constructed as even younger boys. Today such segregated divi
 sions of labor might be rarer or harder to justify; nevertheless, remote data
 entry "telework" is pitched to stay-at-home mothers while downtown
 data-design programming remains demographically male by a wide mar
 gin.78 Distinctions of gender, age, and mobility demand the inclusion of
 labor markets in the analysis?labor markets that are also grounded in
 space, where potential workers may have specific characteristics tied to a

 myriad of locational differences.79 To the degree that people are the ones
 creating and populating the virtual spaces of information networks, the
 physical location of those networks depends in turn on where those people
 live and how easily they can get to their network-maintaining jobs.80 Thus

 where a network is grounded?whether in a suburban office park, an
 inner-city "smart building," or a free trade zone "teleport" overseas?may
 have everything to do with who is there on the ground to operate it.81

 76. William J. Mitchell, City of Bits: Space, Place, and the Infobahn (Cambridge,
 Mass., 1995), 9, 149.

 77. One of the best examples of this is a historical analysis not of a communications
 network, but of a distribution network. Susan Porter Benson has shown how the job cat
 egory of the department store salesgirl was constructed to fill the border space between
 the affluent customer and the behind-the-scenes buyer. But being in this space meant
 mediating between the gender and class expectations of both groups. See Counter
 Cultures: Saleswomen, Managers, and Customers in American Department Stores, 1890
 1940 (Urbana, 111., 1986).

 78. See, for example, Heidi I. Hartmann, Robert E. Kraut, and Louise A. Tilly, eds.,
 Computer Chips and Paper Clips: Technology and Women's Employment, 2 vols. (Washing
 ton D.C., 1986-87). Even computer-simulated human interactions on the Internet?
 such as a robotic voice reading a text article?are currently constructed with gender
 stereotypes firmly in mind. See Anne Eisenberg, "Mars and Venus, On the Net: Gender
 Stereotypes Prevail," New York Times, 12 October 2000.

 79. See, for example, Susan Hanson and Geraldine Pratt, Gender, Work, and Space
 (London, 1995).

 80. As David Harvey has wryly observed, "Unlike other commodities, labor power
 has to go home every night," The Urban Experience (Baltimore, 1989), 19.

 81. We could even take this one step further: information networks themselves may
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 Both because of the space- and time-transcending goals that differenti
 ate all networks from generic technological systems and because of the fact
 that, unlike technological systems, internetworks are less designed as arti
 facts and more produced through ongoing labor processes, the technolog
 ical systems methodology is insufficient to study internetworks. Using geo
 graphical theories and ethnographic methods is essential to understanding
 how the disparate networks of an internetwork compete and cooperate
 with each other. Individual information networks are both grounded in
 material spaces and produce new virtual spaces themselves, so when study
 ing the interactions between such networks researchers must pay careful
 attention to the spaces between those networks, the borderlands where they
 connect, and the work that is performed there. Only by tracing changes in
 the functions that internetwork boundary workers serve can one fully
 understand the historical changes in technologies, institutions, and com
 modities that are taking place to create and perpetuate such internetworks
 in the first place.

 I have argued that using such methods in the historical study of the
 turn-of-the-century telegraph, telephone, and Post Office networks sug
 gests that together those three networks operated as an internetwork as
 well, functionally similar to but technologically distinct from the Internet.
 Whether this argument is convincing or not, the point of carrying it
 through this essay has been to show how reconceptualizing old technolog
 ical phenomena in a new way can lead to new insights.82 There are certainly
 good reasons to argue that my analog internetwork is nothing of the sort;
 on the other hand, there are also good reasons to push the definition of
 today's digital internetwork farther from the bounds of electronic commu
 nication and into the realm of private package delivery, considering the

 affect the ability of laborers in different or distant markets to access job information
 about production facilities, or even to access those facilities remotely themselves through
 "telework." Thus information networks are grounded in labor markets, but may affect
 those labor markets dialectically, so the spatiality of the problem comes full circle. For
 recent research on such questions of telecommunications and urban space, see Stephen
 Graham and Simon Marvin, Telecommunications and the City: Electronic Spaces, Urban
 Places (London, 1996). For a sample of the range of such studies in the pre-Web years,
 see W H. Dutton, J. Blumler, and K. Kraemer, eds., Wired Cities: Shaping the Future of
 Communications (Boston, 1987); Mark E. Hepworth, Geography of the Information
 Economy (New York, 1990); John Brotchie, Michael Batty, and Peter Hall, eds., Cities of
 the 21st Century: New Technologies and Spatial Systems (London, 1991). For post-Web
 studies, see Peter Droege, ed., Intelligent Environments: Spatial Aspects of the Information
 Revolution (Amsterdam, 1997); John Downey and Jim McGuigan, eds., Technocities
 (London, 1999); Wheeler, Aoyama, and Warf (n. 9 above).

 82. Even today, researchers exploring the diffusion of early-twentieth-century com
 munications technology in late-twentieth-century developing countries realize that tele
 phone and postal services still substitute for each other, so that it makes sense to analyze
 the whole communications sector together. See Robert J. Saunders, Jeremy J. Warford,
 and Bjorn Wellenius, Telecommunications and Economic Development (Baltimore, 1994).
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 dependence of hardware makers, software vendors, and e-commerce retail
 ers on Federal Express and United Parcel Service (not to mention the urban
 bicycle courier services). Either way, in working through those arguments
 scholars can hopefully move closer to a more productive definition of what
 an internetwork is and how it must be studied.83

 As David Nye has put it: "Who is using the Internet? Governments, uni
 versities, international corporations, hackers, criminals, the CIA, and mil
 lions of individuals. The world they create with it will be no better than
 they are."84 But I would like to ask, "Who is operating the Internet?" and
 "Wliere is that operation taking place?" Though these may be geographical
 questions, as geographer David Harvey notes, "[T]he question of space is
 surely too important to be left exclusively to geographers. Social theorists
 of all stripes and persuasions should take it seriously."85 The Internet exists
 in the windowless offices and basements and closets of suburban start-ups
 just as the telegraph system existed in the skyscraper basement ready rooms

 where the messengers sat on their benches, waiting for the next buzz of the
 call box. What these workers do, and where they do it, is fundamental to
 any history we might write.

 83. For my own part, conceptualizing the telegraph as part of an analog internet
 work has allowed me to write a vastly better history of the telegraph messengers than I
 could have otherwise.

 84. Nye (n. 8 above), 1087.
 85. Harvey, The Urban Experience, 5.
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Abstract
By extending the Marxian theory of fetishism from money and commodities to
machines, we may achieve an epistemological shift in our understanding of the
foundations of ‘technological development’. The first part of the article discusses
previous definitions of fetishism in order to distil some central themes that appear to
be particularly significant to the argument on machine fetishism. It is argued that
semiotic theory can be useful in distinguishing different varieties of fetishism. The
core of the Marxian definition is understood to be the mystification of unequal
relations of social exchange through the attribution of autonomous agency or
productivity to certain kinds of material objects. The attribution of productivity to
modern technology is here interpreted as a mystification of the unequal, global
exchange of (labour) time and (natural) space.

Key Words
economic anthropology • fetishism • material culture • semiotics • technology •
unequal exchange

No object, no thing, has being or movement in human society except by the signifi-
cance men can give it.

(Sahlins, 1976: 170)

INT RODUCT ION
My aim with this article is, first, to delineate a more precise definition of the Marxian
concept of fetishism, and, second, to consider whether this concept is applicable to
machine technology. Machines occupy an ambiguous position in Marxist theory, both
as manifestations of capitalist accumulation and as vehicles of proletarian emancipation.
By extending the theory of fetishism from money and commodities to machines, we
may achieve an epistemological shift in our understanding of the foundations of ‘techno-
logical development’ and of the very ontology of mechanical work. I admit at the outset
that my ultimate aim is to show that the most central fetish of industrial capitalism has
in fact escaped Marxist analysis.1

06 Hornborg (dm/d)  1/11/01  8:45 am  Page 473

HORNBORG, Alf. 2001. Symbolic technologies: machines and the marxian notion of fetishism. Anthropological Theory 1(4):473-96.



There has been a lot of ambiguity about the concept of fetishism, to the point where
some have even argued for its ‘abolition’ (Pool, 1990: 126). I believe, however, that it
will remain a useful tool in our struggles to understand the cognitive processes that
produce various cultural perceptions of the relations between persons and things. The
first part of the article discusses previous definitions of fetishism in order to distil some
central themes that appear to be particularly significant to my argument on machine
fetishism. I will primarily be concerned with narrowing down the Marxian definition,
the core of which I understand to be the mystification of unequal relations of social exchange
through the attribution of autonomous agency or productivity to certain kinds of material
objects. In order to relate the more specific, Marxist definition to the wider discussion of
fetishism from which it is rarely distinguished (cf. Apter and Pietz, 1993; Spyer, 1998),
I suggest a taxonomic framework for the various definitions offered. In this framework,
I briefly explore the usefulness of semiotic theory in understanding various versions of
fetishism. I then discuss the role of symbols and semiotic moments2 in technological
systems, drawing on ecological economics and world system theory to demonstrate how
machine technology can be understood as fetishized, social relations of unequal
exchange.

EARLY H IST ORY OF A  CONCEPT: A  BRIEF SKET CH
The history of the concept of fetishism has been reviewed by, among others, Pietz (1985,
1987, 1988, 1993), Ellen (1988), and Pool (1990). Ellen (1988) traces its various uses
through three distinct, analytic traditions: the anthropology of religion, Marxism, and
psychoanalysis. Only the first two will concern us here.3 By transferring the concept from
the study of religion to the critique of political economy, Marx gave it a new and intrigu-
ing dimension that continues to pose a challenge to anthropological theory.

The 15th-century Portuguese used the form feitiço for magical practice and witchcraft
(Pietz, 1985: 5) and extended it to objects venerated among peoples that they encoun-
tered along the western coast of Africa. In 1760, Charles DeBrosses used it for the
worship of material objects such as stone figures, believing that it represented the point
of origin of all religion. In 1830, Auguste Comte similarly viewed fetishism as the first
stage in the development of religious thought, the defining feature of which was the attri-
bution of human mental faculties to non-human objects. This wide and diffuse phenom-
enon was instead labelled ‘animism’ by Tylor, who in 1871 restricted the term fetishism
to beliefs in spirits working through inanimate objects. In 1921, A.C. Haddon similarly
defined fetishism as the worship of ‘an intangible power or spirit incorporated in some
visible form’ (quoted in Ellen, 1988: 215). Ellen observes that the subsequently wide-
spread avoidance of the term among anthropologists may be related to an ‘inner ambiva-
lence’ in the fetish phenomenon itself as to whether it is the objects themselves that have
agency or a (separate) spiritual force that is represented by them.

Marx in 1842 borrowed the concept of fetishism from DeBrosses (Pietz, 1993: 134),
but there are indications that his use of it was also inspired by Hegel (Ellen, 1988: 216,
232, n.2). In the first volume of Capital, published in 1867, the fetishism of com-
modities is defined as

nothing but the definite social relation between men themselves which assumes here,
for them, the fantastic form of a relation between things. In order, therefore, to find
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an analogy we must take flight into the misty realm of religion. There the products
of the human brain appear as autonomous figures endowed with a life of their own,
which enter into relations both with each other and with the human race. So it is in
the world of commodities with the products of men’s hands. (Marx, 1976: 165)

Alienated from their producers, commodities appear as autonomous sources of value
rather than embodiments of the labour of human persons. Similarly, there is a funda-
mental propensity to see money, e.g. in the form of gold and silver, not

as a social relation of production, but in the form of natural objects with peculiar
social properties. And what of modern political economy . . .? Does not its fetishism
become quite palpable when it deals with capital? (Marx, 1976: 176)

Parry and Bloch (1989: 6) write that Marx saw the fetishism of money as ‘the pre-
eminent example’ of the fetishism of commodities. Money capital, however, is endowed
with a special capacity for growth not attributed to commodities. In volume three of
Capital, Marx observes that mainstream economists tend to view it as ‘a property of
money to generate value and yield interest, much as it is an attribute of pear trees to bear
pears’ (Marx, 1967: 392).

The application of the concept of fetishism to the everyday realities of European
economic life was one of Marx’s most remarkable achievements. It completes the peculiar
trajectory of a concept that at one point may have implicated aspects of mainstream
European religion (Pietz, 1987; Ellen, 1988), and was then exported and projected –
condescendingly – onto the superstitions of primitive Africans, finally to be reflected
back onto the presumptively secularized, economic world view of modern Europeans.
In repatriating the notion of fetishism so as to ‘defamiliarize’ everyday European
categories, Marx was the first to apply an anthropologically informed, cultural critique
(cf. Marcus and Fischer, 1986) to western power structures. As Bloch (1989: 172)
observes, what Marx did was to carry out a ‘symbolical analysis of capitalism’. By sug-
gesting that our own, commonsensical rationality could be as obfuscating as the darkest
superstitions of tribal Africa, he managed to convey the unsettling suspicion that we are
all the victims of some gigantic, ideological illusion.

AUT ONOMOUS PRODUCT IV IT Y  AS CORE T HEME
Taussig (1980) completes this process of radical decentring by showing how rural
Colombians, in struggling to control the exploitative and seemingly magical logic of
money, engage in fetishistic practices (such as baptizing money or negotiating with the
devil) that upon closer reflection appear no more fantastic than our own desire to have
our money ‘grow’. In a passage that deserves to be quoted at length, Taussig seems to
capture the essence of the Marxist notion of fetishism:

. . . these apparently self-bounded and potent things are merely the embodiments and
concretizations of relationships that bind them to a larger whole. Their identity, exist-
ence, and natural properties spring from their position in an all-encompassing organic
pattern of organization in which things are understood as but partial expressions of
a self-organizing totality . . .
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. . . if the atomistic view prevails, as it does in our culture, then the isolated thing in
itself must inevitably tend to appear as animated because in reality it is part of an
active process. If we ‘thingify’ parts of a living system, ignore the context of which
they are a part, and then observe that the things move, so to speak, it logically follows
that the things may well be regarded or spoken of as though they were alive with their
own autonomous powers. If regarded as mere things, they will therefore appear as
though they were indeed animate things – fetishes. Capital, for instance, is often com-
pared to a tree that bears fruit; the thing itself is the source of its own increase. Hence,
reification leads to fetishism. (Taussig, 1980: 36)

The illusion of autonomous productivity – ‘the thing itself (as) the source of its own
increase’ – is an important aspect of the Marxist analysis. Within capitalism, writes Bloch
(1989: 171–2),

commodities or money which are inanimate substances, and exchange which is a
non-productive activity, appear to give forth life, as in the Voltairian view of fetishes,
where sticks and stones were worshipped because they were mistakenly believed to
bring forth children, crops, wealth. In this way Marx showed that what had been rep-
resented by economists as merely technical devices were in fact ideological trans-
formers which hid the true source of productivity and attributed productivity to
things and activities which were not productive in themselves.

Against this background, Bloch (1989: 177) is able to conclude that, among the
traditional Merina of Madagascar, the parallel to capital and money is the ancestral
substance represented by the tomb and its content of human remains. Both kinds of
objects, he argues, ‘symbolically appropriate the creativity of people and labour and
attribute it to a fetish’.

PERSONIFICAT ION, ALIENAT ION AND OBJECT IFICAT ION:
A SEMIOT IC APPROACH
Taussig (1980: 36–8) suggests that pre-modern and modern versions of fetishism seem
to be structural inversions of each other. As Marx showed, the perception of modern
commodities as in some sense autonomous derives from the alienating split between
persons and the products of their labour. Pre-modern fetishism, on the contrary, is based
precisely on the perceived unity between persons and their products. The classical
example is the spirit or life-force (hau) adhering to the Maori gift (Mauss, 1967).
Evoking Frazer’s concept of ‘contagious magic’, goods exchanged in such contexts are
perceived as metonymical extensions of the persons exchanging them. Taussig refers to
Radin’s (1957: 273–4) conclusion that, in a pre-modern world, material forms are ‘mere
symbols, simulacra, for the essential psychical-spiritual entity that lies behind them’.

It does seem useful to consider the difference between modern and pre-modern
fetishism in terms of semiotics. Mauss’ and Radin’s interpretations suggest that the differ-
ence between venerated gifts and coveted commodities is that there is a sense in which
they constitute different species of signs. The gift signifies a specific social relationship,
whereas the commodity at most signifies an abstract social value or quality, adhering to
the item itself, that can be appropriated (and transformed) through purchase and use
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(cf. Sahlins, 1976; Baudrillard, 1981). Whereas the gift retains its symbolic reference to
the person of the giver, the commodity in the shop remains an anonymous embodiment
of abstract value – a signifier without a signified – waiting to be afforded a referent in
the form of the person of the consumer. Until it does become the attribute of a concrete
person, there is a sense in which the commodity is a sign that stands only for itself.

The inversion identified by Taussig is closely related to the difference, recognized by
Sahlins (1976: 215) and Gudeman (1986: 44), between the pre-modern personification
of things and the modern objectification of persons. Sahlins notes that ‘Mauss wrote of
the hau as if the exchange of things were by Maori conceptions the exchange of persons,
even as Marx observed rather the opposite of our own thinking: the bond of persons is
a relation between things.’ Parry and Bloch (1989: 10–12) are probably right in criti-
cizing such dichotomies for giving the impression of a simple divide between capitalist
and pre-capitalist economies, arguing instead that they represent a polarity between two
spheres of economic life that tend to recur in different proportions in most societies.
This does not, however, detract from the relevance of Taussig’s, Sahlins’, or Gudeman’s
analytical observations. Whether the two versions of fetishism succeed each other his-
torically or exist contemporaneously in the same society, they seem to be generated
within a single framework of semiotic possibilities, in which things may be treated as
(signs or extensions of) persons, or persons may be treated as things.

It has been suggested that it is a specifically ‘western’ habit to distinguish conceptu-
ally between persons and things (Kopytoff, 1986: 84; Ingold, 1996: 129). Referring to
Pietz (1985), MacGaffey (1990: 45) observes that ‘the problem of the fetish, for the
European mind, has been that it confounds the distinction, regarded as basic and
natural, between objects and persons’. Which, then, are the defining features of a ‘person’
that westerners are so reluctant to extend to things? Perhaps they emerge most clearly
into view precisely where personhood isopen to non-human entities, as in the assertion
of the Waswanipi Cree that animals, the winds and many other phenomena are regarded
as being ‘“like persons” in that they act intelligently and have wills and idiosyncrasies,
and understand and are understood by men’ (Feit, 1973: 116). Ingold (1996: 134) char-
acterizes personhood in terms of constituting ‘an undivided centre of awareness and
agency’, and Kopytoff (1986: 84) similarly focuses on individuality as a distinguishing
feature of persons. It is probably safe to suggest that the distinction between persons and
things is more or less synonymous with the distinction between subjects and objects.
Perhaps it is no coincidence, then, that a society that more than any other has been
maligned for its tendencies to objectify people and treat persons as things should be so
obsessed with discursively maintaining – as the last ‘cultural ramparts’ against com-
moditization (Kopytoff, 1986: 85) – the boundary between them?

MacGaffey (1990: 45) suggests that instead of asking ‘why Africans fail to distinguish
adequately between people and objects, we might reverse the question and ask whence
comes this dubious distinction in our own thought?’ The question inevitably brings us
to the modern mind/matter dualism codified by Descartes. If the material objects
through which a human mind engages itself in the world are conceived as radically
divorced from that (alienated) mind, they are not likely to be experienced as extensions
of persons. In fact, even the human body risks being treated, by the mind residing in it,
as an external object. If, on the other hand, persons were perceived as ‘fields’ of identifi-
cation and agency extending outward from human brains and interfusing with their
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material surroundings (cf. Bateson, 1979; Singer, 1984; Evernden, 1985), it would be
quite reasonable to experience their material traces as signs of human selves. In Cartesian
modernity, however, the inclination to distinguish the self from its material surround-
ings is conducive to the inclination to treat even people as objects void of deeper signifi-
cance. Other human beings risk appearing to us as primarily corporeal entities, rather
than as signs of deeper essences inviting exploration. This semiotic transformation
culminates in the post-modern preoccupation with surfaces identified, for instance, by
Baudrillard. For present purposes, it will suffice to observe that modern, Cartesian objec-
tification and pre-modern fetishism can be viewed as inversions of one another: the
former denies agency and subjectivity even in living beings, whereas the latter attributes
such qualities even to dead objects (cf. Hornborg, 1999a).

Appadurai (1986: 48–54) offers yet another angle on different varieties of fetishism
as expressions of alienation. His point of departure is how the perception of commodi-
ties relates to the positions and perspectives of different categories of producers and con-
sumers. ‘Culturally constructed stories and ideologies about commodity flows,’ he notes,
‘acquire especially intense, new, and striking qualities when the spatial, cognitive, or
institutional distances between production, distribution, and consumption are great.’
This perspective immediately suggests that there are different varieties of alienation with
respect to commodity flows and production processes, depending on the position of
people in these global flows and processes. Appadurai gives examples of how the per-
spectives of traders, consumers, and producers can be distorted each in its own way, but
how the common denominator of all such distortions is the incomplete view of the
global system of which they are all a part. He is thus able theoretically to juxtapose such
diverse instances as modern commodity futures markets, cargo cults in the Pacific and
Taussig’s account of devil symbolism among Bolivian tin miners. These examples illus-
trate very clearly how alienation and fetishism can appear at both ends of a production
process, depending on whether it is a commodity’s past or its future that is obscured
from view.

T HE FET ISH AS INFRA- AND SUPERST RUCT URE, T RUE AND
FALSE
Prior to the breakthrough of social constructivism in anthropology, a fundamental
paradox of the Marxian notion of fetishism was its implication that a misrepresentation
of social reality was simultaneously a condition for the reproduction of that reality. In
one of the earliest anthropological discussions of Marxian fetishism, Friedman (1974:
56–7) defines fetishes as structures (of ‘the social mechanisms which distribute social
labour’) that do not contain ‘the true representation of their material effects’ (italics
added). Writing at a time when it was still fairly unproblematic to speak of ‘true’ and
‘false’ representations of social realities (or, in Marxist terms, ‘transparency’ versus
‘opacity’), Friedman’s problem is how it is that ‘a fetish, which is supposedly a fantastic
misconstrual or inversion of material reality . . . can simultaneously be that which
determines that reality’ (Friedman, 1974: 36). While anthropology was still anticipating
constructivism, Friedman had to resort to convoluted theoretical acrobatics in order to
account for his quite valid conviction that the place of fetishism is neither in the infra-
nor the superstructure, but ‘in the center of the social formation’ (Friedman, 1974: 60).
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He establishes that ‘money is not a mere mystified image of something more real’, but
‘the operator of the system, determining the particular social form of exploitation as well
as its misrepresentations’ (Friedman, 1974: 35).

Friedman’s critique of the conventional, Marxist model was timely but soon eclipsed,
along with other versions of Marxism, by the symbolic turn in anthropology. Citing
Bourdillon (1978), Crick some years later concludes that ‘cultural phenomena simply
do not divide into informative and disguising systems’ (1982: 304). The new, discursive
space of constructivism did not have truth versus falsity on its agenda. It has proven diffi-
cult in post-modern anthropology to juxtapose discourses about cultural representations
of reality, on the one hand, and about a material reality ‘transparent’ only to researchers,
on the other. The discipline has thus split along the same Cartesian line that divides the
academic community as a whole into ‘objectivists’ and ‘relativists’ (Bernstein, 1983), or
‘Scientists’ and ‘Humanists’ (Ingerson, 1994). It is ironic that this split became more
pronounced at a juncture when it was becoming increasingly apparent that it would have
to be transcended. The structural-Marxist discussion of fetishism and Sahlins’ Culture
and Practical Reason (1976) were important elements in this revelation, but seem to have
provoked a regressive reaction diametrically opposite to their post-Cartesian theoretical
implications. Today, contributors to journals like Cultural Anthropology and Human
Ecology, respectively, speak in different tongues, and it is rare to find studies seriously
concerned with the interfusion of symbolic constructs and, for example, energy flows in
human society (Hornborg, 1998a). But the imperative of addressing such interfusion of
participants’ representations and some less accessible level of ‘reality’ is obvious once
representations are recognized as ‘real’, not only in the sense of emerging from objective
conditions (cf. Harvey, 1989, 1996), but also – and more importantly – in the sense of
being active ingredients in those conditions.

In a recent reconsideration of his application of the concept of fetishism to social
processes among the Kachin, Friedman (1998: 17–25) contrasts the term both with
Marxist notions of ‘ideology’ as superstructure and with Sahlins’ (1976) use of the
concept of ‘culture’ as code (in the tradition of Saussure and Baudrillard). Whereas
ideology refers to ‘representations of lived reality’ (with ‘no organizing power’), he says,
fetishism refers to ‘the very organization of that reality, the fact that the real is a lived
fantasy’ (Friedman, 1998: 18 – italics in original). This would seem quite compatible
with Sahlins’ position, yet Friedman is determined to posit a theoretical difference
between them. It is noteworthy that, in the course of trying to distance himself from
Sahlins, he momentarily reverts to a rather obscure distinction between ‘infrastructure’
and ‘superstructure’, a dichotomy that he himself seemed to have transcended in his
1974 article on fetishism. ‘The difference between infrastructure and superstructure,’ he
now says, is the difference between those practices and representations that are
responsible for the ‘direct organization of social reproduction’ and those practices and
representations that are merely ‘predicated on that organization’ (Friedman, 1998: 20).
While rejecting the classical contrast between the material and the conceptual as well as
Sahlins’ duality of practices and representations, Friedman thus refurbishes the old
Marxist dichotomy of base and superstructure in terms of organization and ‘predication’
(literally meaning to ‘be based on’). In the same vein, the mystifying aspect of fetishism
is no longer rendered in terms of true and false, but as a condition in which its
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‘representational properties are simply incommensurate with that to which they refer’
(Friedman, 1998: 19).

Although far from clear, Friedman’s struggle to maintain a duality of infra- and super-
structure can be read as an attempt to salvage the notion of a social reality external to
the representations of the participants. It expresses the dilemma of Marxist theory con-
fronted with the hegemony of constructivism. If the participants’ models of reality are
contingent constructions, how can the observers claim that theirs are not? However we
try to rephrase it, the Marxian concept of fetishism carries an inherent assumption about
an outside observer’s privileged access to truth that has been difficult for post-modern
anthropology to digest, and that in part may account for its declining use in recent years.
Thoden van Velzen  writes that ‘fetishes tend to conceal rather than to elucidate’ (1990).
He concludes that ‘a fetish reflects both the impotency and the reluctance of humans to
make progress towards the understanding of a hidden reality’ (Thoden van Velzen, 1990:
78–9). Taussig similarly reminds us that the concept of commodity fetishism is meant
to indicate that ‘capitalist society presents itself to consciousness as something other than
what it basically is, even though that consciousness does reflect the superficial and hypo-
statized configuration of society’ (1980: 31, emphasis added).

One way of reconciling such Marxist truth claims with the epistemological impasse
of constructivism is to recognize ‘demystification’ as a continuous process rather than a
final moment of revelation. In such an approach, each attempt by a radical social scien-
tist to increase ‘transparency’ should be understood as provisional and situated in time
and space, in the sense of aspiring, as far as is presently possible, to represent the per-
spectives of the most exploited social categories, as these could be presumed to appear
if they had access to a more complete view of the system. Moreover, such advances in under-
standing should not be visualized as inherent in the syntagmatic properties of the rep-
resentations themselves, which will always retain a measure of arbitrariness (and the
apotheosis of which would itself be equivalent to a kind of fetishism, an ‘autonomiza-
tion of the signifier’), but in their paradigmatic reference to actual structures of social
relations, a relationship the adequacy of which is finally assessable only in their poten-
tial as guides to social practice. ‘Truth’, in other words, is cumulative and performative
rather than absolute and representational (Hornborg, 1996).

To posit social relations of unequal exchange necessarily implies invoking a ‘grand
narrative’, even if it is admitted to be provisional. Such a pursuit of historically situated,
emancipatory ‘truths’ in no way precludes recognition of the basic tenets of construc-
tivism (cf. Harvey, 1996). Generations before the entry of post-modern constructivism,
Marx’s concept of fetishism recognized that human worlds are symbolically constituted.
The notion implies that, to a certain extent, human beings are the authors of their own
realities. But Marxian theory also asks questions about uncognized aspects of reality that
are external and contradictory to the symbolic representations of the participants. The
notions of ‘infrastructure’ and ‘superstructure’ are not the most adequate of concepts to
capture this duality, but at least they express a tradition of concern with such subjacent
conditions and constraints that is entirely missing in mainstream constructivism. More-
over, Marxian theory recognizes that the human authorship of society highlighted by
constructivism should imply responsibility rather than solipsist resignation. If our
images of the world take such an active part in shaping it, we need to be more reflexive
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about the potential impact of the images we produce. Perhaps we should understand the
present impasse as hesitation at some kind of threshold in the development of a morally
more self-conscious social science.

ASSESSING T HE USES OF FET ISHISM
Miller suggests that the Marxist critique of capitalism has recently tended to move
traditional, ‘tribal’ societies ‘from being the place to find examples of fetishism to become
the only place where fetishism is not to be found’ (1990: 98–9). His derisive conflation
of the Marxist notion of fetishism with romantic images of a ‘pre-fetishistic’ society
should be understood against the backdrop of his wider concern with material culture,
objectification, and the emancipatory potential of modern consumption. He concedes,
in fact, that Marxists have been among those least prone to romanticize pre-modern
societies. To show that modern society has its own mystifications is hardly to deny that
pre-modern societies have theirs, particularly when the concept used to illuminate the
former is borrowed from our representations of the latter. Miller distinguishes between
three different uses of the term fetishism as a critique of modern consumption (1987:
204–5). The first is as a diffuse discontent with consumer culture and ‘the general
malaise of materialism’. The second, ‘narrower and more reasonable accusation’ argues
that obsessive consumption is used as a substitute for social interaction. The third and
‘most precise’ critique of fetishism is Marx’s original argument outlined earlier in this
article. Miller discusses the concept only in relation to critiques of modern society. He
is not at all concerned with the more original usage of the word, although this is still
employed by some anthropologists (Mommersteeg, 1990: 64).4

Reviewing several recent discussions of fetishism, Pool (1990) also distinguishes three
applications. First, there is the ‘old and long discredited’ notion of fetishism as a primi-
tive stage in the evolution of religion. Second, the concept has been used for the belief
that certain objects are invested with supernatural power. In the third and more recent
application, finally, Pool finds that the term ‘has a much wider and more diffuse
meaning’, noting, for instance, the discrepancy between Miller’s and Ellen’s approaches.
Pool suggests that we can distinguish between fetishism as a ‘descriptive ethnographic
term’ and as an ‘abstract analytic concept’. In the former sense, he argues, it should only
be used where it is part of the natives’ own vernacular; in the latter, it has become ‘so
indeterminate as to be practically useless’. The first suggestion would amount to more
or less abolishing the term, which is also Pool’s explicit recommendation. It is difficult
to see, however, why the concept of fetishism should have to be discarded any more than,
say, ‘ritual’ or ‘patrilineage’, neither of which is a vernacular term. The latter statement,
moreover, is contradicted by Pool himself, for in finally suggesting that ‘fetishism has
itself become a fetish’, he not only uses the term but even offers a definition, viz. ‘an
objectification, a cultural representation which we have created and over which we have
now lost control’.

Is Pool justified in pleading for the abolishment of the term, or is there a common
foundation beneath all these uses of the concept of fetishism from amulets, relics of
saints, idolatry and tombs to cargo cults, consumer goods and money bills? Ellen (1988)
argues that the varieties of fetishism addressed by the analytic traditions that he reviews
share four ‘underlying cognitive processes’:
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1. concretization (the reification of an abstraction and its representation in a material
object);

2. animation (the attribution to such an object of qualities of living organisms);
3. conflation of signifier and signified (an ambiguity as to whether the object itself, or

what it signifies, is the ‘active causative agent’);
4. ambiguous power relations (an ambiguity as to whether the object is controlled by

people or people by the object).

Ellen adds that:

all lie on a processual continuum which begins with the identification of categories,
relationships and phenomena, and proceeds – via reification and iconification – to
their personification. In this sequence what we might loosely describe as ‘fetishisation’
appears with a shift from the balanced simultaneity of signifier and signified towards
‘the thing in itself’. (Ellen, 1988: 213, emphasis added)

Rather than to follow Pool’s example and throw the baby out with the bath water, I com-
pletely agree with Ellen (1988: 232) that the concept of fetishism raises ‘issues far too
important to be consigned to some cul-de-sac in the history of ideas’. But instead of
attempting to isolate a common denominator of all the phenomena that have been
referred to as fetishism, I believe that it may be more useful to clarify their differences.
It is possible to unravel, in the various definitions reviewed, a logical taxonomy of
features beginning with the most general aspects and then bifurcating into more specific
forms. In such a framework, moreover, it is rewarding to elaborate on the semiotic
approach suggested by Ellen’s notion of a conflation of signifier and signified. Whereas
Ellen’s concepts are derived from the tradition of Ferdinand de Saussure, there are some
dimensions of fetishism that may be more usefully illuminated by the application of
basic concepts from the framework of Charles Sanders Peirce.

NARROWING DOWN T HE MARXIAN NOT ION OF FET ISHISM
The taxonomic framework I am suggesting is outlined in Figure 1. A candidate for the
most general definition of fetishism is Pool’s phrasing referred to earlier: ‘a cultural
representation over which we have lost control’. Fetishes are symbols that have become
masters of their authors. Thoden van Velzen (1990: 78) quotes David Simpson’s obser-
vation that ‘fetishism occurs when the mind ceases to realize that it has itself created the
outward images or things to which it subsequently posits itself as in some sort of sub-
servient relation’. A fundamental question is whether the fetish can or cannot be said to
mystify or conceal some aspect of social reality, as suggested by Friedman, Taussig and
Thoden van Velzen. This, as we have seen, is a complex epistemological issue, since mys-
tification may well be an intrinsic aspect of the constitution of social reality. It is quite
reasonable to argue that there is a sense in which we are never ‘in control’ of our sym-
bolic representations, and that all symbols tend to mystify some aspect of reality, which
would imply that there is an aspect of fetishism in all symbolism. In order to delineate
a more precise definition of fetishism as a particular variety of symbolism, we thus need
to consider other, more specific criteria.

The first real bifurcation is the issue of whether the representation is or is not material.
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Pool suggests that even concepts (such as ‘fetishism’) may be fetishes. From now on,
however, we shall be exclusively concerned with fetishes in the original, 15th-century
sense of material objects. We then arrive at Ellen’s first criterion: concretization or reifi-
cation. The material object can be a reification in two rather different ways, however.
On the one hand, following Ellen, it can be a concrete representation of an abstract idea
or identity. On the other hand, following the Marxist notion elaborated by Taussig, it
can be a reification – in the form of a small part of it – of a wider context of real material
relationships, such as flows of goods and services. As Pietz (1993: 129) writes:

A factory machine,5 a wheat field, a pension fund, and other ‘things’ reckoned as
capital by accountants and political economists are fetishes, in Marx’s view, not in
their physical existence or concrete functions per se but in their reality as material
forms (‘part-objects’) of a distinctive type of social system.

There is thus an important difference between the material objectification of a cogni-
tive category (e.g. ‘fertility’) and the reification of a wider, material system into an iso-
lated, concrete element of that system.

This difference is further reflected in a third bifurcation relating to Ellen’s second
criterion: animation. Fetishes are attributed with autonomous agency, but there is a
difference between perceiving them as having ‘properties of living organisms’ (Ellen,
1988: 223), such as autonomous productivity (Taussig, Bloch), and perceiving them as
persons (cf. Ellen on ‘personification’, 1988: 213). This can be illustrated by the differ-
ence between perceiving money as a fruit tree (Marx) and perceiving gifts as persons
(Mauss). As Taussig has shown, the former is the result of an alienating split between
people and the products of their labour, whereas the latter is a reflection of their
metonymical unity. In one case, social relations between people assume the form of
relations between things (Marx); in the other, there is an attribution of human mental
qualities to non-human objects (Comte). The former yields a representation of persons
as things, the latter a perception of things as persons (Sahlins, Gudeman). If the former
is an instance of objectification, the latter (personification) must be understood as a ‘sub-
jectification’.

The polarity recurs with respect to Ellen’s third criterion: the conflation of signifier and
signified. The shift from a ‘balanced simultaneity of signifier and signified towards “the
thing in itself” ’ once again accommodates two diametrically opposite phenomena. On
the one hand we are left with a signifier without a determinate signified (a material object
alienated from its human source), while on the other we are faced with a signifier assig-
nified (an object equated with its human source). To conceptualize the first condition,
we may employ Baudrillard’s Saussurean terminology and speak of the ‘autonomization
of the signifier’, but to appreciate the second we are better served by Peirce’s concept of
indexical signs (as distinct from icons or symbols). Peirce’s triadic classification of index-
ical, iconic and symbolic signs has forerunners as far back as Plato and Aristotle (Singer,
1984: 60). It recognizes the three major ways in which a sign can relate to the object to
which it refers: by being immediately contiguous with it (index), by resembling it (icon),
or by being associated with it by cultural convention (symbol). In fact, the pervasive
ambivalence as to whether fetishism implies a veneration of material objects (DeBrosses)
or merely the forces or principles that they represent (Tylor, Haddon) is precisely an
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ambivalence as to whether to approach the fetish as an index, on the one hand, or an
icon or symbol, on the other.

This finally brings us to Ellen’s fourth criterion, which also brings us back to our point
of departure in Pool’s general definition: the ambiguity as to whether the object is con-
trolled by people or people by the object. It would seem that the semiotic condition most
conducive to such ambiguity is the collapse of a signifier/signified relation into an index-
ical sign. This is apparently as likely where the link between an object and its human
source is recognized (Frazer’s ‘contagious magic’) as where it has been obscured. The
difference lies in the scope for creating new and imaginary signifieds, which is obviously
greater where the object has been decisively severed from its source. In the vein of Parry
and Bloch (1989), however, we should recall that this is by no means a phenomenon
unique to modern, capitalist society. Pre-modern, theocratic regimes such as that of the
Inca (see later) consciously utilized such disjunctions to maintain popular respect for
sacred symbols of power, frequently through the use of long-distance imports. We may
conclude, however, that the disembedding tendencies in modern market capitalism are
supremely efficient at generating such disjunctions, and thus are supremely conducive
to fetishism. Every commodity produced for the market at some point or points in its
‘biography’ (cf. Kopytoff, 1986) assumes the alienated, shop-shelf condition we have
referred to as ‘signifier without a signified’. Precisely in having been stripped of its
original social context, it is open to semiotic transformation. We have seen how the dis-
embedding of commodities can generate fetishistic representations among consumers
and producers alike (Appadurai, 1986).

But there is yet another bifurcation, which has to do with whether the autonomy of
the fetishized object is perceived to reside in its value (commodities) or in its produc-
tivity (money capital). Unlike commodities, money is believed to possess an autonomous
capacity for growth. In this sense, of the two forms of capitalist fetishism identified by
Marx, it is only money that assumes the generative properties of a living organism.
Money capital thus appears to be the most exact instantiation of the Marxian concept
of fetishism. Until we consider the machine.

MACHINE FET ISHISM, OR T HE POWER OF T HE MACHINE
Against the background of our argument so far, it is not unreasonable to propose that
the central and most ‘opaque’ fetish of capitalism is nothing less than the machine.
Money, after all, has been with us for millennia and repeatedly ‘deconstructed’ at least
since the days of Aristotle. But the special way in which machines conceal significant
aspects of social reality, while at the same time constituting that reality, certainly deserves
to be made more ‘transparent’. Here are indeed material objects of our own making over
which we seem to have lost control (cf. Winner, 1977). The ambiguous relationship
between man and his industrial technology raises questions concerning which kind of
structure (human or mechanical) is the fundamental objective of reproduction, and
which is the instrument toward this goal (Hornborg, 1992). Certainly machines are reifi-
cations of the wider social context of global flows of goods and services. It cannot be
denied that in common discourse they tend to be animated and attributed with auton-
omous powers of productivity and growth.

The conventional view of technology ignores the real sources of productivity in price
relationships, understood as an ideology of illusory reciprocity, permitting asymmetric
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flows of raw materials and human and mineral energy toward world centres of accumu-
lation. I argue here for a world view in which those asymmetric flows are recognized as
the ‘signified’ of the machine, rather than systematically obscured by the disembedding
processes that are responsible for modern society’s fragmented understanding of itself.
As with commodities, it is the alienated, socially decontextualized condition of the
machine that renders it susceptible to fetishization. The disembedded condition of the
various artefacts of industrial technology has made it possible for people in the centre
of the system, such as David Ricardo and, significantly, Karl Marx, to equip them with
quite other signifieds, such as ‘growth’, ‘progress’ and ‘development’ (cf. Adas, 1989).
The fetish character of the machine resides in its ability to present itself to our con-
sciousness as a local achievement, rather than as a product of the confluence of global
flows. It is high time to demystify the social forces that literally seem to animate our
machines, beginning, perhaps, by asking why they continue to be so unevenly distrib-
uted over the face of the earth.

The kind of unequal exchange, in material terms, that is a precondition for machine
technology has never been a part of industrial society’s self-understanding. Early British
economists such as Ricardo chose to disregard the material properties of the traded goods
in favour of a science that was exclusively concerned with exchange values, and which
for this very reason could not even raise the question of unequal exchange. The osten-
sibly free assignment of market prices axiomatically guaranteed justice, irrespective of
the ungauged, net flows of material resources (energy, labour time, hectares of crops)
which were thereby rendered either invisible or ‘natural’ and legitimate. England in the
19th century required a practically usable theory of (and for) capital accumulation,
which attributed to industrial capital a generative force of its own and thus offered a
morally acceptable explanation for why so much of the world’s wealth was being
accumulated in Britain. Yet, from the very start, there were marginalized dissenters who
refused to be content with the hegemony of exchange value and instead struggled to
make transparent what the price tags had concealed. To this category belong the Marx-
ists, but also the tradition of ‘ecological economics’ traced by Martinez-Alier (1987).
They complement each other in the sense that the former have focused on the unequal
exchange of labour time, whereas the latter have discussed the unequal exchange of
natural space (resources).

The conundrum for ecological economics boils down to two, seemingly contradic-
tory and irreconcilable observations. The first is that prices are cultural constructions
that do not measure or reflect real, material flows. This observation was emphasized by
pioneers such as Geddes (1854–1932), Lotka (1880–1949) and Soddy (1877–1956),
and continues to be a point of departure for ecological economics (Martinez-Alier, 1987:
13, 90–1, 128–43). The second, which should have become evident during the so-called
oil crises of the 1970s, is that prices are real determinants of local, material conditions
for production. In the first sense, prices are not coupled to real, material conditions; in
the second sense, they are. They thus seem to be unreal and real at the same time, imma-
terial in origin but material in their repercussions.

Another way of approaching this conundrum is by juxtaposing certain conclusions of
ecological economics into a logical syllogism, the pursuit or spelling-out of which seems
to have been effectively blocked by the Cartesian matrix. On the one hand, it has long
been observed that the feasibility of technology (‘productivity’ or ‘productive forces’) is
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a matter of energy availability (Martinez-Alier, 1987: 226–7). On the other hand, it is
equally evident that energy availability is a matter of prices (Martinez-Alier, 1987: 4,
187, 210). To complete the syllogism, then, we would have to conclude that the feasi-
bility of technology is a matter of prices. Systematic ratios of exchange and energy appro-
priation are at the very foundation of our industrial infrastructure. Unequal exchange
in the world system is what reproduces machines, and machines are what reproduce
unequal exchange. But does this agree with our everyday conception of technology as
an application of inventive genius to natural resources? In some important sense it seems
as if we have not yet grasped what technology really is. Not even the Marxist under-
standing of ‘capital’ or ‘productive forces’ seems to have pursued the syllogism to its dis-
tinctly post-Cartesian conclusion.

To discover price relationships (terms of trade) as an opaque source of industrial
productivity, obscured by machine fetishism, is basically to extend Marx’s analysis of the
exploitation of labour to the socially mediated exploitation of natural resources in the
world system. If surplus and profit can be generated by the difference (in terms of
exchange value) between the cost and the output of labour, it can also be generated by
the difference between the cost and the output of (work conducted by) machines. Such
calculations are possible precisely because of the hegemony of exchange value, an abstract
measure that represents all things as commensurable and interchangeable (Hornborg,
1999b). Many a critique of capitalism has denounced abstraction itself as the root of its
evils, and rightly so. Paradoxically, however, the only analytical course open to those who
seek to demonstrate the occurrence of unequal exchange is to adopt another abstract
measuring-rod by which to represent exchange in different terms than the illusory reci-
procity of market prices. Without recourse to such an alternative ‘grand narrative’, the
Marxian concept of fetishism loses its meaning and its efficacy as an emancipatory
theory.

For Marx, this measuring-rod was labour time. I have elsewhere argued that a more
inclusive measure is the content of available energy (Hornborg, 1992, 1998a). Drawing
on the Second Law of Thermodynamics, it can be analytically demonstrated that the
quantities of available energy flowing to and from industrial centres must be inversely
related to the flows of exchange values. Whereas the imports of natural resources must
have a higher content of available energy, or productive potential, than the exports of
industrial products, the latter must be priced higher than the former. This is the funda-
mental condition of profit-oriented capitalism in a world obeying the Second Law of
Thermodynamics. In effect, having dissipated a given amount of energy today, an indus-
trial infrastructure will thus be able to command even more energy tomorrow, and so
on. This expanding, net appropriation of available energy within a restricted social space
is the very foundation of industrial growth and ‘technological development’. Since avail-
able energy is a measure precisely of the ability to conduct mechanical work, it is reason-
able to propose that the work ostensibly conducted by machines in reality is the work
of asymmetric, socially orchestrated energy flows, which in the last analysis are effected
by the price relationships (terms of trade).

Such an analysis might ultimately transform our perception of the ontology of
mechanical work, indeed the very phenomenology of the machine. Let us return to
Taussig’s (1980: 36) formulation, but now with the image of a bulldozer on our retinas:
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If we ‘thingify’ parts of a living system, ignore the context of which they are a part,
and then observe that the things move, so to speak, it logically follows that the things
may well be regarded or spoken of as though they were alive with their own auton-
omous powers [italics added].

Let us also, with the bulldozer still in mind, again consider Sahlins’ conclusion that ‘no
object, no thing, has being or movement in human society except by the significance men
can give it’ (1976: 170, italics added). The bulldozer would literally not move, were it
not for the semiotic mediation of the world market. When it does move, moreover, it
seems essential for the viability of industrial capitalism that this mediation should not
contaminate our image of the machine as powerful in itself. For would it not have the
potential to change our perception of the very essence of mechanical movement to realize
that such a tangible ingredient of our reality as the bulldozer exists and is propelled not
by its ‘own autonomous powers’ but by the power of social forces as intangible as global
terms of trade?

T HE REDIST RIBUT ION OF T IME AND SPACE
An alternative and potentially quantifiable abstraction with which to gauge the occur-
rence of unequal exchange is the economy of time and space (Hornborg, 1998b). From
the point of view of the user, a machine can be defined as a device for saving time and/or
space (by increasing velocity and/or intensifying the use of space). Time and space can
be approached as commoditized human resources that the market and the machine
render interchangeable, so that time can be converted into space and vice versa. It is no
coincidence that the machine and the market have conquered the world hand in hand,
since it is precisely the commercial interchangeability of human time (wage labour) and
natural space (commoditized land) that has made the machine possible. Unequal
exchange can be identified in discrepancies between the market prices of commodities,
labour and natural resources, on the one hand, and the investments of human time
and natural space that they represent, on the other. In line with my previous argument
on available energy, the very rationale of world trade seems to boil down to net trans-
fers of time and space between different categories of people in global society. In this
perspective, industrial technology emerges as an institution for redistributing time and
space. One party’s gain in disposable time or space is generally another party’s loss.

Let us exemplify this zero-sum approach to technology by suggesting that the time
saved by 19th-century railway users, compared to using the stagecoach, should be
weighed against the labour time spent to build the railroads, engines, and railway cars,
produce the iron and steel, mine the coal, fell the timber, and so on. I am not convinced
that, for any specific stretch of railway, the balance would show a net liberation of human
time. The fact that the railways were still good business derives from differences in the
prices assigned to different people’s time. And the same applies to space. The total
balance should include the spatial resources consumed by the railroads far beyond the
spaces occupied by the rails themselves: the distant forests, mines and coalfields that were
thus transformed into gains of time for those who could afford the tickets. Beneath the
illusory reciprocity of market prices we may discern an unequal exchange of time and
space between different sectors of world society. This becomes even clearer when we con-
sider more recent and more exclusive transport technologies such as air traffic.
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Just as gains in time are made possible by expenditures of time (and space) in other
parts of the system, economization with space is linked to the extraction of spatial (and
temporal) resources beyond the social horizons of industrialized sectors. The space (land)
set free in one locale by, for example, high-rise buildings or a more intensive, industrial
agriculture should be weighed against the spaces that are elsewhere engaged to make this
local intensification of land use possible. During the 19th century, Britain’s economiza-
tion with land was subsidized by cotton plantations in America, sheep pastures in Aus-
tralia and mines and forests in Scandinavia. The import of inexpensive fibres, iron and
timber alleviated the pressure on Britain’s own land area (Wilkinson, 1973). More
recently we can add all the land globally set aside to provide industrial agriculture with
fossil fuels, fertilizers, pesticides, machinery, biotechnology, and so on. In becoming
interfused with one another in ‘capital’, moreover, the economies of time and space are
rendered indistinguishable, so that time saved can represent space lost, and vice versa.

The Marxist geographer David Harvey shows how the post-modern experience of new
‘spatio-temporalities’ is a product of a disorienting ‘time-space compression’ originating
in the struggle of capital to increase velocities and reduce distances (1989, 1996).
Drawing on Munn’s (1986) study of shell money in Melanesia, which, like Harvey, seeks
the very link between phenomenology and political economy, he discusses the role of
money in generating various kinds of spatio-temporal constructions (Harvey, 1996:
215–47). Like other Marxists, however, Harvey is content to criticize capital accumu-
lation without ever really questioning the machine, its primary, material form. Yet it is
precisely through technology that money remoulds the ‘spatio-temporalities’ that he
refers to. To complete Harvey’s analysis, what is required is an entirely new theoretical
understanding of technology. Technologies of time-space compression rely on social pro-
cesses of time-space appropriation. A theory of (and for) global, environmental justice
would recognize modern technology as a zero-sum game around the spatial and tem-
poral resources at human disposal worldwide. It would quite simply see the machine as
an institution for redistributing time and space.

MACHINE AS EMPEROR, EMPEROR AS MACHINE
Can modern machinery really be compared with pre-modern fetishes? Let us consider,
as a pre-modern instance of Marxian fetishism, the Inca emperor, who appears to have
been perceived by his subjects as a divine source of wealth and fertility (cf. Murra, 1980;
Godelier, 1986; Hornborg, 2000). The economic structure of the Inca state was a pro-
totypical example of what Polanyi called ‘redistribution’. The divine son of the sun based
much of his power on the strategic deployment of distantly imported Spondylus shell
and other valuables such as cloth.6 He also engaged local populations to work in his
maize fields by mimicking traditional communal working bees and offering his guests
generous servings of maize beer. We know that the maize beer with which he appeased
his labourers could only have represented a fraction of the harvest of maize that he gained
from their labour. Yet, in all these transactions, involving massive flows of goods and
services to fill the royal warehouses, the Inca emperor was represented as a cornucopia.
Following Godelier’s (1986) and Friedman’s (1998) studies of the fetishization of politi-
cal offices, I would not hesitate to classify the emperor as a fetish in the Marxian sense:
his person was a concrete reification of a wider system of material exchanges, attributed with
autonomous productivity.7 Moreover, the appearance of autonomous productivity was
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contingent on specific and asymmetric terms of exchange. In this precise sense, his modern
equivalent is indeed the industrial machine. It, too, is contingent on a net input of
resources, yet presents itself to us as a cornucopia.

As a heuristic device, the simplest image that I can offer that might convey the core
of such a concept of fetishism is the old European folk-tale of the tramp who made soup
out of an object such as a stone or nail:

The tramp is reluctantly admitted into a kitchen, but the housewife has no intention
of serving him any food. He pulls a stone out of his pocket, asking merely for a pot
of water to boil some soup from it. The housewife is too intrigued to deny his request.
After a while, stirring and carefully tasting the water, the tramp observes that it could
do with some flour, as if this was the only missing ingredient. The housewife con-
sents to offer him some. Then, one by one, he similarly manages to lure her to add
the various other ingredients, until, finally, she is amazed to find a delicious soup
cooked from a stone.8

The stone in the soup is the prototypical fetish. It transfers our attention from the wider
context to its imaginary centre. No more than the stone contributed to the soup was the
Inca king himself the source of his people’s affluence. And similarly, like the emperor in
Cuzco, the industrial machine is but a fetishized ‘node’ in a global system of resource
flows. Yet, in all cases, the fetishized objects are in some sense constitutive – not just mis-
representations – of accumulation. In all three cases, we are dealing with a concrete
object that is visualized as intrinsically generative or productive. In all three cases, the
fetishized objects are indeed responsible for processes of accumulation, by orchestrating
them, but this orchestration hinges precisely on obscuring their social basis in unequal
exchange. The machine has obviously become a symbol of productivity (cf. Adas, 1989),
but the ideological illusion that I have challenged here is that it is an index of
productivity.

‘Symbolism’ and ‘technology’ have generally been treated by anthropologists as
phenomena belonging to completely separate spheres of reality, yet few if any technolo-
gies would be able to operate without the mediation, in their very constitution, of what
we might call semiotic moments. Such semiotic moments can be of several kinds. It is
trivial to point out that the operation of machines generally presupposes communication
(labelled buttons, warning lights, meters and so on). It is somewhat less trivial to observe
that many items of technology from pre-industrial hunting equipment to modern auto-
mobiles tend to be symbolically embellished so as to enhance the mental calibration of
its users. When the human being is an important element in the technology, it is not
altogether easy to distinguish between pragmatic function and ‘superfluous’ symbolism
(see Leach, 1976). This is particularly clear in the case of architecture (cf. Hornborg,
1990). But the most opaque semiotic elements in technological systems are the various
symbolic strategies that are employed to generate and maintain the social structures of
exchange (of labour, materials, fuels, and so on) that are requisite for the very existence
of those technologies. The modern phenomenon that I refer to as machine fetishism
tends to represent such structures of exchange as external to the technologies ‘them-
selves’. I argue that this is an illusion. ‘Prices’, ‘wages’, ‘interest’: all these categories are
symbolic constructs that are essential elements in the material operation of modern
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industrial technology. No less than the ritual shell sacrifices or beer parties of the Inca
emperor, they represent culture-specific, symbolic strategies for making claims on other
people’s resources. As such, they are inextricably interfused with the material aspects of
the accumulative processes that they orchestrate. No less than Inca ritual, the vocabu-
lary of our economic institutions and the concomitant structures of exchange are inte-
gral parts of the technology. If technologies are in part symbolically constituted, symbolic
events can be ‘technological’ in the sense that they are components in a total, social
machination including kinematic as well as communicative moments, interfused to an
extent where the two cannot be clearly demarcated. The point that Sahlins (1976) makes
about consumption can be extended to production. He observes that ‘everything in
capitalism conspires to conceal the symbolic ordering of the system’, and that only the
particular nature of this concealment – the abstract categories of economics – is what is
‘finally distinctive’ of western civilization (Sahlins, 1976: 220).

The concealment of the symbolic (and thus arbitrary) foundation of human
economies is ubiquitous, because their operation hinges on their being perceived as non-
arbitrary. To propose that we are no less bedazzled by the machine than the Inca peasant
was by his emperor certainly defies common sense. After all, the machines dowork, don’t
they? Yes, but in the eyes of the participants, so did Inca ritual. In neither case is there
a doubt that these socio-technical arrangements were or are efficacious; the question is
how they work, viz. whether their productivity is inherent in particular persons or arte-
facts or relies on socially negotiable rates of exchange. In both cases, it seems essential
for their viability that technical agency and material bounty are represented as the result
of autonomous productivity rather than unequal social distribution. To expose the
agency of a ‘productive force’ as a transmutation and deflection of the agency of other
humans is to render morally suspect that which had been couched in the deceptive neu-
trality of the merely technical.

When an engineer expounding on the benefits of a particular technology is con-
fronted with the objection that this technology is available only to a fraction of
humankind, he will generally respond that this is something that can be amended politi-
cally, through technology transfer and other ‘development’ policies. It would not occur
to him that the unevenness of distribution could be inherent in the very nature of the
technology itself. But if technology is in fact the form in which surplus is ‘stored’ in
modern society, his response can be seen to be no less naive than would be an aspira-
tion, expressed in 15th-century Peru, that one day all the Inca’s subjects will have access
to warehouses equal in size to those of the emperor.  The technological benefits of indus-
trial society cannot be generalized for the total population because the very constitution
of these technologies, no less than the productive capacitation of the Inca elite, relies on
unequal exchange between different sectors of that population. Modern technology is
precisely a strategy of elite capacitation, no less inherently skewed in distribution than
the ability to command armies of corvée labourers. It is a subset of a wider category of
social strategies for capacitation of certain sectors of the population through systematic
appropriation of resources from other sectors. In the absence of recourse to a divine
genealogy, perhaps the crucial difference vis-à-vis earlier such strategies is exactly the
modernist pretense that one day in the future, the disempowered will catch up to the
levels of capacitation now enjoyed by the elite. As this myth of ‘development’ continues
to fade, it would thus not be unreasonable to expect that the inequalities of the
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contemporary world system will require other ideologies of legitimation, supported by
yet stronger technologies of coercion and exclusion. 

Are we really completely aware of the social mechanisms that keep our machines
running? Or has a crucial dimension of our technology systematically escaped us, just
as the ancient Andean peasant was unable to grasp the totality of the system that fuelled
the royal cornucopia? Have we even begun to spell out the implications of the fact,
traumatically illuminated by the so-called oil crises of the 1970s, that what ultimately
animates our machines are global terms of trade? If we really exert ourselves to bracket
our own, cultural variety of common sense, we might glimpse the possibility that the
machine presents itself to our consciousness as – to paraphrase Taussig – something other
than what it basically is.
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Notes
1 It is of course difficult to delineate a ‘Marxist’ project these days. I use ‘Marxist’ or

‘Marxian’ in a very general sense to denote projects inspired by Karl Marx’s ambition
to uncover ideologically mystified, unequal relations of social exchange. I hope it will
be clear that this is also the ambition of this article.

2 By ‘semiotic moments’ I mean symbolic (communicative) events that may be crucial
components of a technological system although not likely to be recognized as such,
owing to our tendency to think of technology as constituted exclusively in terms of
principles of physical engineering.

3 I have deliberately restricted my discussion to contributions that pursue, or are
immediately relevant to, Marx’s focus on collective representations as mystifications
of unequal exchange. Recent studies of fetishism in, for example, art history and
cultural studies have attempted to link Marxist and psychoanalytic approaches (cf.
Apter and Pietz, 1993; Spyer, 1998), but the result is often a more diffuse and
aestheticized engagement with the notion of fetishism than the one delineated here.
Symptomatic of this sensuous, post-modern trend is Taussig’s (1993) shift toward
exploring the idiosyncratic, sexual phenomenology of a policeman’s badge in Genet’s
The Thief’s Journal. Although they make intriguing reading, such contributions seem
less immediately relevant to the analytical work attempted here.

4 Mommersteeg (1990: 64) writes: ‘A fetish is a man-made object that is considered to
contain certain magical powers and as such is supposed to protect its owner or render him
successful in his pursuits. The crucial aspect, however, is that it is a human fabrication.’

A NTHROPOLOGICA L THEORY 1(4)

492

06 Hornborg (dm/d)  1/11/01  8:45 am  Page 492



5 It should be noted that Pietz’s reference to the machine as a fetish merely serves to
exemplify a general fetishism of capital. It does not elaborate the specifics of machine
fetishism as defined further on in the current article.

6 Among the crucial items redistributed in Cuzco and elsewhere in the empire was
mullu, which is the Quechua word for beads and ornaments made from reddish
Spondylus shell. Since Spondylus does not occur further south along the Pacific coast
than the Gulf of Guayaquil, we know that all the mullu discovered archaeologically
in the southern Andes are long-distance imports from Ecuador and beyond. From
ethnohistoric sources, we also know that mullu represented rain and fertility and was
considered the principal food of the gods (Paulsen, 1974; Murra, 1975). It was an
essential element in the annual ritual cycle, which was understood to assure agri-
cultural productivity. Mullu thus appears to qualify as a fetish in the Marxian sense,
and it is significant that in other parts of Nuclear America (e.g. Ecuador and Mexico)
Spondylus shells did in fact assume the function of primitive money.

7 This illustrates, moreover, my earlier argument that the criterion of ‘personification’
(Ellen, 1988: 213) is irrelevant or inadequate to the Marxian definition of fetishism.
The emperor is not increasingly ‘personified’ but rather the opposite: it is his office
that is perceived as inherently productive.

8 I am indebted to Jan-Öjvind Swahn, Department of European Ethnology, Lund Uni-
versity, for information on ‘The Soup Stone’.
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This paper examines the place of technology in Pierre Bourdieu’s social
theory, and argues for the relevance of Bourdieu’s thought to the study of
technology. In moving from an examination of the status of technology in
Bourdieu’s work through to his broad approach to social practice and his
widely cited concept of 

 

habitus

 

, it is argued that technologies are crystalliz-
ations of socially organized action. As such, they should be considered not
as exceptional or special phenomena in a social theory, but rather as very
much like other kinds of social practices that recur over time. Ultimately,
through the use of Bourdieu’s concepts of 

 

habitus
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field

 

, and 

 

capital

 

, we are
able to overcome the binary divisions such as technology/society and
subject/object that have plagued technology studies.
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V E N  A  C U R S O R Y

 

 look at the human sciences over the past decade
indicates an increased interest in scholarship on technology. If the human

sciences underwent a ‘hermeneutic turn’ in the 1970s and 1980s, they may now
be undergoing an even larger ‘technological turn’ in the 1990s and 2000s. This
is not an exact parallel, since university administrations have a great deal more
interest in what they call ‘technology’ than they ever had in hermeneutic and
metacritical scholarship. Under the rubric of ‘technology’, universities and
colleges have funded new faculty lines (especially in departments dedicated to
the study of communication, business and education), new teaching initiatives
and new directions in research. External funding abounds for scholars interested
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in technological questions and even more for those interested in 

 

applications

 

 of
digital technology to business, scholarly or pedagogical enterprises. These con-
ditions have helped to steer the study of technology toward topics and
approaches particularly amenable to business, military, and other applied
administrative purposes.

For instance, consider the use and non-use

 

 

 

of the word ‘digital’ as a modifier
to the word ‘technology’ in academic discourse. Academic job descriptions,
grant announcements and journal articles joyfully collapse the historically
specific instance of digital technology with the category of ‘technology’ itself. In
this logic, if you are to care about technology, then your work is supposed to be
driven by an interest in that which is new and digital. Alternatively, take the
example of the phrase ‘new technologies’. Most of the so-called ‘new’ technol-
ogies have been around for decades. Comparatively speaking, personal
computers have been available on the consumer market just about as long as radio
had been during its so-called ‘golden age’ of the late 1920s and 1930s, and
somewhat longer than television had been during its so-called ‘golden age’ of the
1950s. To refer to digital media as ‘new’ technologies is to import the value-
system of advertisement into scholarship, where ‘newness’ is itself an index of
sociocultural significance and transformative power.

The wind also blows the other way, as corporate players in the technology
field take up discourses originally intended as wholly academic. The most notable
example of this trend can be seen through the travels of the idea of ‘online
community’. Critical scholars have shown wide interest in the problem of
‘community’ online: what it is, how it works, and so forth.

 

1

 

 Yet, as Steve Jones
and David Silver have pointed out, these same concepts of community have been
widely adapted by dotcoms in an effort to market their product. Amazon.com
and ebay.com are now just as likely to market themselves to advertisers and
investors on the basis of their own branded ‘communities’ of users as they are to
market themselves on the basis of the products and services they offer (Jones,
1999; Silver, 2001). One could probably tell a similar story about the concept
of ‘online identity’.

Under these conditions, the force of the ‘preconstructed’ – as Pierre
Bourdieu has called it – weighs heavily upon anyone who chooses to study
technology, since the choice of a technological object of study is already itself
shaped by a socially organized field of choices. There are many forces in place
that encourage us to ask certain questions of technologies, to define technology
in certain ways to the exclusion of others, and to accept the terms of public
debate as the basis for our research programs. At worst, the relevant problems
in, issues of, and approaches to technology appear entirely self-evident to us,
based on the ways in which we have become accustomed to thinking about
technologies as consumers, readers of the press, users, investors (lest my faculty
readers forget where some of their retirement funds may rest!), or otherwise
players in the technological field. At best, we – with some effort – assert our
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intellectual independence from journalistic or business concerns to ask questions
of technology that they do not, cannot, or will not.

All this is to say the study of technology desperately needs something like
reflexive sociology. Pierre Bourdieu was fond of criticizing sociologists’ willing-
ness to take up problems defined in advance in the fields of professional politics
(the ‘field of power’), journalism or education as if those problems were of
transcendent intellectual interest or significance (see the Morooka and Stabile
essay in this volume for a discussion of the ‘doxosophers’). He argued instead
that intellectuals need to fight for their relative independence as they form their
research questions, to engage with ongoing intellectual traditions and political
struggles rather than the ‘current events’ pages of newspapers. Bourdieu’s ideal
of the relatively independent intellectual is far from the reality of how technology
is studied today. Instead of outlining a coherent area of intellectual inquiry,
scholars’ affective and intellectual investments in technology have become part
of what he called the 

 

illusio

 

, the investment in the game, of the academic field
itself. To put it more plainly, there are often more mercenary (and unrecognized)
forces at work than intellectual interest or political philosophy in scholars’
choices of – and approaches to – ‘technology’ as an object of study.

Bourdieu’s sociology has much to offer the study of technology, both because
of ‘technology’’s own current place within the sociology of knowledge, and
because Bourdieu’s distinctive approach to social thought can help technology
scholars resolve some of the social-theoretical problems that continue to plague
us. Though Bourdieu rarely wrote about technology 

 

per se, 

 

his work is ‘friendly’
to technological scholars. Using a phrase from Robert K. Merton, Loïc
Wacquant writes that Bourdieu’s interest in the body led him to be interested in
sport as a ‘strategic research site’ (Bourdieu and Wacquant, 1992: 93). As we
will see below, the same can be said for the study of technology: it too is a
strategic research site for thinking about the relationships between embodied
experience, organized movement and the organization of society.

I have argued thus far that there are extraordinary institutional pressures on
technology scholars to think about technology in certain ways, to ask certain
kinds of research questions about technology to the exclusion of others. The first
move must therefore be what Bourdieu and his collaborators have called an
‘epistemological break’ with the ‘common sense’ of technology. The epistemo-
logical break (or ‘rupture’ as he later calls it) is the moment when scholars are
able to leave behind the force of the various prenotions that operate in the field
they study see their objects with ‘’a new gaze’, 

 

a sociological eye

 

’ (Bourdieu, in
Bourdieu and Wacquant, 1992: 251, original emphasis). In 

 

The Craft of Sociology

 

,
Bourdieu and his collaborators suggest a variety of ways to break with available
prenotions, all of which require detailed attention to method, reflection on
choices of language and descriptive mode, and the use of carefully constructed
sociological concepts to describe the phenomena under analysis (rather than
using the available clichés). To summarize the operations involved in the break,
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they quote Paul Fauconnet and Marcel Mauss, ‘serious research leads one to unite
what is ordinarily separated or to distinguish what is ordinarily confused’
(quoted in Bourdieu 

 

et al

 

., 1991: 15; see 13–30 for a full discussion of the variety
of paths to the epistemological break).

After this break is made, the task of the researcher is to ‘construct the object’
of study. Bourdieu has repeatedly argued that the construction of the object – the
choice of theoretical stakes; the ideas, events, and processes included and
excluded from the object of study; the approaches or ‘methods’ to be used; and
the conceptualization of that object within a larger field of objects – is perhaps
the most important part of social research. It is the moment at which questions
are formed and problems delimited, where the researcher decides which ques-
tions are essential and tertiary, which phenomena primary and secondary, and
which things to approach in depth and which to sketch (see Bourdieu 

 

et al

 

., 1991:
33–55; Bourdieu and Wacquant, 1992: 220–4). Thus, this essay is an attempt to
think through the construction of technology and technologies as objects of study.

Bourdieu’s unwillingness to constitute ‘technology’ as a stable concept for
social theory is instructive for technology scholars. It allows us to consider the
domain of struggle over what is and is not ‘technological’. It forces us to wrestle
with the messy process of constructing technology as an object of study each
time we ask a new intellectual question. In other words, the lack of a well
defined, governing concept of ‘technology’ forces us out of the realm of philos-
ophy and into the realm of sociology, as Bourdieu saw it. The next section of this
essay examines Bourdieu’s approach to technological questions in his work.
From there, my examination of Bourdieu’s approach to technology leads out into
his general approach to organized social action, and especially his concept of

 

habitus

 

.

 

2

 

 The 

 

habitus

 

 is perhaps Bourdieu’s most well known concept in the USA,
but it has its own expansive intellectual history, part of which I trace here in the
writings of Norbert Elias and Marcel Mauss. Like Bourdieu, both Elias and Mauss
used 

 

habitus 

 

as a way of discussing embodied subjectivity, ‘practical knowledge’
as Bourdieu calls it. Bourdieu’s distinctive contribution was to treat 

 

habitus 

 

as
itself stratified across a society (as opposed to Elias and Mauss, who tended to
think of habitus as stratified across different societies or epochs). Both Elias and
Mauss made explicit the intricate connections between habitus as the socially
organized based of physical movement – how people walk, sit, carry themselves,
etc. – and the use of instruments or technologies. Though Bourdieu does not
focus on this technological dimension of 

 

habitus

 

, his innovation of the concept
makes it all the more useful for a social theory of technology.

 

 

 

As I will argue,
technologies are essentially subsets of habitus – they are organized forms of
movement. In this way, technologies are theoretically unexceptional

 

. 

 

They are
very similar to other ways in which we organize social practice through the
habitus. This alternative to approaches that exceptionalize technology allows us
to do away with the yawning gap between ‘technology’ and ‘society’ that has
animated so many social theories of technology.
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Bourdieu once said that ‘what is nowadays called theory is often commen-
taries on canonical authors . . . or reports produced for teaching purposes’
(Bourdieu, in Bourdieu 

 

et al

 

., 1991: 257). Though the language of this article
may appear at times conceptual and theoretical, my goal is not to produce a grand
Bourdieuean ‘theory’ of technology but rather to explain some areas in which I
have found his thought to be applicable to or beneficial for the critical study of
technology, and how I have placed ‘technological’ issues within his approach to
society. Like other writers of his stature, Bourdieu is best read as food for
thought, as someone who trains his readers to ask certain kinds of questions.
Indeed, this seems a fitting approach for a memorial issue dedicated to his work.
The pedagogical reading seems eminently preferable to the tendency to import
Bourdieu (and other continental authors) as ‘theory’, where their writings are
uncritically adopted as a conceptual model and distinctive jargon into which
readers are told to plug whatever objects cross the horizon of their intellects.
Thus, the purpose of this article simply to shed some light on the place of
technology in Bourdieuean sociology and thereby suggest some ways in which
Bourdieu might help us to better study technology.

 

Bourdieu does technology

 

At first glance, it would appear that Bourdieu rarely confronts technology head-
on. His two books on media, for instance, seem on the surface to say relatively
little about technology. Yet, they do suggest that what Bourdieu calls ‘technical
objects’ are worthy of sociological study. In 

 

Photography: A Middle-Brow Art

 

, he
begins by asking the simple question: why are cameras and the practice of
photography so widely diffused throughout French society? The answer is not as
simple as we might think:

There are cheap cameras and, unlike more demanding activities, such as
the practice of playing a musical instrument, photography requires little
or no training; [but] the absence of economic and technical obstacles is an
adequate explanation only if one hypothetically assumes that photo-
graphic consumption fills a need that can be satisfied within the limits of
economic means. But does this not amount to doing away with the
sociological problem by providing an explanation what sociology should
be explaining?

(Bourdieu, in Bourdieu 

 

et al

 

., 1990: 14)

Bourdieu’s answer is that photography does not simply fill a need per se, but that
in order to understand the meaning of manual workers’ photography, we must
understand their relationship to their class condition (1990: 16). This is where
the technical aspect of the camera itself enters his discussion. Photographic
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hobbyists among manual workers stress their enthusiasm for simple machinery
as 

 

both 

 

a valorization of their own skill and a recognition of the financial obstacles
to buying a fancier camera: ‘This sort of “do-it-yourself ” attitude resists the
seduction of the technical object as much as it succumbs to it. . . . Affecting a
disdain for the refinement of technical objects in the name of the refinement of
the technician is the most realistic way of recognizing their inaccessibility
without renouncing their sophistication’ (1990: 18).

Bourdieu’s collaborator Jean-Claude Chamboredon also pays some attention
to the physical technology of the camera, both as a fetish for photographers – he
quotes one photographer saying ‘I love my Leica both physically and emotionally’
– and as a structuring material condition of the practice: ‘the state of photo-
graphic technology obliges photographers to carry out specific operations which
pre-exist their intentions, and which can therefore not be conceived as gestures
freely brought about by their creative intentions and modeled on those inten-
tions’ (Chamboredon, in Bourdieu 

 

et al

 

., 1990: 138–9).
As we will see below, this is not a condition unique to the use of technology.

Rather, the camera in both these examples is a little crystallized set of operations
incorporated into the habitus: the technical aspects of photography are one set
of relatively fixed principles (among others) upon which creative photographic
practice is based. I use the term ‘little’ in referring to the set of operations
performed by the camera because it is one part of a whole complex of social
forces and orientations (many of which, such as economic constraint and class
disposition as a response to that constraint, are not tied directly – or at least
intuitively – to technologies) and indeed cannot act without them. A person may
possess a camera and have no desire to use it, or may build an entire ‘do-it-
yourself’ aesthetic around the enthusiastic and sophisticated use of a relatively
simple camera.

If we are fishing for statements on technology in Bourdieu’s work, the much
more recent 

 

On Television

 

 (1996) reads in a fashion similar to 

 

Photography

 

.
Bourdieu’s comments on television relate more to the habits and practices of ‘the
journalistic field’ and its relations to intellectuals and the state of public discourse
in France than they do to anything resembling a theory of television as a
technology. For instance, he invokes intellectuals’ long history of opposition to
‘fast thinking’ (a history he traces back to Plato) in his critique of the roles
intellectuals are forced into on television: the kind of ‘fast-thinker’ required by
television is most likely to ‘think in clichés, in the ‘received ideas’ that Flaubert
talks about – ‘banal, conventional, common ideas that are received generally’.
Fast-thinkers ‘offer cultural “fast food” – predigested and prethought culture’ –
in part because they are easily found in journalists’ little black books and also
because the people ‘who really have something to say’ require more effort to
seek out, and may not be well-trained to speak to the press at all (Bourdieu,
1996: 11, 28). While writers like Neil Postman (1985, 1999), for instance, have
attributed this form of rapid-fire intellectual practice to the technological
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characteristics of the television medium itself, Bourdieu takes a more socio-
logical view, arguing essentially that the enabling and constraining conventions
of the journalistic field, rather than the technology itself, shape the possibilities
for action on television (see also Bourdieu, 1996: 68–9).

 

3

 

Because he rarely deals directly with objects that we recognize as techno-
logical, Bourdieu’s French interlocutors have dismissed him on the ground that
he is an instrumentalist. Deleuze calls Bourdieu’s approach a ‘sociology of
strategies’ fixed within a ‘closed, exchangist cycle’ (Deleuze, 1988: 36, 142 n.
7). Bruno Latour, while he admits to painting Bourdieu with too thick a brush,
writes that in Bourdieu’s analysis of power ‘science, technology, texts, and the
contents of activities disappear’ (Latour, 1993: 6). While it is true that Bourdieu
never confronted the ‘technological’ aspects of social life head on, he has vitally
rethought a set of fundamental social-theoretical questions that occupy scholars
of technology today (which is of course not to say the 

 

only

 

 set of fundamental
questions). These are the same questions that have traditionally challenged social
theorists: the standard dualisms of individual and society, creativity and
constraint, activity and passivity, and structure and agency.

For technologists, what is the first lesson is to be taken from a sociologist
who resolutely refuses to substantialize (or to offer a substantive 

 

a priori

 

definition of) the category of ‘technology’? The answer is so simple it is easy to
miss: to substantialize ‘technology’ as an abstract philosophical category is to
bracket the very questions that are supposed to be asked when we do a sociology
of technology (see Bourdieu, 1998: 4). We can see this in Bourdieu’s approach
to photography: technology is not simply a ‘thing’ that ‘fills’ a predetermined
social purpose. Technologies are socially shaped along with their meanings,
functions, and domains and use. Thus, they cannot come into existence simply
to fill a pre-existing role, since the role itself is co-created with the technology
by its makers and users. More importantly, this role is not a static function but
something that can change over time for groups of people. One can look to the
history of the record player – the turntable – as an example of this. What began
as a playback device was turned into a musical instrument over the course of
the 1970s. In part, this was the result of changing attitudes toward what
constituted the public performance. The turntable is a classic case of people
making a ‘virtue’ of necessity. Just as Bourdieu’s French worker who could not
afford a fancy camera made a virtue of (and indeed, developed a form of
virtuosity from) pushing the limits of a more basic camera, so too did the lower-
class (and mostly non-white) ‘turntablists’ convert a playback medium into a
musical instrument in a world where musical instruments were very hard to
acquire (see Rose, 1994; Thornton, 1996; Dimitriadis, 2001). At what point is
the phonograph a playback device and at what point is it a musical instrument?
These are not questions that can be answered ‘scientifically’ or through 

 

a priori

 

reasoning. Rather, the analytical categories of ‘instrument’, ‘playback device’,
and even ‘use’, ‘function’, or ‘role’ are derived in reaction to the practices
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affiliated with the technology – the practices that essentially 

 

make

 

 the tech-
nology in the first place.

Beyond the ways in which we classify technologies, the category of ‘tech-
nology’ is itself a social artefact. At the beginning of 

 

Distinction

 

, Bourdieu
considers technology as a category opposed to ‘art’ as he discusses the difference
between technical and aesthetic objects. Again, he is primarily interested in the
social dimensions of the distinction between ‘technology’ and ‘art’ rather than
the characteristics of technology and art ‘in themselves’:

Within the class of worked-upon objects, themselves defined in opposition
to natural objects, the class of art object would be defined by the fact that
it demands to be perceived aesthetically, i.e. in terms of form rather than
function. But how can such a definition be made operational? Panofsky
himself observes that it is virtually impossible to determine scientifically
at what moment a worked-upon object becomes an art object, that is, at
what moment form takes over from function. 

(Bourdieu, 1984: 29)

He goes on to argue that the distinction is itself a function of socially conditioned
perceptions of art: ‘never perhaps has more been asked of the spectator . . .’
(Bourdieu, 1984: 30). The converse of both statements is also true: we cannot
determine, before the fact, the moment when an object becomes a technology
because part of its ‘technological’ use comes from the ways in which it is beheld
– or simply held, for that matter. This basic, definitional level is a place where
the epistemological break is really important. In casual talk, we are more likely
to think of cars or computers as kinds of ‘technology’ than we are clothes or
doors. Yet clothes and doors are every bit as technological as cars and computers,
and – most importantly, as I discuss below – their meaning, use, and ‘role’ in
actual social practice may depend on their connections with things like cars and
computers. In fact, clothes, doors, cars and computers are all implicated 

 

together

 

in political struggles of the domains of ‘private’ and ‘public’ in social life.
Therefore, it is clear that we cannot work with an 

 

a priori 

 

definition of
technology and graft it onto social practice. Yet to offer 

 

no 

 

substance to tech-
nology suggests that it is purely a matter of perception whether or not something
is ‘technological’. This is where Bourdieu’s famous distinction between ‘practical
reason’ and ‘theoretical reason’ comes into play. As academics, we work in the
world of concepts: we fashion them, polish them, and apply them. Our concepts
do not in any way directly reflect the essential reality of social practice: on the
contrary, they are deliberately created 

 

as 

 

academic concepts – and ‘technology’
is an academic concept 

 

par excellence.

 

 As David Noble (1977) points out, our
modern conception of technology as ‘the practical arts, collectively’ comes from
a Harvard University lecture. However, the social world is not guided by our
theoretical reason, it is instead guided by what Bourdieu calls ‘practical reason’
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– embodied social knowledge that may or may not be conscious. For Bourdieu,
practice follows its own logic: not the scholastic logic of academics, but the
embodied logic of sedimented history in everyday activity (see, e.g. Bourdieu,
1990b: 80–97; 1998: 127–40). If we do not distinguish between academic logic
and practical logic (or rather, if we do not recognize academic logic as only one
kind of practical logic), we wind up writing as if the people we study are running
around making use of concepts we devised in the process of studying them! As
Bourdieu says, we risk committing ‘the fallacy of projecting into the object of
study the academic relationship to the object or the constructs which this
academic relationship has made possible’ (Bourdieu, 1981: 305). Thus, to under-
stand how a technology becomes a technology through social practice (rather
than through logical deduction), we must turn to Bourdieu’s approach to prac-
tical reason and his widely-cited concept of 

 

habitus

 

.

 

Habitus

 

 is a concept that mediates between relatively structured social rela-
tions and relatively ‘objectified’ forms of economic or social agency or interest.
Bourdieu uses the term ‘field’ to describe groups of interrelated social actors,
and ‘capital’ to describe the specific forms of agency and prestige within a given
field. These relations of power and forms of agency are in constant flux, and are
themselves struggled over: the relations in a field change over time, as does the
specific form of capital in that field. ‘Fields’ and forms of ‘capital’ are not once
and forever fixed (as they would be in a classic structuralist model). Conceptu-
ally, the 

 

habitus

 

 sits between these poles, as a set of social dispositions, a kind of
‘generative principle’ of spontaneous and creative social action based on one’s
position in a field and one’s access to and possession of certain kinds of capital
resources. Bourdieu calls his philosophy of action ‘dispositional’ because it ‘noted
the potentialities inscribed in the body of agents and in the structure of the
situations in which they act or, more precisely, in the relations between them’
(Bourdieu, 1998: vii). The habitus is thus not merely a mental state; it is
embodied social knowledge – it comes through in everything we do (Bourdieu,
1990b: 68–79). The way a person walks, talks, types, plays a musical instrument,
drives, her aesthetic preferences, perceived health needs, etc., all of these
attitudes are expressions of habitus: ‘There is a particular mode of under-
standing, often forgotten in theories of intelligence, which consists of under-
standing with one’s body. There are a great many things we understand only with
our bodies, at a subconscious level without having the words to say them’
(Bourdieu, 1988: 160). Habitus is embodied belief, but it is also a generative
principle; it allows for creativity and improvisation:

I wanted initially to account for practice in its humblest forms – rituals,
matrimonial choices, the mundane economic conduct of everyday life, etc.
– by escaping both the objectivism of action understood as a mechanical
reaction ‘without an agent’ and the subjectivism which portrays action as
the deliberate pursuit of a conscious intention, the free project of a
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conscience positing its own ends and maximizing its utility through rational
computation.

(Bourdieu, in Bourdieu and Wacquant, 1992: 121)

In other words, Bourdieu used 

 

habitus

 

 as an alternative to structuralism, where
subjects merely carry social structure inside them, 

 

and

 

 as an alternative to a
‘philosophy of the subject’ where the subject is self-knowing, rational, and its
actions are the result of conscious and deliberate will. Elsewhere, Bourdieu has
called the habitus a ‘nonspontaneous principle of spontaneity’ (1990b) because
it is essentially sedimented social history as it is lived and embodied in social life.
It is spontaneous and generative because agents can act in creative ways, but it is
‘nonspontaneous’ because the basis of their action is rooted in education,
cultural memory, upbringing, and social circumstance. Our habitus confront us
as a kind of ‘second nature’ (Bourdieu, 1990b: 56).

 

Habitus

 

 is an especially powerful concept because it is historical – it changes
over time – and because it contains both structural and spontaneous aspects.
Thus, we know that while there is tremendous individual variation in the ways
in which people carry their own bodies, our ways of ‘being in our bodies’ are
also socially conditioned – as Iris Marion Young has so wonderfully shown in her
essay ‘Throwing Like a Girl’ (Young, 1990; see also Bourdieu, 1990b: 211, 217).
Relations to ‘technical objects’ are similarly organized through this play of
‘practical logics’ and, as the phonograph example above shows, this practical
logic allows agents not only to use technologies, but through practical logic to
create and transform them as well. In the next section, I offer an intellectual
history of Bourdieu’s notion of 

 

habitus 

 

that pays particular attention to its
embodied features and closeness to ‘technological’ actions and objects. I do so
to argue that 

 

habitus

 

 – in its relation to 

 

field

 

 and 

 

capital

 

 – can be the methodo-
logical cornerstone of a social ‘praxeology’ of technology.

 

Fieldwork in the philosophy of technology: habitus, technique 
and the body

 

Understood socially, technologies are little crystallized parts of habitus. At a
basic level, a technology is a repeatable social, cultural and

 

 

 

material process
(which is to say that it is all three at once) crystallized into a mechanism or set
of related mechanisms. A technology may perform labour once done by a person,
which is to say that people design and use technologies to enhance or promote
certain activities and discourage others. A technology embodies a particular
form of practical reason, such as Bruno Latour’s famous example of the door-
closer, whose job it is to keep the door closed. Latour argues that a whole set of
social relations, practices and assumptions are embedded in the simple mechan-
ism used to keep the door closed at the entrance to a sociology department. The
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door closer thus reinforces these structured tendencies even as it acts independ-
ently of people once it is built and set up, ‘simply’ closing the door each time it
is opened. Of course, when the door closer does not work (or does not work
quite right), this also creates all sorts of crises, simply by virtue of closing the
door a little too quickly or slowly (Latour, 1988). Technologies are associated
with habits and practices, sometimes crystallizing them and sometimes promot-
ing them. They are structured by human practices so that they may in turn
structure human practices. They embody in physical form particular dispositions
and tendencies – particular ways of doing things.

To properly explicate what must seem like a grand abstraction, we need to
first take a step back from Bourdieu to two of the many people who influenced
him: Norbert Elias and Marcel Mauss. Although in his less modest moments,
Bourdieu claimed that 

 

habitus 

 

was ‘an old Aristotelian and Thomist concept that
I completely rethought’ (1990a: 10), we will see that elements of both Elias’ and
Mauss’ thought are crucial to Bourdieu’s use of the term. Bourdieu’s later
rejection of mentalist or idealist conceptions of the subject was in part based on
Elias’ and Mauss’ earlier development of 

 

habitus

 

. In particular, both authors
linked the habitus with the organization of physical, bodily practice. Elias was a
student of Karl Jaspers, Alfred and Marianne Weber (brother and widow of Max
Weber, respectively) and Karl Mannheim. Mauss was Emile Durkheim’s nephew
and went on to become an influential figure in French anthropology in his own
right. Bourdieu cites both as systematic thinkers, and indeed they both precede
him in his effort to ‘think relationally’ (Bourdieu and Wacquant, 1992: 96–7),
though Bourdieu is quick to reject the grand scope on which both authors wrote,
trimming down the long historical periods within which Elias wrote and
replacing Mauss’ fuzzy notions of ‘total social facts’ with more specific objects
of study (see Wacquant, in Bourdieu and Wacquant, 1992: 26–7).

Elias’ extensive use of the concept of 

 

habitus 

 

in his

 

 

 

most famous work, 

 

The
Civilizing Process 

 

(1939/2000) has only recently come to the broader attention of
English-speaking scholars. 

 

The Civilizing Process 

 

is a vast and sprawling history that
juxtaposes the gradual transformation of aristocratic (and later middle class)
conduct against the emergent process of state formation over several centuries
in Europe. In the introduction to the revised edition, Eric Dunning, Johan
Goudsblom and Stephen Mennell explain that ‘writing in German in the 1930s,
Elias frequently used the term 

 

habitus

 

, which in the 1970s and early 1980s was
quite unfamiliar in English and was therefore generally translated by such expres-
sions as “personality makeup”. Since then, particularly through the writings of
Pierre Bourdieu, the more precise term “habitus” has re-entered the vocabulary
of Anglophone social scientists . . .’ (Elias, 1939/2000: xvii). So Bourdieu’s own
writings have allowed for a clearer retrospective reading of one of his influences:
in Elias’ own words, his work is about ‘the connections between changes in the
structure of society and changes in the structure of people’s behaviour and
psychical habitus’ (Elias, 1939/2000: xiii).
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Although 

 

The Civilizing Process 

 

has some important things to say about state
formation, for our current purposes we should be most interested in Elias’
discussions of behaviour. Most broadly, he argues that as Europe moves from
medieval to ‘modern’ social relations, social life becomes more complex and
people come to directly depend upon and interact with many more people. The
result of this slow transformation is a general trend toward what he calls ‘self-
constraint’, where inhabitants of these societies must regulate their emotional
and physical activity more carefully than their medieval predecessors. His discus-
sion of roads exemplifies the difference between either pole of the civilizing
process: the medieval road is unpaved, uneven and rarely travelled. On that road,
‘when people look around them, scanning the trees and hill or the road itself,
they do so primarily because they must always be prepared for armed attack, and
only secondarily because they have to avoid collision’ (Elias, 1939/2000:

 

 

 

368).
At the other pole, traffic in ‘the differentiated society of our time’ requires a
completely different subjective orientation. As motorized vehicles move in an
elaborate and carefully orchestrated traffic pattern, ‘the chief danger that people
here represent for others results from someone in this bustle losing their self-
control. A constant and highly differentiated regulation of one’s own behaviour
is needed for individuals to steer their way through traffic. If the strain of such
constant self-control becomes too much for an individual, this is enough to put
him or her, and others, in moral danger’ (Elias, 1939/2000: 368). Elias’ driving
example is meant to illustrate his larger argument that social action and social
form are two aspects of the same process, and not separate phenomena. Here,
we can already see an earlier version of Bourdieu’s rejection of commonsense
binaries like structure/agency and individual/society. As Bourdieu points out,
Elias is more ‘sensitive to continuity’ than he is – and indeed Elias works at a
much broader register of generalization. In fact, there is good historical evidence
for a whole middle phase between the medieval and modern poles of Elias’
description of life on the road (Bourdieu, in Bourdieu and Wacquant, 1992: 93;
for a middle phase between the medieval road and the modern automotive
intersection, see the description of stagecoach travel in Schivelbusch, 1986). But
periodization aside, Elias’ larger methodological point about the identity of
social form and social action is something which is developed further in
Bourdieu’s work.

Elias’ analysis of 

 

habitus

 

 goes beyond simply being an instance of a relational
conception of society. The most minute physical actions and the most basic of
technologies are central hinges in social practice. These actions have to be
learned, managed and transmitted. Elias charts two broad-sweeping and related
changes to behaviour in the civilizing process: rationalization (as in the driving
example above), and a rising threshold of ‘shame, repugnance or embarrass-
ment’ (Elias, 1939/2000:

 

 

 

414). There is clearly a nod to Freud in his discussion
of the restraint of bodily drives and emotions, but for Elias it is not a psycho-
logical process 

 

per se

 

, it is social all the way down. Shame, repugnance and
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embarrassment are such visceral emotions, yet Elias deftly demonstrates that
they are not in any sense primal: they are taught. In fact, Elias repeatedly uses
the socialization of children as an example, since children must be taught the
various reactions that adults take for granted as natural (Elias, 1939/2000: xi).
Position and disposition are thus fully intertwined, and reproduced through
education. Bourdieu’s readers should find this a familiar proposition.

 

4

 

The second section of 

 

The Civilizing Process 

 

is dedicated to an extended
analysis of medieval and early modern conduct books, generally directed toward
young nobles (and later other youth of elites). Elias shows, for instance, the
development over centuries of an increasing discomfort with display of the
human body, which he summarizes thus:

First it became a distasteful offense to show oneself exposed in any way
before those of higher or equal rank; with inferiors it could even be a sign
of good will [for instance, when a noble would receive an inferior while
getting dressed]. Then, as [bourgeois classes rose to social dominance], it
slowly became a general offence. The social determination of shame and
embarrassment-feelings receded more and more from consciousness.
Precisely because the social command not to expose oneself or be seen
performing natural functions now operates with regard to everyone and is
imprinted in this form in children, it seems to adults to be a command of
their own inner selves and takes on the form of a more or less total and
automatic self restraint.

(Elias, 1939/2000:

 

 

 

118)

Feelings of shame and embarrassment at exposure became a form of second
nature, a preconscious disposition informing action. They became part of the
habitus, as did the practical use of that most basic of technologies, clothing.

The same can be said for the threshold of disgust. Elias’ classic analysis of
the fork and behaviour at meals illustrates this well: ‘The fork is nothing other
than the embodiment of a specific standard of emotions and specific level of
revulsion’ (Elias, 1939/2000: 107). It serves no 

 

practical

 

 use as it merely lifts
food that has already been cut to the mouth – something that could easily be
accomplished with the hands. But as he points out, it is socially unacceptable to
dirty the fingers in polite society (for a contemporary example – at least in the
USA – consider the class connotations of heavily sauced foods that one 

 

does

 

 still
eat by hand, such as barbecued meats, and where one does and does not see such
food consumed). The fork was born as a technology designed to uphold,
promote and refine a social taboo. While children must be taught to not eat with
their hands, after years of learning and reinforcement, adults use forks as a
matter of course and preference. That, for Elias, is how social prohibitions are
transformed into individual dispositions, reactions and habits.

Thus technologies from the most basic – clothing and forks – to the most
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complex – automobiles – are deeply tied to techniques of the body, to the ways
in which people learn to use and relate to their own bodies. And here is where
we find our connection to Marcel Mauss, who further developed the specifically

 

bodily

 

 dimensions of habitus, and made the explicit link between the human body,
instrumentality, and technology. Mauss’ essay on ‘techniques of the body’ has in
recent years come to the attention of writers in cultural studies, but it is most
often used in relation to Foucault’s writings (e.g. Bennett, 1995). Mauss’ work
serves as the connection back to Elias and forward to Bourdieu in the construc-
tion of 

 

habitus

 

 as a concept. ‘The body is man’s first and most natural instrument’,
wrote Mauss:

Or more accurately, not to speak of instruments, man’s first and most
natural technical object, and at the same time technical means, is his body.
[. . .] Before instrumental techniques there is the ensemble of techniques
of the body. [. . .] The constant adaptation to a physical, mechanical or
chemical aim (e.g., when we drink) is pursued in a series of assembled
actions, and assembled for the individual not by himself alone but by all his
education, by the whole society to which he belongs, in the place he
occupies in it.

(Mauss, 1979: 104–5)

Like Elias, Mauss compiled an extensive list of techniques for investigation:
sleep, waking and rest, walking, running, dancing, jumping, climbing,
descending, swimming, forceful movements, hygiene, eating, drinking, sexu-
ality and care of the sick. Like Elias, Mauss saw that techniques of the body are
constructed through ‘physical education of all ages and both sexes’ (Mauss, 1979:
108). Like Elias, Mauss choose the word 

 

habitus

 

 to describe the assemblage of
series of actions of a given social group:

Hence I have had this notion of the social nature of the ‘

 

habitus’ 

 

for many
years. Please note that I use the Latin word – it should be understood in
France – 

 

habitus

 

. The word . . . does not designate those metaphysical

 

habitudes

 

, that mysterious ‘memory’, the subjects of volumes or short and
famous theses. These ‘habits’ do not vary just with individuals and their
imitations; they vary especially between societies, educations, proprieties
and fashions, prestiges. In them we should see the techniques and work of
collective and individual practical reason, rather than, in the ordinary way,
merely the soul and its repetitive faculties.

(Mauss, 1979: 101, original emphasis)

As this quote illustrates, Mauss extended Elias’ analysis of the centrality bodily
movement to a notion of 

 

habitus

 

. He eliminated the Freudian overtones of ‘self-
control’ and emotional repression we see in Elias and replaced them with an
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analysis of bodily movement as fundamentally technical, informal, and historical.
Thus, in Mauss, psychological conditioning comes after physical conditioning
(where in Elias they are more parallel).

For Bourdieu as well, 

 

habitus 

 

has a certain kind of physicality and social
memory to it, and the physical precedes the psychological: ‘one might say that
arms and legs are full of numb imperatives’ (Bourdieu, 1990b: 69). It is a form
of ‘embodied history’: ‘A man who raises his hat in greeting is unwittingly
reactivating a conventional sign inherited from the Middle Ages, when, as
Panofsky reminds us, armed men used to take off their helmets to make clear
their peaceful intentions. This re-enactment of history is the work of the habitus
. . .’ (Bourdieu, 1981: 305). Bourdieu makes this point even more explicitly in
a speculative discussion of totalitarian institutions’ use of dance and sport. He
writes that ‘the methodological manipulation of the body [. . .] is a way of
obtaining from the body a form of consent that the mind could refuse’ (1988:
161). Once again, bodily practice 

 

precedes 

 

belief. Social practice is organized
physically, rather than ideationally. Elias’ diners, Mauss’ squatters and Bourdieu’s
gentleman on the street all meet in the same domain: social organizations or
‘assemblages’ of probable and improbable movements and practices that make
up the habitus.

So far, I have primarily discussed the bodily dimension of habitus in relation
to technologies such as clothing and forks that are ‘close to the body’. But what
of technologies that at first blush seem less associated with the human body? Even
supposedly ‘less embodied’ communication technologies always have an
embodied element – and in fact the forgetting of the embodied element may in
some cases be part of the habitus itself (Bourdieu, 1990b: 56). As other authors
have suggested, the investment in digital media – especially computers and the
Internet – as somehow itself ‘disembodied’ is itself part of the logic of the digital
media field. Like Bourdieu’s gentlemen who tip their hats in greeting and thereby
unconsciously evoke medieval soldiers, today’s theorists of technological disem-
bodiment reproduce – without conscious intention – a centuries-old discourse
of utopic transcendence through the dissolution of the body, or at least its refusal
(for fully developed versions of this critique, see Noble, 1997; Peters, 1999;
Sconce, 2000). ‘Cybertheorists’ who trumpet the supposedly disembodied
aspects of new media have not made an epistemological break with the social
discourse and practices they claim to objectively describe – they are using the
discourse of their object of knowledge as if it transparently describes itself: there
is always a person sitting at a keyboard and staring at a computer screen. As the
rising number of repetitive stress injuries demonstrates, there is very much a
physicality to computer use, despite the many claims for the ‘disembodied’
characteristics of cyberspace.

Therefore, technologies are one part of the physicality of the habitus. But
Bourdieu’s specific contribution to the concept of 

 

habitus

 

 was to combine it in a
triad with his other two key concepts: 

 

capital

 

 and 

 

field

 

. In this approach to social
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life, habitus is not only directly connected to the ways in which practices are
organized, but is itself deeply shaped by the relations of power within a field, the
kinds of capital at work, and the overall structure of the society. Let us consider
another example through the Bourdieuean lens to see how this works. The simple
fact that the radios in our homes, cars, and on our heads are reception-only
devices is the realization and perpetuation of a whole set of social facts of radio:
the commercial dominance of broadcasting by large networks and narrowly
defined formats for decades (though soon satellite, cable and Internet providers
will join them); a federal policy apparatus designed to reinforce that dominance;
historically changing practices of radio use that have – since the mid 1920s –
emphasized radio as something one listens to, not something one creates – either
individually or collectively (Douglas, 1987, 1999; Smulyan, 1994; Streeter,
1996; Sterne, 2003). Of course, there are exceptions to this, but they prove the
general case: ‘ham radio’ and ‘Citizens’ Band (CB) radio’ are so named to
distinguish them from the radios in our homes. The battles in the USA over low-
powered broadcasting (and police confiscations of ‘pirate radio’ broadcasting
equipment) also show the degree to which the configuration of radio production
and consumption is itself heavily politicized. Low-wattage broadcasters use radio
to reach very small audiences – a neighbourhood, a local region or even a single
apartment building. They are generally non-commercial and provide content
markedly different from larger commercial and non-commercial stations. But
even those broadcasters purportedly oriented toward the public interest fought
against the legalization of low-powered radio (Riismandel, 2002).

Technologies are of particular social-theoretical interest because of the ways
in which they tend to ‘sediment’ social relationships, and this is exactly what has
happened in the case of radio. As Lewis Mumford put it, understanding tech-
nology ‘is also a means toward understanding society and toward knowing
ourselves. The world of technics is not isolated and self-contained: it reacts to
forces and impulses that come from apparently remote parts of the environment’
(Mumford, 1934/1963: 6). But Mumford did not offer a clear way to talk about
the interrelations among those apparently ‘remote’ part of the environment.
Bourdieu’s relational thought offers a more developed approach to the analysis
of those very connections. In the radio example, some practices were supported
while others were marginalized by commercial interest, thereby leading to the
definition of radio as a primarily commercial and ‘broadcast only’ medium. How
power enables and disables practices around radio or any other technology
depends upon the players within the field and the moves that can be made at any
particular moment. As I have argued elsewhere, we know

to call the various kinds of wireless telephones [cellular, PCS, etc.]
‘phones’ instead of ‘radios’ because they are associated with the institutions
and practices of the phone system, despite the fact that they are themselves
wireless transmitters (which would theoretically, at least, make them
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radios). ‘Phone’ is really a linguistic shorthand for a whole set of related
institutions, technologies, people, and practices that are conveniently (and
perhaps necessarily) forgotten when we place our calls.

(Sterne, 2003: 182)

Thus, the most basic questions of technology are always social questions.
One could imagine a whole field that contained the totality of a society’s

technological practices, where technological production and consumption
would come together. Obviously, it is well beyond the scope of this essay to
suggest what such a field might look like, but there are a few things worth noting.
Like all bodily practices according to Bourdieu, technological practices are
socially stratified (see, for example, his discussion of the ‘field of sport’ in
Bourdieu, 1978). This is an obvious enough point: different groups of people use
different technologies in different ways at different moments. However,
Bourdieu carefully cautions against the substantialist fallacy where we come to
associate certain specific practices with certain groups. This can be seen today in
the argument that a particular technology is ‘gendered’ or ‘raced’. In fact, the
gender, race (and class) connotations of a technology and its associated tech-
niques can easily change over time, as is well illustrated by the history of the
typewriter. At different times, it has been the instrument of the elite and the
poor, a technology suitable mainly for men or mainly for women (see Jensen,
1988; Kittler, 1999). We could say the same thing for the racial connotations of
the sampler in popular music, or the gender and class connotations of the bicycle
(Goodwin, 1990; Rose, 1994; Bijker, 1995). Even the initial ideology of cyber-
space as ‘raceless’ has begun to shift over the past few years (Kolko et al., 2000).
A technology is always, at any given moment, socially located. It is always
implicated in social struggle.

A particular ‘practical sense’ organized through a series of technologies is
always conditioned by its social location and by forms of capital available for use
and under contest in any given field. The ‘practical sense’ of technologies, while
experienced at an individual and (dare I say it?) phenomenological level, carries
with it the sedimented social history of relations in which that technology was
once embedded, and the relations in which the experiencing individual is
embedded. The ‘techniques of the body’ and the mechanized, sedimented and
related techniques that make up technologies are thus, in Geertz’s phrase, social
‘all the way down’. They are eminently physical and socially durable, but as
practices they are also always undergoing a process of transformation based on
their actual use. As a concept, habitus helps us to approach the sociology of
technology as sociology first, and technology second. But to do so, we must in
turn consider the habitus as itself eminently social and political, which to say,
always grounded in a specific context.
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Conclusion: a social praxeology of technology?

Though I have focused here on Elias and Mauss, Bourdieu clearly blended
many intellectual influences in his own work, and the best way to honour him
is to continue down the path of intellectual heterodoxy. I hope this essay has
shown how his distinctive approach to social thought, what Loïc Wacquant has
called ‘social praxeology’ has much to offer technological scholars as a set of
working principles and intellectual orientations. So, although I will not close
with a call for a ‘more Bourdieuean’ approach to technology, the program-
matic reading I have undertaken in this essay could be distilled into the
following principles.

1.

To be intellectually effective, technology scholars must willfully construct their
objects of study, and not accept ‘pregiven’ objects or ‘prenotions’. This requires
us to try and make an epistemological break from the objects we study, so that
we do not simply describe them in their own terms. This is especially crucial for
technology scholars who are approached from all sides with pregiven objects,
approaches and programmes of study. Our job is to provide real insight into
technology as a social phenomenon. It is not to settle accounts in the field of
digital media, to extend analyses in the business pages, or to find new commer-
cial applications for producers of digital technologies – though there may be
appropriate times to address those different audiences in our work.

This requires that we attend to the ‘construction of the object’ in our
research. It means that we should take seriously the notion that even in so-called
‘critical’ research, research design is a central part of our work. We must also be
willing to make deep theoretical connections from unexpected places: ‘The
summum of the art, in the social sciences, is, in my eyes, to be capable of engaging
very high “theoretical” stakes by means of very precise and often apparently
mundane, if not derisory, empirical objects’ (Bourdieu, in Bourdieu and
Wacquant, 1992: 220). In other words, the relative prestige of an object of study
(for instance ‘science’ vs. ‘sport’) cannot in advance forecast the quality of
insights generated by the study of the object. It is on us, the researchers, to
construct our objects so that they address important questions.

2.

We cannot substantialize, ahead of time, ‘technology’ or ‘kinds of technology’.
Rather, our concepts of technology must be fashioned in response to the specif-
icity of the practices we study. An important corollary to this approach is that
‘theory’ and ‘research’ are, by definition, intertwined: theoretical reasoning
happens throughout the research process, but the research does not simply ‘test’
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a theory. Rather, it must be a constant give-and-take between the empirical
objects we choose for ourselves and the theoretical concepts we build to describe
them.

3.

Because technologies do not have an existence independent of social practice,
they cannot be studied in isolation from society or from one another. They are
embodied in lived practice through habitus, and so even the most basic ‘phenom-
enological’ aspects of technological practice and experience are themselves parts
of the habitus. Their nature (or artificiality, as the case may be) is second nature.
At the level of actual practice, technologies are always organized through (and
as) techniques of the body; and so the ‘form’, ‘use’ and ‘function’ of a technology
cannot be separated from the practices with which it is bundled. As part of the
habitus, technologies and their techniques become ways of experiencing and
negotiating fields. Technologies are always implicated in and shaped by social
struggles. Consider, for instance, the degree to which American welfare and
welfare-to-work policies favour those people who have cars, despite the reality
that the poor and jobless are the least likely to own an automobile (Ehrenreich,
2001). This apparent paradox reproduces a larger social logic – the privilege of
transportation by automobile in American society – by directly connecting
‘upward mobility’ with automobility. Moreover, as is usually the case, this ‘single
technology’ is actually tied to a whole range of technologies: the car is connected
to a road system, a semaphore system, a whole civic architecture built around
driving instead of walking, radio, telephony, and so forth – a point well docu-
mented by Langdon Winner (1986). Thus, the systemic marginalization of non-
drivers by welfare law is part of a much larger social-systemic marginalization of
non-drivers by cities in general. Technologies are always already social and always
already connected to other technologies – they exist within the always-shifting
totality of a technological field (this is a parallel argument to Bourdieu, 1988:
153).

Ultimately, Bourdieu’s work challenges critical technology scholars to let go of
our own investments in technology as somehow ontologically special, as somehow
a unique part of social practice or an object that by its very nature provides
special insight into social life. Even after the dot com euphoria has subsided, this
is perhaps the most difficult thing we could be asked to do. After all, what scholar
has not at one moment or another insisted upon the ‘specialness’ of his or her
object of study? Technology scholars are not only encouraged to do this by our
own typical academic hubris; we are also surrounded by institutional imperatives
to study technology, to study it in a certain ways, and to fetishize it as a matter
of particularly grand significance.

In accepting this challenge, we accept more hard work. We are forced to
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reconstruct technology as an object of study each time we encounter it in a new
context. For once we let go of technology as having some kind of inherent,
special significance in itself – we are thrust back into the messy questions of social
theory. A social praxeology of technology is really just a subset of social praxe-
ology, just as technologies are just particularly visible sets of crystallized subsets
of practices, positions and dispositions in the habitus. They are merely one sort
of ‘sedimented history’. Technologies may indeed ‘influence’ us, but only because
all of our actions influence our future actions. All of our actions – whether
creative or repetitive – are structured by enduring dispositions and techniques
of the body. While technologies may contribute to shaping practice, it is only
because practice is always shaped by the sedimented history within it, even as its
spontaneity becomes the basis for the creation of new practices, experiences,
and social relations. The reading of Bourdieu’s thought in this essay casts tech-
nology as a deeply and inextricably physical human enterprise. When we refuse
a conception of technology as ontologically special, we are set free to pursue it
as a fully constructed object of study. When we obliterate the long-imagined
distinction between technology and society, we are able to unite what is ordi-
narily separated and distinguish what is ordinarily confused.

Notes

* Many thanks to Carrie Rentschler for her careful reading of an earlier draft of
this essay, to Cindy Patton for her editorial wisdom, and to the students in my
Fall 2001 ‘Technology, Communication, and Cultural Studies’ seminar for
helping me shape my thoughts on the relationship of technique and technology
and the connections between Elias, Mauss, and Bourdieu.

1 I use the term ‘critical’ to avoid definitional questions such as ‘what counts as
a cultural study of technology?’ (For my answer to that question in the context
of Internet research, see Sterne, 1999.)

2 A note on usage. I have italicized habitus when referring to the concept (e.g.
‘Bourdieu’s notion of habitus’), and left it unitalicized when I mean it to designate
the referent of the term (e.g. ‘the habitus is a durable set of dispositions’).

3 The same could be said for his analysis of television’s powers of dissemination,
though I think here Bourdieu comes too close to the intellectual fashion of
denouncing dissemination qua dissemination: ‘When the information supplied
by a single news medium becomes a universal source of news, the resulting
political and cultural effects are clear. Everybody knows the “law” that if a
newspaper or other news vehicle wants to reach a broad public, it has to
dispense with sharp edges and anything that might divide or exclude readers’
(Bourdieu, 1996: 44). As Bourdieu points out elsewhere in the book, the
problem is not the fact of dissemination but rather the assumption that dissem-
ination requires this kind of condescending, ‘inoffensive’ relationship between
a medium and its audience. A hostility to dissemination in communication

04 rCUS 17-3&4 Sterne (JB/D)  Page 386  Thursday, July 3, 2003  1:47 PM



B O U R D I E U ,  T E C H N I Q U E  A N D  T E C H N O L O G Y 3 8 7

per se, as I have argued elsewhere, leaves intellectuals far too little room for
progressive visions of large-scale societies (see Sterne, 2003: 341–51).

4 Clearly, there are connections to be made between Elias’ interest in children
and Bourdieu’s (and his collaborators’) interest in the institutionalization of
education (Bourdieu and Passeron, 1977), but that is a topic to pursue else-
where.
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The Driver-car

Tim Dant

THE MOTOR car has become ubiquitous in late modern societies,
including the United Kingdom where 70 percent of the population
hold driving licences and there are nearly 23 million licensed cars.

Whereas in 1960 the majority of households (71 percent) did not have the
regular use of a car, by 1999 the majority (72 percent) did (DETR, 2000).
As long ago as 1963, Roland Barthes (1993: 1136) pointed out that the car
had become a ‘need’ not a luxury and in 1968 Henri Lefebvre (1971: 100)
called it the ‘Leading-Object’ in terms of its centrality within the culture of
modern societies. The car shapes the built environment, cuts through the
landscape, dominates the soundscape, is a key commodity in production
and consumption. Despite this prominence the car, unlike for example infor-
mation technology and its impact, has largely been ignored by sociology as
a component of social being and social action in late modernity (Hawkins,
1986; Dant and Martin, 2001; Miller, 2001a).

The car has been considered from two key perspectives in the social
sciences: first, as a commodity that exemplifies the development of produc-
tion in industrial capitalism1 and, second, as a commodity that exemplifies
the desired object that motivates consumers in late capitalism.2 Recently,
the issue of mobility has begun to direct attention to the car (Urry, 2000)
and a number of features of car culture have begun to be explored (e.g.
Miller, 2001b). What is surprising, however, is that the car has not attracted
much more than cursory commentary as an object that actually shapes the
form and content of social action (although see Elias, 1995). More often than
not, the car and motor traffic are used as a taken-for-granted analogy to
explain other social actions such as those of pedestrian traffic (e.g. Goffman,
1971). But the way that the car has introduced new forms of social action
in late modernity, thereby contributing to its distinctive nature, has not yet
been the focus of serious sociological attention. This article explores the
‘assemblage’3 of the driver-car as a form of social being that produces a
range of social actions that are associated with the car; driving, transporting,
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parking, consuming, polluting, killing, communicating and so on. The form
of social being that results from the collaboration of human and machine
has attracted the term ‘cyborg’ (Haraway, 1991; Bukatman, 1993; Feather-
stone and Burrows, 1995) but as I have argued before (Dant, 1999: 191–4)
the term ‘cyborg’ properly refers to the feedback systems incorporated into
the body that can be used to replace or enhance human body parts. Tim
Luke (1996: 17–19) develops Haraway’s ‘ironic political myth’ of the cyborg
to comment on the cultural and economic ‘dehumanization’ of the car
driver’s subjectivity as she or he becomes merged with a car to create a new
cyborg life form, the ‘car-and-driver’, but the idea of the cyborg tends to fix
and reify the assemblage. While the car can be seen as a mobility aid for
the able-bodied, human subjectivity is in no sense constituted by getting
into a car; it is a temporary assemblage within which the human remains
complete in his or her self. For the same reason it is unhelpful to think of
the driver-car assemblage as a ‘hybrid’, a term used by actor-network theory
(Callon, 1991: 139) and by others (Rosen, 1995, 2002; Dant, 1998; Urry,
1999) to refer to the collaboration of human and object forms. The word
‘hybrid’ refers to the offspring of two species that are usually unable to
reproduce whereas the driver-car is an assemblage that comes apart when
the driver leaves the vehicle and which can be endlessly re-formed, or re-
assembled given the availability of the component cars and drivers. The
term ‘hybrid’ is used more strictly (e.g. by Latour, 1996: 150) to refer to
entities that result from permanently combining similar types of object –
car commentators of course use the term in this way to refer to models that
combine two types such as the sports/utility vehicle.

The driver-car is not a species resulting from chance mating but a
product of human design, manufacture and choice. The particular driver-
car may be assembled from different components with consequent varia-
tions in ways of acting, and its modal form may vary over time and place.
However, despite variations, the assemblage of the driver-car enables a form
of social action that has become routine and habitual, affecting many
aspects of late modern society. The aim of this article is to begin to develop
a theoretical understanding of the way in which the assemblage is formed.
Neither the human driver nor the car acting apart could bring about the
types of action that the assemblage can; it is the particular ways in which
their capacities are brought together that bring about the impact of the auto-
mobile on modern societies.

In this article I will explore a number of ways in which the assem-
blage of the driver-car can be understood to begin to build an account of
the relationship between its components. Here the argument is theoretical
and tentative but it is intended that it will provide the basis for empirical
sociological investigation of the driver-car and begin to develop ways of
understanding other human/object assemblages. What is at stake is whether
social life is simply the result of relationships between human beings
forming into social groups or whether collaborations between human beings
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and material objects contribute to the formation of societies and give them
particular characteristics and features.

The Driver-car’s Affordances
In an article originally published in 1938, the ecological psychologist James
J. Gibson attempted to understand the process of driving a car. He devel-
oped a concept of the ‘field of safe travel’: 

It consists, at any given moment, of the field of possible paths which the car
may take unimpeded. Phenomenally it is a sort of tongue protruding forward
along the road. Its boundaries are chiefly determined by objects or features
of the terrain with a negative ‘valence’ in perception – in other words obsta-
cles. (Gibson, 1982a: 120, emphasis in original)

Gibson was concerned with how the driver’s perception of the road enabled
her or him to undertake the action of driving. The ‘field of safe travel’ is a
psychologist’s construct of what is presumed to be present in perception to
the successful driver. There is in this approach to the relationship between
the driver and the car a clear distinction between the object, which Gibson
treats as a ‘locomotion tool’, and the driver, who is treated as being the agent
of any ensuing action. The ‘tongue’ metaphor, which suggests some bio-
mechanical beast, is rather difficult to grasp from the perspective of a driver
but makes sense as a description of how the field is shown in the figures in
Gibson’s article. These are plan drawings of road situations that show the
orientation of cars to each other – a view that no driver ever has but one
that is reminiscent of the view from a police helicopter or that of a child
playing with model cars. For some of the cars in the figures a ‘tongue’ shape
has been drawn projecting in front of the vehicle to indicate the ‘field’ in
which the driver might expect to drive and have some sight of. The edges
of the field are curved around obstacles and its furthest edge is also curved.
Within the field is the ‘minimum stopping zone’ indicating the point at which
the driver knows she or he could stop the vehicle. If the field is character-
ized by a positive valence – the driver feels able to drive into it – obstacles
have a negative valence that Gibson calls a ‘halo of avoidance’ that can be
represented in the figures by ‘lines of clearance’ (Gibson, 1982a: 127).
These indicate how a driver would attempt to maintain a safe distance; the
closer their vehicle gets to the obstacle, the stronger the negative valence.

The plan view provides a disembodied, unengaged, godlike perspec-
tive on the array of objects – it is an object-ive perspective that separates
the car as object from the subjectivity of the driver. However, Gibson’s
discussion of the perceptual engagement of the driver does make some
sense. For example, the novice car driver has to learn to ‘anticipate the road’
by extending her visual attention by hundreds of feet to cover a ‘field’ in
which potential obstructions – the parked car, the child running towards the
kerb – are noticed. Within this visual field the driver is more continually
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attentive than to events happening behind or to the side of the car. Events
to the sides of the vehicle where it could not possibly be directed are not
usually registered at all. The limited field of action of the motor car – which
cannot move sideways – is overlooked by Gibson because his focus is on
the perceiving subject, the driver.

This early account of the process of driving treats the driver as
somehow independent of the car and its context. ‘Driving’ is treated as some-
thing that the human being inside the car does to the car, on the road. The
process is treated as predominantly psychological so that the car is
considered simply as a tool that is known and predictable. The ‘skilled
driver’ is also taken for granted, as are the sorts of activities and situations
that driving involves; in fact cars, drivers, driving actions and driving situ-
ations are all variable and change over time and from place to place.

There are two points in Gibson’s account at which the centrality of the
psychological process of driving is accepted as not the complete story. First,
he recognizes that the complexity of the process he is describing is way
beyond conscious cognitive capacity. As he points out, the driver of a
vehicle overtaking another on a road with two-way traffic has to estimate the
relationships between the speeds of three vehicles (her own, the overtaken
car, the oncoming car) and their continually changing fields of safe travel
in relation to the stationary road. What is involved is a processing of infor-
mation that Gibson remarks is ‘astounding’ (1982a: 130 fn10). Second,
while through most of the discussion the car is simply taken for granted as
a ‘tool of locomotion’, he does in one section recognize that the car itself is: 

. . . also a sort of field which yields a variety of perceptual cues and which
invites and supports specific actions. The impressions constituting it are
kinesthetic, tactual, and auditory, as well as visual, and they interact with the
impressions from the terrain to produce the totality of cues on which the
driving-process is based. The ‘feel’ of the car or the ‘behavior’ of the car are
terms which indicate what is meant by this particular field of experience.
(Gibson, 1982a: 134)

This begins to suggest an embodied relationship between the driver and the
car, but Gibson’s interest in the driver was focused; he wanted to be able to
contribute as a scientist to the debate about what skills drivers needed and
to help reduce the number of deaths on the road.

James Gibson is rather more famous for his later work in ecological
psychology that produced the concept of ‘affordance’ as a way of grasping
how animals, including human beings, relate to their material environment.
The notion of ‘affordance’ is a development of ‘valence’ that points to the
way that the materiality of an animal ‘fits in’ with some material aspect of
its environment; Gibson writes of the ‘complementarity of the animal and
environment’ (1979: 127). An object does not have affordance as a general
property (such as its weight or chemical composition) but affords particu-
lar things to the materiality of particular species. An armchair affords a bed
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to my cat but affords a seat to me; the cat’s size and arrangement of limbs
means that it can curl up and sleep soundly on the soft surface. The chair
is too small for me to curl up in – indeed humans do not curl up quite as
cats do – but does provide support for my bottom, back and arms, which is
one of the ways that humans take the weight off their legs and ‘sit’. Affor-
dance is then a relational (Mannheim, 1936: 254) concept rather than an
absolute one, and can be seen as a different expression of Mead’s concep-
tion of the physical objects in a field inviting human beings to take up an
attitude to them. Mead writes of objects such as the armchair ‘calling out’
to the human being to sit in them (Mead, 1962: 278–80; see also McCarthy,
1984; Dant, 1999: 120–3). Indeed, Gibson suggests that the origin of the
concept of affordance lies in Kurt Lewin’s term Aufforderunscharakter which
was translated by J.F. Brown as the ‘invitation character’ of an object
(Marrow, 1969: 56; Gibson, 1979: 138).

The motor car affords the human being locomotion and mobility, and
it affords the driver motility (the capacity to move spontaneously and inde-
pendently). The combination of mobility and motility that the car offers the
driver is akin to that offered by her or his legs, except that it requires little
effort, is much faster and can cover much greater distances. The affordance
of the motor car can be seen as a progression from that of the horse as a
means of transport for its rider, although the horse affords mobility over
rough terrain, whereas the car only affords it over fairly smooth surfaces.
The motor car affords mobility in a forward or backward direction; unlike
horses and helicopters it cannot afford sideways movement. As well as
extending the motility of the driver/rider, the car, like the horse, also has
negative affordances. The horse consumes oats, the car petrol, the horse
produces manure, the car fumes, both take up more space than the human
body, require periodic attention and somewhere to rest when not in use. The
horse, especially in a team or with a carriage, is, like the car, heavy and
dangerous to other animals and objects in its path.

The strength of the concept of affordance is that it establishes the
properties of material things in relation to a particular species. It treats the
world of objects and material forms as connected in ways that are enabled
or constrained by their physical properties – in this sense, it seems to ground
the relation in a ‘real’ world, prior to any human interpretation or construc-
tion of it. For Ian Hutchby (2001), the concept of affordance is preferable
to the textual metaphor so often employed in social construction of tech-
nology writing, because it allows for a realist, physical relation. As Gibson
himself put it: 

The affordance of something does not change as the need of the observer
changes. . . . The object does what it does because it is what it is. (1979: 139)

Horses and cars do not afford flying because, unlike birds and aeroplanes,
they do not have the physical capacity to move without a fixed surface
beneath them. Hutchby wants to incorporate the way particular objects
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constrain or enable particular courses of human action into sociological
accounts, rather than reducing such interaction with objects to the accounts
of what can be done with them (Hutchby, 2001: 450). The concept of affor-
dance entails the real, physical resistance of material objects to infinite vari-
ations in use by humans, whereas textual metaphors open up a potentially
limitless range of possibilities.

But the realism that the concept of affordance implies is of course
itself an interpretation. Affordance is a post hoc identification of possible
uses by a given animal; we know what an object affords because we know
what it can be used for. One of the major distinctions between human beings
and other species is their capacity for discovering the affordances of objects.
This includes, of course, adapting, modifying and designing the material
world to create affordances – this is one of the reasons why we come to have
motor cars and other animals do not. Other species do do some of this
discovering of affordance – as in chimps’ use of grasses to extract termites
from a hole – but human beings interfere with the materiality of the world
to shape it to their imaginations and their bodies. Gibson refers to this
emergent quality of affordances as being specified in perception, in
‘stimulus information’ (1979: 140). But the problem that Hutchby sees as
solved by affordance is of course circular; how we know that a particular
object is offering a particular affordance depends on what we know of that
object. And what we know is as likely to be based on textual experience as
direct experience. So, I can know that my MGB is likely to break away or
skid at the back at a certain speed, not because I have felt it or seen it
happen but because I have read it or been told it – it is ‘common know-
ledge’ among MGB drivers, even those who have learnt to drive on cars with
more modern and forgiving suspension systems, shared through conversa-
tions with other MGB owners.4 My visual perception is not a complete story;
it merely suggests possibilities about which I already know. My knowledge
does not derive simply from the stimulus in perception, as Gibson would
have us believe, because humans pass on knowledge in different ways from
other animals.

Gibson’s concept of affordance draws us into the complex collabor-
ation of a human and object assemblage such as the driver-car and it goes
some way towards rebutting a mind/body dualism by situating the coordi-
nates of physical action in the material world and resisting a separate, cogni-
tive, phase in which action is planned or programmed. Even so, it leans too
heavily in favour of the perceiving human as the source of agency, in
particular by treating designed artefacts as essentially the same as natural
objects. The presence of a chair in a room is not coincidental in the same
way that a rock convenient for sitting on might be. Chairs are designed,
made and placed by human beings following cultural patterns that are learnt
and reinforced discursively. That a particular chair is intended for a particu-
lar person or type of person may be designed into the chair (Dant, 1999:
79–81) or it may only become apparent by what one is told by someone else.
So human beings not only design objects to afford but also design human

66 Theory, Culture & Society 21(4/5)

04 046061 (jr/t)  15/9/04  1:06 pm  Page 66



beings to afford; school children are taught to respect the teacher’s chair
and not to sit in it. The object can also be designed to embody social
relations of power – to make the user act in certain ways.5 The teacher’s
chair can be designed to be distinct from an ordinary chair so that the pupils
are in no doubt about its possibly being just any chair that might afford
them sitting (in my primary school, the seat of the teacher’s chair was higher
than ordinary, with a foot ledge, so the teacher could survey the class while
sitting).

Alan Costall has tried to repair the concept of affordance by ‘social-
izing’ it (1995). He begins by pointing to the extent of human intervention
in the material world that has not only designed in affordance but has also
specified it, giving objects functions and meanings. He makes the point that
human beings learn affordances from each other, and that they police each
other’s uses of objects such that there is a ‘morality of things’ (Costall, 1995:
473). In a later article Costall attempts to protect the concept of affordance
from becoming too bound up in particular actions or uses with the term
‘canonical affordance’: 

A chair, for example, is for sitting on, even though it may be used in many
other ways, e.g. as firewood or for standing upon. The meaning of a chair is
defined by its name, sustained and revealed within certain practices and
realized in its very construction. It is meant to be a chair. (Costall, 1997: 79,
emphasis in original)

The emphasis in his assertion is not, however, sufficient to establish a canon,
certainly not one that my cat is going to respect when she curls up in my
chair. The policing of teachers’ chairs and academics’ armchairs is achieved
not simply by any affordance but by the use of the sharp word and the firm
hand.

Costall is trying to make the concept of affordance do more work than
it can. Of course, unlike material objects, the meanings of words can afford
just about anything given sufficient translation, but the notion of affordance
itself does not tell us anything about the rather more interesting social
relations with objects that Costall brings out; designing, making, adapting,
learning to use, maintaining, policing and so on. Cars may afford locomo-
tion and mobility but the myriad range of ways they do it is not explicated
by the concept of affordance. What is more, the mobility and locomotion of
the car are dependent on the affordance of a driver; it would be more precise
to say that it is the assemblage of driver and car that affords mobility. And
the complexity of the relationship between driver and car has many social
dimensions; it is designed, made, adapted, learnt, maintained, policed,
changes over time and varies with cultural context

The Driver-car Network
A more complex account of the relationship between human beings and
objects that redistributes agency between human beings and objects, is that
of Actor-Network Theory (ANT) associated with the writing of Latour,
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Callon, Akrich, Law and others. ANT can be understood as a reaction to
the sociologism of social studies of technology (SST) that had begun to focus
on the social construction of the material world of bakelite, bikes, bridges
and fridges (see e.g. MacKenzie and Wajcman, 1985; Bijker et al., 1987).
Rather than the technical world being revealed, discovered or invented by
individuals and subsequently shaping the social world, the social construc-
tion of technology (SCOT) perspective demonstrated that technological
innovation was frequently shaped by particular social conditions. The SCOT
approach emphasized the significance of a range of social actors – entre-
preneurs, businesses, advertisers, investors, government departments,
consumers – as all contributing to the shaping of technological develop-
ment. ANT supplemented this approach in three principal ways. First, it
identified the social relations involved in technological development as
networks – the various actors establish reciprocal relationships of interest
and power which affect how technological development proceeds. Some
local networks might be presented and represented as if they constituted a
single actor in other, more global networks (Law and Callon, 1992). Second,
ANT emphasized the linguistic or semiotic work of networks in achieving
technological development by pointing to the activities of inscription,
description (Akrich, 1992), translation (Callon, 1986a) and so on. Third,
and for my purposes most important, ANT treated material objects as actors
in actor networks. These ‘actants’ (Akrich) or ‘nonhumans’ (Latour) included
living organisms: microbes (Latour, 1988), scallops (Callon, 1986b) as well
as physical objects such as electric cars (Callon, 1986a), transit systems
(Latour, 1996), lighting systems (Akrich, 1992), aircraft (Law and Callon,
1992).

In the tradition of SST and SCOT, ANT not only enjoys an acronym,
it also focuses on technological projects – usually failed attempts to create
new systems! All three approaches treat material things as historically
emergent and the sociological account of the technology details social
actions – often discursive – that take place in an historical sequence which
is presented not as causal but as a changing context in which previous
events and interventions affect future ones. The approach is, then, develop-
mental or evolutionary, reverse-engineering the sequence of social circum-
stances to reveal the contingencies that led to a final state in the network.
This micro history (of a project or a technology rather than a society) reveals
the social character of changes in the material world and ANT adds to this
the material character of the physical components in the network. For
example in Michel Callon’s account of the attempt to develop an electric
car in 1970s France, in addition to consumers, companies and ministries
there are also ‘accumulators, fuel cells, electrodes, electrons, catalysts and
electrolytes’ (1986a: 22). These material components both contribute to the
work of the network and can resist development just as much as social
components such as organizations and cash flow.

The actor network is a set of links between heterogeneous elements
that are durable, either because of human interests or physical properties,
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but that can be modified or break down. To lift this way of thinking of actor
networks from the development of a new technology to a routine experience
such driving a petrol-engined car works remarkably well. The mobility of
the driver-car is dependent on the network of the car’s components and the
human driver’s capacities; there must be sufficient cash flow to provide the
petrol, there must be petrol available in petrol pumps nearby, the driver
must be able to get the petrol into the car and the engine must be in
sufficiently good condition for the petrol to be ignited and for combustion
to be translated into movement of the driver-car.

There is a network of driver, petrol company, petrol and car to which
the humans and non-humans must be contributing if the driver-car is to
achieve mobility. But without much investigation it is obvious that there are
all sorts of other networks entailed in this basic driver/petrol/company/car
network. So, within the car there is a network of spark plugs, ignition system,
crankshafts, gears, transmission and so on; these need to be able to trans-
late each other’s actions for drive to be achieved in the wheels. And at the
social level there must be no fuel tax protesters blocking deliveries to petrol
stations, there must be a sufficient supply of crude oil being sold by the
OPEC countries and there must be a system for taxing the fuel to contribute
to the social costs of the driver-car. ANT has a way of dealing with the poten-
tially infinite proliferation of actors and networks; it ‘black-boxes’ networks
that appear or are presented as a single entity within a particular network
(Callon et al., 1986: xvi; Latour, 1999: 304). So the workings of the car and
the process of the petrol industry are black-boxed in the routine of the filling
up with petrol and driving off. These networks are only attended to by the
driver-car when something goes wrong; when there is no petrol to be bought,
when prices change, when the car won’t start, when the performance of the
car is poor.

The concept of affordance does not offer any account of the dynamics
of relations between humans and objects; it overlooks the fact that they
change over time and according to social context. This temporal and
variable dimension is provided by actor-network theory in which the
relationship between human and object is seen to evolve and to bring about
changes in the possibility of social action. But actor-network theory treats
the relationship between humans and objects as always mediated through
some form of language. In some cases this is the text of a report by an
engineer or a publicity statement, at other times it is the speech of a key
human actor who describes the actions of various actors in the network –
including the non-human ones. But very often the textual gloss is created
by the actor-network theorist and it is articulated with an irony and play-
fulness that distances the reader from the activities and operations of the
material objects. Even more striking is the general absence of any attempt
to explore how the human and the non-human actors interact. There is no
reference to video or observational data,6 no account of how things work or
how people use them, but there are plenty of concepts, diagrams and
allusive summarizing comments. The only social action reported for all the
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actors in the network, human and non-human, is communicative. For ANT
this is always treated as a process of ‘translation’; human actors ‘delegate’
tasks to technical objects and the objects operate as ‘scripts’ that regulate
human action or act as ‘intermediaries’ linking nodes in the network. ANT
expands on the social and historical character of affordances but tells us
little about the lived nature of human beings and objects.

One of Latour’s examples of the merging of humans and non-humans
derives from the debate over whether guns kill people or whether it is the
people with the guns who kill: ‘Which of them, then, the gun or the citizen,
is the actor in this situation? Someone else (a citizen-gun, a gun-citizen)’
(1999: 179, emphasis in original). As Latour points out, the human agent
is transformed by the possession of the gun, but the gun is also transformed
by being in the hand of someone willing to use it. The programme of action
of both subject and object is transformed once they come together –
combined they may act towards a quite different goal than either could have
achieved independently. It is in this sense that the assemblage of the driver-
car brings about a form of social being and a set of social actions that is
different from other forms of being and action. But a problem with actor-
network theory and Latour’s various theorizations, is that the difference
between humans and non-humans is left unclarified. For example, with the
citizen-gun Latour asserts: 

Purposeful action and intentionality may not be properties of objects, but they
are not properties of humans either. They are properties of institutions, of
apparatuses, of what Foucault called dispositifs. Only corporate bodies are
able to absorb the proliferation of mediators, to regulate their expression, to
redistribute skills, to force boxes to blacken and close. . . . Boeing 747s do
not fly, airlines fly. (Latour, 1999: 192–3)

This is a strange formulation for a number of reasons. First, it is unclear
what birds are doing when they fly, or the individual owner/pilot – it is not
a requirement of flying (or car-driving) that there be an institution or corpor-
ate body. Having a gun licence, a pilot’s licence or a driving licence indi-
cates a dispositif that sanctions certain actions but does not, for example,
initiate or direct them. Second, the human is, like the bird, itself an object
– it is embodied. This means that it acts as an entity in itself – it is corpor-
ate in itself, has ‘non-human’ properties as well as ‘human’ ones. Third, the
disposition to act does not need to be reduced to a single mental act, a moti-
vation for example, for it to be attributed to a person; a body that exercises
intentions. Fourth, Latour is threatening the possibility of free will, of inten-
tionality and the operation of choice, which is normally taken to reside in
human beings but not in objects.

The car itself may ‘act’ (by going slowly or pulling to the left) but we
do not attribute this to the intention or choice of the car (or the engine, or
the steering). Of course, some non-humans do have a measure of intention-
ality and the riders of horses will attribute the slowness of the horse to its
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intentionality (reluctance to ride away from food and home, keeness to ride
towards food and home . . . ).7 But objects that are lifeless, especially arti-
ficial objects like cars, do not have any intentionality of their own. However,
one of the features of artificial objects is that they are made by people who
do have intentions. These intentions are designed and made into the object.
In this sense, all non-humans become imbued with human intentionality;
guns are intended for killing, cars for driving. Horses, once trained, fed and
saddled, become non-humans that have taken on some human intentional-
ity for riding. One of Latour’s favourite examples is the ‘sleeping policeman’
or speed bump, an object which polices the use of cars (1992: 244; 1999:
188)8 by clearly interrupting the normally smooth surface of the road
causing the car to bounce if it is driven over the bump too fast. For Latour
the ‘actant’ of the speed bump ‘slows down cars or damages them’ (1999:
188); it works as a ‘delegation’ because it ‘stands in for an actor and creates
an asymmetry between absent makers and occasional users’ (1999: 189).
Another rather simpler and more ordinary way of expressing this is to
suggest that the intentions of the local authority to persuade cars to slow
down are built into the object. That it is intended is demonstrated by its
building; it is straight and of consistent dimensions, often marked by lines
or triangles and often accompanied by warning signs at eye height. It is not
likely to be confused with an unintentional bump such as one caused by
poor road laying, even though the effect on the vehicle may be exactly the
same.

Latour, in keeping with the tradition of the sociology of science, is
keen to claim symmetry between human and non-human. But just because
the actions of people often occur within the shaping and limiting context of
institutions does not mean that humans are equivalent with non-humans.
Latour’s enthusiasm for recognizing the significance of non-humans draws
our attention to the contribution that they make to human lives, history and
society. His aim of recognizing how humans and non-humans are enfolded
is interesting and persuasive. But despite his analysis of the failed Aramis
transport system that Latour describes as a ‘car-without-a-driver’, an ‘assem-
blage of things’ (1996: 57) and ‘a quasi-object, quasi-subject’ (1996: 213),
he leaves much unsaid about the routine, everyday, lived, embodied
relationships between human beings and the material objects around them.

The Embodied Driver-car
Maurice Merleau-Ponty argues against a cognitive understanding of percep-
tion to show that the senses cannot be understood as machinic receptors
that interface between an inner being and the outer world. What his
phenomenology upsets is the ‘common-sense’ notion of the outer world
having a fixed geometry and stable order of relations that are given to human
beings through their senses. Instead he shows that perception is situated
and oriented to the kinaesthetic awareness of body so that, as he puts it, the
body is ‘geared’ to the world, which is how it becomes available to the
senses. This way of understanding the embodied experience of the material
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world emphasizes that the continuity of the world is because our bodies have
a history of sensuous experience that we carry into the next moment.
Merleau-Ponty sums up the embodiment of human being like this: 

There is, therefore, another subject beneath me, for whom a world exists
before I am here, and who marks out my place in it. This captive or natural
spirit is my body, not that momentary body which is the instrument of my
personal choices and which fastens upon this or that world, but the system
of anonymous ‘functions’ which draw every particular focus into a general
project. (Merleau-Ponty, 1962: 254)

He goes on to point out that this embodied orientation to the world that
human beings carry into each moment, is not simply given at birth but is
perpetually modified. Put this way we can see that the human component
in an assemblage such as that of the driver-car brings to the relationship
qualities that cannot be read off from either the mechanical or sense func-
tions of the body.

Merleau-Ponty’s understanding of perception is not dependent on indi-
vidual senses generating disembodied information but on the mutual effect
of all the body’s senses bringing about a state of perception that depends
on bodily memory.9 What Gibson saw as ‘astounding’ in the way that a driver
can process information while overtaking is of course routine for people who
drive regularly on two-lane major roads. The perception of road, other
moving objects and embodied movement depends not on processing data as
a machine would, but through experiencing the process in relation to bodily
memory. For Merleau-Ponty the relationship between us and the phenom-
enal world of experience is best understood as like ‘communicating’ with it: 

. . . every perception is a communication or a communion, the taking up or
completion by us of some extraneous intention or, on the other hand, the
complete expression outside ourselves of our perceptual powers and a coition,
so to speak, of our body with things. (Merleau-Ponty, 1962: 320)

Nonetheless, a key communication between driver, car and road depends
on visual ability; lack of sight is a bodily deficit that cannot, yet, be compen-
sated for. The driver looks out from their seat in the car through a quadrant10

at the world rushing towards her at a variety of speeds. Whereas for Gibson
(1982b) it is a matter of the way that the image of the world is deformed on
the retina of the eye as it moves through space, for Merleau-Ponty visual
perception is an orientation of the whole body to the world through which
it moves.11 What is perceived in the visual field is complemented by the
kinaesthesia of the body and its trajectory as a whole, by the sounds of the
engine, the road and the wind on the car, by the resistance of steering wheel,
accelerator and brakes – even the feel of the road through the wheels of the
car. So, our visual perception of the ‘sleeping policeman’, or even the sign
indicating the presence of speed bumps, is tied to previous experience of
the feel of the car going over bumps.
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To think of driving as requiring the processing of enormously complex
information selected and filtered through the visual field, sufficient for safe
control of the vehicle, makes it seem astounding. Yet it is a readily achieved
skill by most human beings – very few people cannot learn to drive provided
they have sight. The process of driving is largely habitual,12 an embodied
skill that becomes a taken-for-granted way of moving through space – it is
at between, roughly, 30 and 70 miles an hour that the driver-car in modern
societies conquers space. Many competent drivers find slow speed driving
difficult and disorienting and exceeding their usual top speed disconcert-
ing. The gearing and steering mechanisms of most cars are also designed
to work best within this speed range. The driver’s sense of how fast they are
going and what speed the road conditions will permit, becomes a skill
embodied through the vehicle, not only its dials and controls but also its
sounds and vibrations. Merleau-Ponty describes how the feather in a
woman’s hat, a blind man’s stick and the driver’s car, are objects incorpor-
ated for the action in hand: 

To get used to a hat, a car, a stick is to be transplanted into them, or
conversely, to incorporate them into the bulk of our own body. Habit expresses
our power of dilating our being-in-the-world, or changing our existence by
appropriating fresh instruments. (Merleau-Ponty, 1962: 143)

So the human driver is habitually embodied within the car as an assem-
blage that can achieve automobility.13 The driver-car can take on board
friends, family, pets, shopping, a change of tyre, a change of clothing, as it
moves into the world of roads, signs, other cars, buildings and so on.

The embodied orientation to a world of rapidly moving objects from a
sitting but rapidly moving position is something that must be learnt.14 Just
as the child learns to walk, to run, to ride a bike and in so doing expands
her or his engagement with the physical world, so the young person learning
to drive will delight in that shift in their embodied relationship with the
world that goes with driving the car, moving at a speed impossible without
assistance to the body. For Merleau-Ponty, perception in movement, such
as that necessary for driving, is dependent on orientation to varied fixed
points – such as the road, lamp-posts, the dashboard, other vehicles. He
says ‘motion is a phenomenon of levels, every movement presupposing a
certain anchorage which is variable’ (Merleau-Ponty, 1962: 279). Percep-
tion in movement is not about the objective judgement of distance and speed
but about noting the changes from one moment to the next.

Some people seek such transformations of bodily experience simply
for its own pleasure; the modern horse rider, the windsurfer, para-glider and
so on. But driving a car is an experience that becomes entwined, for most
drivers, in everyday practice such that it becomes ordinary and the re-orien-
tation of the body to the rest of the material world ceases to be remarkable
or pleasurable in itself.15 Of course there are people for whom this type of
transformation of bodily experience in the world is unbearable – they are
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unable to overcome their fear and disorientation and so avoid the experi-
ence of driving.

The embodied orientation to being in a fast-moving object in a
restricted space with other fast-moving objects is a cultural phenomenon
that has become characteristic of late modern societies. The driver assem-
bles their learnt skill with the functionality of a car so as to be able to ‘enter
a narrow opening and see that I can “get through” without comparing the
width of the opening with that of the wings, just as I go through a doorway
without checking the width of the doorway against my body’ (Merleau-Ponty,
1962: 143). For most people in late modernity the experience of the driver-
car becomes an aspect of bodily experience that they carry into all their
other perceptions and engagements with the material world in a way that
they take for granted and treat as unremarkable. The car does not simply
afford the driver mobility or have independent agency as an actant; it
enables a range of humanly embodied actions available only to the driver-
car.

Conclusions
The driver-car is neither a thing nor a person; it is an assembled social being
that takes on properties of both and cannot exist without both. I have argued
that to understand driving as dependent on the mechanics of perception
puts the emphasis on the presumed cognitive capacities of human beings
whereas the concept of ‘affordance’ suggests that there is a prior physical
relationship. But to treat the car as offering affordance to its driver obscures
the complex social process in which human intentionality creates affor-
dances in objects such as cars – and in human beings such as drivers. Actor-
network theory begins to open up the social history of connections between
human beings and objects that bring about technical systems such as the
driver-car. But ANT transforms such interactive and embodied relationships
into ones that are textual and symmetrical, and threatens to attribute
equivalent agency to humans and non-humans. Affordance hints at a
dualism between mind and body that ANT counters forcefully but ANT
overlooks the materiality of bodies, and the intentionality of subjectivity
under the cover of dragging all materiality equally into society. I have argued
that Merleau-Ponty recognizes the embodied and intentional nature of
human relationships with objects without putting the apparatus of percep-
tion between minds and the material world. The assemblage of the driver-
car produces the possibility of action that, once it becomes routine, habitual
and ubiquitous, becomes an ordinary form of embodied social action. People
who have become familiar with the driver-car through participating in the
assemblage become oriented to their social world, partly at least, through
the forms of action of which it is capable. Social institutions – legal systems,
the conventions of driving, traffic management – develop to embed the coor-
dinated habits of driver-cars within the social fabric. The use of cars is not
then simply functional, a matter of convenience, nor is it reducible to
individual, conscious decision. Like the wearing of clothes or following
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conventions of politeness, the actions of the driver-car have become a
feature of the flow of daily social life that cannot simply be removed or
phased out (like dangerous drivers or leaded petrol).

As political concern responds to the threats to life and environment
of the car powered by fossil fuels, it is important to recognize that the car
is not simply a mode of transport and that any call for a ‘shift’ to more eco-
logically sound mobility requires much more than rational choice about the
consequences of different forms of transport. The automobility that is
realized in the driver-car serves as both an extension of the human body
and an extension of technology and society into the human. The driver-car
is socially embedded as a system of affordances, actor networks and embodi-
ment that is not going to be foregone or forgotten easily. The object of the
car is likely to undergo a dramatic transformation within the next few
decades,16 yet even if the weight, body shape, controls, engine and fuel are
transformed, it seems likely that the driver-car will continue to include an
object on wheels in which a human being can sit and, with simple adjust-
ments of peripheral limbs, steer and direct to go faster or slower. Both the
technology of the motor car and the skills and techniques of the driver may
be superseded or improved – as have the horse/rider and walker/shoe – but
some form of driver-car is likely to remain.

The symbiotic relationship between driver and car is one that has
transformed the material environment and the nature of sociality in late
modern societies (see Dant and Martin, 2001) and it is unlikely that it will
be put aside easily. The empirical nature of the driver-car – including its
status as a form of mobility capital17 – deserves urgent study so that policy
discussions take into account what is entailed in bringing about a ‘modal
shift’ to more sustainable forms of transport and mobility. The study of the
driver-car will also contribute to an understanding of the various assem-
blages that intermediate between the persons and societies of the late
modern world.

Notes

1. See, for example, Chinoy (1955), Goldthorpe et al. (1968), Beynon (1973), Flink
(1975, 1988), Altshuler et al. (1984), Gartman (1994).
2. See, for example, Barthes (1993 [1963]), Lefebvre (1971 [1968]), Sachs (1992),
Liniado (1996), O’Connell (1998), Thoms et al. (1998).
3. Any connection with Deleuze and Guattari’s (1988: 73) notion of the ‘machinic
assemblage’ is, of course, coincidental.
4. Sharrock and Coulter (1998: 155) made the same point in relation to bananas,
e-coli bacteria and mothers.
5. This is a recurring theme in Latour’s writing about seat-belts, hotel key-fobs,
sleeping policemen and the Berliner key (Latour, 1991, 1992).
6. Latour does have some photographs of the Aramis transit system (1996) and
photographs that are integrated into the description of the scientific fieldwork that
show humans interacting with objects (1999).
7. There are clearly degrees of intentionality that can be ascribed or discerned in
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animals – horses demonstrate some, scallops do not. Nonetheless, Michel Callon
writes that the scallops in St Brieuc bay ‘must first be willing to anchor themselves’
(1986b: 211); yet in what follows there is no account of how the scallops exercise
intention or will. Because the scallops’ resistance to anchoring is not consistent –
some do, some don’t – Callon is able to impute intention to their individual behav-
iour, as if the scallops were exercising intention. Since scientists count the number
of anchoring larvae Callon treats the process as symmetrical with the election of
representatives. He might as well treat the counting of road deaths as equivalent
to the election of representatives. Electors demonstrate intention in their action,
scallops that anchor and people who die on the roads are succumbing to circum-
stances independently of their intentions.
8. Latour claims that the bump in the road known as a sleeping policeman ‘does
not resemble one in the least’ (1999: 188). I’ve always fondly imagined a police-
man asleep under the tarmac, causing an elongated and solid lump much as if he
was under a duvet. Another way of thinking of it is that the effect on the car is
much the same as if one had driven over a policeman.
9. ‘The body is borne towards tactile experience by all its surfaces and all its organs
simultaneously, and carries with it a certain typical structure of the tactile “world” ’
(Merleau-Ponty, 1962: 317).
10. Car windscreens are nowadays usually curved and slanted, indicating the
driver’s visual zone of attention as much as significantly improving airflow.
11. Sight may lead this orientation to other objects so the driver’s eye may take a
‘hold’ on an object and has a ‘certain power of making contact with things’ but their
visual presentation ‘is not a screen on which they are projected’ (Merleau-Ponty,
1962: 279) as a train passenger’s view might be construed.
12. ‘. . . habit . . . is knowledge in the hands, which is forthcoming only when bodily
effort is made, and cannot be formulated in detachment from that effort’ (Merleau-
Ponty, 1962: 144).
13. Don Ihde suggests that the car becomes a symbiotic extension of the body of
the driver (1974: 272).
14. ‘Motion is a modulation of an already familiar setting’ (Merleau-Ponty, 1962:
277).
15. Although there are of course many people who take pleasure in dealing with
cars and driving, as is shown by the range of car magazines and television
programmes devoted to cars (but not washing machines and other less pleasurable
objects). Many people gain pleasure from driving – but there is no reason to suggest
that the non-human components in the assemblage gain any such pleasure.
16. See for example the fascinating discussion of the Hypercar in Hawken et al.
(1999).
17. The driver-car represents an accumulation of physical, financial and social
resources that is controlled by an individual but operates in the public context of
roads, traffic systems and taxes. A study of the variations in the mobility capital
entailed in the driver-car would bring out its inflected forms (gendered, aged,
culturally specific, powerful, protected and so on) as well as providing a basis for
comparison with other mobile beings such as the passenger, the pedestrian and the
cyclist. It would also highlight the social exclusion that results from relative lack
of access to mobility capital.
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Back to the Drawing Board
Inventing a Sociology of Technology

Cornelis Disco

Introduction

One of the great lapses of the sociological imagination has surely been an ap-
preciation of the role of technology in society. The “founding fathers” – if we
may except Marx – paid it scant attention, and their intellectual descendents
have done little better. Mark Shields says:

The vital sociological traditions of theorising about phenomena such as
the state, power, social class, ideology, division of labour, religion, revo-
lution ... have barely touched technology. This is a stunning omission.
Shields 1997, 188)

What is stunning is of course the lack of interest in a phenomenon which by all
accounts has been one of the prime levers of change in modern societies. The
classical mission of sociology, to offer a new reflexive self-understanding for
post-feudal, industrial societies, would seem to encourage sociologists to po-
sition the study of technology at the very centre of their intellectual pro-
gramme. Instead, they have marginalised and disdained technology, treating
it as a trivial corollary of economic or scientific rationality,and of sociological
relevance only insofar as it had effects on other societal patterns (Ogburn
1922; Gouldner and Peterson 1962). Technology has been taken seriously as a
sociological phenomenon itself by only a very few sociologists (Gilfillan 1935;
Noble 1984). For the most part, it has been left to renegade traditions like
Marxism and labour-process theory (MacKenzie 1984), recently reinforced by
the new social studies of technology (SST) to unpack the “black box” of tech-
nology and reposition it as an authentic societal phenomenon. However,
these traditions have adopted more or less sectarian standpoints with respect
to mainstream sociology and have reinforced, rather than weakened, socio-
logical prejudices regarding the ontological and epistemological “otherness”
of technology.1
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This is not the place to dwell on the many reasons for the suppression of
technology in the sociological project. What we can do here is examine how,
given the nature of technology and the deep structure of academic sociology,
technology might be incorporated into the sociological program in a way
commensurate with its societal importance.

As to the nature of technology, it is now clear that it is far from the straight-
forward means (or set of tools) that sociologists have generally taken it to be.
We shall have occasion to dwell on this point in connection with four “tech-
nological parables”in the following section.As to the “deep structure”of soci-
ology, I take that to refer to the essential opposition between (or dialectic of)
agency and structure which has been the primal matrix of social theory from
the times of Adam Smith, Karl Marx, Emile Durkheim, and Max Weber on-
wards. In its classical form, this dialectic posits a mutually constitutive rela-
tionship between individual human beings (or social groups) and a larger so-
cial collectivity. It is a compact way of accounting for, on the one hand, social
order and stability (i.e., the Hobbesian problem of how numerous individu-
als, often at cross-purposes, can maintain stable patterns of interaction) and,
on the other, social change (how those stable patterns can evolve or even be
dramatically transformed). The scheme expresses a relation between situated
social action (agency) and an order of sedimented norms, role expectations,
laws and … technologies (structure). The relation is such that social action is
shaped and given meaning by these sedimented structures, but also that so-
cial action in turn impinges on social structure, either reinforcing it or caus-
ing it to change: i.e., to evoke new patterns of interaction and new sedi-
mentented structures.

Traditionally, this scheme has tended to apportion different types of enti-
ties to the poles of agency and structure, respectively. Humans, defined as
uniquely endowed with consciousness and intentionality, have been seen as
the primary, if not the only, sources of social agency. Non-human entities,
e.g., texts, beliefs, and material objects and systems, have been apportioned to
the sphere of structure.Technology thus becomes a feature of the sociological
landscape rather than an actor on the historical stage. The scheme has also
defined human beings as the sole makers of society. Bruno Latour has at-
tacked this “modernist purification” with vigour and imagination (Latour
1990,2002).For him and others, it has been sufficient reason to reject the soci-
ological tradition tout court and to turn to one other metaphysics of the so-
cial. One may ask to what extent this is necessary or helpful. This depends on
the answers to three additional questions: Is there good reason to challenge
the traditional attribution of entities to the categories of “agent” and “struc-
ture”? Would such a re-attribution violate the logic of the dialectic or impair
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its sociological work? Is the dialectic of agency and structure the right center-
piece for a science of society; i.e.,would the conceptual work of re-attribution
be worth it? Is sociology worth saving for technology? Given what the field of
Science and Technology Studies has revealed about technology over the past
thirty years, it is clear that the answer to the first question must be “yes”. The
“technology parables”to be presented below merely confirm this. I will argue
that the dialectic of agency and structure is not essentially implicated in any a
priori ontological distinction between humans and nonhumans. It can work
as a formal and methodological scheme quite apart from the contingent attri-
butions of types of entities to one or another of the poles. Finally, in regard to
the question of whether sociology is worth the effort of manipulating its
DNA, I suggest it can be done; I also think it should be done, if only because so-
ciology’s foundational agency-structure dialectic is still the only approach
which incorporates elements of psychology, economics, and history into a
unified metaphysics of social action. Sociology provides the only potentially
unified approach to modernity as an achievement (or catastrophe) leaving
traces in time. It is worth having a world in which one can have one’s nonhu-
man actors and eat the cake of sociology, too.

Technologies

To address this issue, it will help to have a concrete image of what we are talk-
ing about. Following are four stories about material artifacts, i.e., constructs
intelligently designed to perform some specific function or task (whether or
not they are held to do so in practice).

Palm organizer

Imagine having your daily schedule, important phone numbers, lists,
meeting times and more in one organized place. It’s easy and more af-
fordable than ever with the Palm™ IIIe handheld.
–  advertisement for Palm. (www.palm.com)

Up front, advertisements for electronic organisers like the Palm series pro-
duced by 3com Inc. portray the new gadgets as productivity enhancers, as
tools for organising fragmented lives. The Palm lets us apportion our time in
advance. Its literal electronic memory “backs up” our own spotty faculties
and infallibly reminds us of what we are to do and when we are to do it.At the
same time, the volatility of electronic memory, the ease with which informa-
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tion can be erased,edited,and replaced makes it a highly flexible tool for time,
task, and contact management.

Palm Inc. maintains a website including, among other things, a collection
of customer testimonials.2 These reveal that Palm organizers enhance the ca-
pabilities of users, but also change their relationships to themselves and oth-
ers. The testimonial writers invariably experience this as a positive change
and consequently tend to fawn over their new “digital pals”.

USER 1

I am a female sales professional working 50-60 hours while at the same
time trying to manage a home, 2 small children, a marriage, etc. I live to
be organised but sometimes have trouble keeping it all together.
I ...charged it and began to enter data.Within hours, I had entered my
year 2000 appointments, approximately 75 important dates (birthdays,
etc), my children’s school calendars, before- and after-school activities,
not to mention several customised “to do”lists (daily, weekly, monthly,
annually, biannually, etc). Needless to say, I have fallen in love with it...
Thank you, Palm Computing, for making organisation so much fun!!! 

USER 2

I work in the internet financial services industry and as such have to
manage multiple and diverse projects, initiatives and issues. I am always
on the move, in meetings or visiting outside the bank. Information is
critical to ensure that details are not missed and that I can speak intelli-
gently about the issues. There is invariably insufficient time to prepare,
so having the information at my finger tips just as I last saw it on my lap-
top is absolutely critical for me.
Here is why my Palm V organiser is now a critical part of my life.

1 It fits in my pocket... I always have it with me.
2 Easy-Sync: I HotSync with Lotus Notes R5 and individuals across the

Bank can view my schedule. I have a custom folder in Notes where my
daily news from Slate and CNN are placed by a Lotus Notes “rule”. I then
HotSync that folder with the Palm V organiser and can read those news
emails on the Palm V organiser on the subway.

3 Inforover: I read news from Associated Press daily as well as the BBC web-
site so always up to date on news.About 800 – 1000K daily download.

4 Project@Hand: All our projects recorded in Project 98 are HotSync’d on
my Palm V organiser so in meetings I am always prepared with the full
details.

5 Thoughtmill: I use this for capturing thoughts and ideas for future refer-
ence.Very cool outliner.
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6 UltraMoney: Lastly I am so busy I never remember to balance my bank
account, so now I view my bank statement in the Palm V organiser which
comes from the internet via MS Money 99.

These are paeons of praise in a utilitarian mode. However, they contain sub-
texts which delineate some of the ironies attached to inviting a machine in to
help organise (run?) your life. One of these ironies is the question of who (or
what?) is organising what (or whom?). For example, what kind of self-disci-
pline is involved in using a Palm as a tool and what is it like living with the
tyranny of infallible and literal memory? Who may co-opt this memory in or-
der to discipline the user across spans of space and time?

User 2, for example, begins with standard praise for the Palm as a “produc-
tivity tool”. However, the subsequent description of the Palm-in-use as a
“critical part of my life” makes us wonder what kind of tool this is. It seems
that in order to use it in the volatile context of the financial services industry,
user 2 must subject himself to a strict daily regimen of data gathering and di-
gesting. Given how much of his workaday efficacy is delegated to the Palm,
anything less amounts to functional failure of user 2 in his business context.
User 2’s subtext contrasts with the paeon to efficiency in the main text; it is ac-
tually a confession of subjection to the device. Perhaps this is not adequately
put. The point is that the Palm organizer enables user 2 to arm and discipline
himself in accord with his employer’s needs. The impression is not that user 2
thus “wins time”for himself but rather that, thanks to the pervasive role of the
Palm in his life, user 2 is able to mould himself into a more perfect employee
of the bank (and hence,presumably,advance his career).The Palm thus effec-
tively becomes a personalised tool for translating the demands of employ-
ment into a self-imposed regime. But then whose tool is it, and what exactly is
the status of a human actor “armed” with a Palm or, perhaps, “chained” to a
Palm and subject to its tyranny of perfect memory?

This simultaneous exercise of self-discipline and other-discipline by
means of the Palm also extends to private and romantic matters, as the fol-
lowing citation suggests.

USER 3

I’ve just received a Palm III™ connected organiser as a Christmas gift
from my husband and I must say I am in love... Not only have I dumped
every contact name I have into to this sexy device, but the design of this
device fits my hand like a new friend.
Although my husband does not mind my new found love affair, he has
insisted that I pre-schedule time with him and is quite pleased with him-
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self over the control it provides him to gain access to my schedule. He has
even pre-programmed a year’s worth of scheduled “dates”and set up the
beeping mode, so I won’t forget.What a sweetie, xxoo.
PS: He doesn’t know a thing about computers, so he must have worked
late into the night to figure out how to enter in all the information and
get it to work.
Great work in the design and layout.All I can say is ooh-la-la.

In this three-player figuration (user 3, her husband, and the Palm) the Palm
mediates the availability of user 3’s time. In particular, the husband has co-
opted the Palm to stake romantic claims to his wife’s “schedule”, claims which
user 3 coyly allows the Palm to register and which she suggests she will honor.
But explicit sex seems reserved for the Palm itself. User 3 claims to be “in love”.
But is she in love with her husband for giving her the Palm or in love with the
Palm? The husband is “a sweetie”, but the Palm is “sexy”, it is “a new friend”,
and all user 3 can say is “ooh-la-la”. Is user 3 simply the Emma Bovary of the
informatics era, or does she constitute a new exotic-erotic kind of cyborg to-
gether with her Palm? Is the nature of the Palm, its “features”and “design”, re-
sponsible for this romantic drama? 

What do we learn from this? In the first place, that we need to take a second
look at the facile ontological division between humans and “things”. This
does not mean throwing it overboard without further ado.The Palm testimo-
nials suggest that it is often difficult to decide who (or what) is programming
whom (or what).The human agent disciplines the Palm to provide certain in-
formation on call, but the Palm subsequently turns around and disciplines
the human.

What can we mean when we say the Palm “disciplines” the human? It is a
simple enough matter to assert that the Palm is an “agent”and thus “acts”, but
what does this mean sociologically speaking? Few would be prepared to en-
dow the Palm with the same quality of sentience and reflexivity as ourselves,
so that its “acting”must be of a different order. It is clear that a Palm devoid of
a human is meaningless; it is simply an orderly configuration of elements
with particular performative potentials. This does not hold for the inverse,
i.e., a human without a Palm – however much Palm Inc. may try to convince
us otherwise. So – as long as the device is working to rule – agency can be attrib-
uted to the Palm only in a derivative and ironic sense. The Palm acts on its hu-
man operator,but only by a kind of blanket permission,on the basis of a prior
compact by which the human sets the Palm up to exert discipline over him- or
herself at some future time. The agency of the Palm thus derives from the vol-
untary submission of the human to demands made by a past self on a future
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self. The Palm’s infallible memory becomes an instrument for storing de-
mands on and information relevant for the future self. Like Marx’s worker,
the human actor is confronted by a temporarily alienated form of his own in-
tentionality locked up in the microcircuits of the Palm. Could this be the
(narcissistic) secret of the Palm’s erotics? Inasmuch as the future is unpre-
dictable, the moment at which the Palm presents its alienated demands may
be totally inappropriate and may conflate past and present in odd ways. This
amplifies the illusion of the Palm’s own agency. The Palm cannot of course do
more, nor less, than it is instructed to do, but the precise circumstances in
which it does what it must can change the original meaning of the informa-
tion entered in the past. In this sense the “detour” of the Palm has introduced
an element of creative novelty into the ongoing self-organisation of the hu-
man. The Palm as partner in the reflexive self-discipline of ongoing life trans-
forms the human actor into an informationally competent and punctual ac-
tor – but also an actor set up to be invaded at times by his own past intentions.
This actor is a hybrid actor, a human-with-Palm, a “palmed Human”.

We must conclude that the issue is not so much whether humans or
“things”have agency,but that the agency of humans and things, such as it is, is
modified by the “hybridisation” of agents in the form of humans-with-tools.
In more general terms, human agency is so transformed by the technologies
involved in the constitution of that agency, that in a technological age it does
not make sense anymore to speak of human actors apart from their techno-
logical accoutrements. Unlike a rose, a Palm user is not a car driver is not, as
we shall see, a designer of superconducting solenoid magnets.

Designing magnets for the G-2 experiment 

Experiments in high-energy physics are organised as collaborative efforts
among a number of locally based physics groups. Typically, the collaboration
is sited at one of the large particle accelerators, and participating physicists fly
in to attend meetings and participate in the ongoing work. To perform their
experiments, the collaborators must first design and construct a “detector”.
These detectors transform the streams of high-energy particles produced by
the accelerators into “events”that physicists can study. Detectors are typically
large and complex devices, taking many years to design and construct. This
process, even though the setting is exotic, is typical of design processes in gen-
eral and reveals a basic feature of technology, namely that it is purposively
constructed in order to perform a particular function. This does not rule out
that designers may disagree on the function to be performed and especially
on the way to implement the desired function in a design.
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The following account of the design of a component of a high-energy
physics detector shows both the purposiveness and the contentiousness of
the design process. The component in question is a 14m diameter supercon-
ducting magnet ring for the Muon g-2 experiment which has been on-line at
Brookhaven National Laboratories at Upton, New York, since 1998 (Disco
1998). The purpose of the experiment is to measure the so-called “anomalous
magnetic moment”of a particle called the muon to a hitherto unprecedented
degree of precision. This requires an extremely strong and very precise and
uniform magnetic field along the entire length of the 14 m-diameter coil. This
was terra incognita for magnet designers and in fact proved to be a formidable
engineering challenge.

It took only a few meetings of the magnet coil group to discover that there
were serious disagreements on at least four aspects of the coil design. The
minutes of Feb. 12, 1987, indicate that for each aspect, two main options were
under discussion.

A Winding configuration:“pancake”vs.“continuous”or “zig-zag”.
B Material for the coil mandrels (supports): aluminum vs. stainless steel.
C Winding technique:“ferris”vs. horizontal.
D Method of coil-cooling: Epoxied package in contact with liquid He cool-

ing tubes vs. Immersion of coil package in liquid He cryostat.

Not all combinations were being pursued, so that in practice only two or
three coherent “designs” were actually circulating – each championed by one
of the participating groups. In the coil-group minutes, several of the alterna-
tives were evaluated as follows:

A2 needs more delicate filling of voids; B1D2 needs welding of the alu-
minum coverplate, very risky; C2 needs tall building; B1 allows extru-
sion of the aluminum profile, cooling tube for liquid helium included.3

In the Feb. 26, 1987 meeting, for example, the issue of mandrel material was
discussed. RS (a Brookhaven physicist) argued for stainless steel because “the
pitfalls are best known”. This provoked FK, the CERN physicist chairing the
group – and also writing up the minutes – to the following encomium on alu-
minum:

This does not rule out aluminum cryostats! Any proposition, reasonably
worked out, will be thoroughly discussed, since we are all aware that alu-
minum allows extrusion, incorporation of helium cooling duct, vastly
superior heat conduction and absence of magnetic disturbance.
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On March 26, there was a joint meeting of the three groups then working on
different aspects of the detector design. The chief engineer of the coils group
reported as follows:

The group struggles with the material for the helium vessel: stainless
steel or aluminum... stainless steel is more conservative, but the extreme
slenderness of the coil section with respect to the coil radius made us
look for other material combinations in which an aluminum tank or
aluminum strips wound together with the conductor are possible alter-
natives. The conductor fabrication is under control. The leads are, as al-
ways, difficult to realise, in particular for the outer coils, where they have
to pass through the back leg of the magnet. The coil winding is still under
discussion. The coil support is tricky because of tight space, large forces,
and low heat loss.4

The battle over winding methods was particularly fierce. On April 28, 1987,
the chief mechanical engineer of the Yale group published a memo on “Evalu-
ation of Superconducting Coil Concepts” again advocating “continuous
winding”as opposed to so-called “pancake winding”:

We find that during several meetings of this subgroup the general ten-
dency was mostly in the direction of pancake coil construction.As a mat-
ter of fact, continuous winding coils were not seriously considered, and
the strongest argument was that pancake was “the way it was always
done”. (Disco 1987)

In the event, the entire controversy was settled several months later by the in-
tervention of a group from the Japanese national accelerator facility KEK.
This group had a novel idea – already implemented in smaller magnets – for
winding the coils “inside-out”, i.e., from the mandrel inwards. Moreover, the
group had a generous budget and offered to supply a quantity of “spare”
superconductor material. Within a month, the virtues of the KEK design had
dissolved resistance in the coil group, and it had become the preferred design
for the coil configuration and winding method.Although its implementation
was still far from routine, the design was sufficiently coherent to resolve the
other bones of contention which had paralysed the group until then.

This “design parable”differs from the first one about the Palm organiser. It
shows another, but equally fundamental,“phase state”of technologies.While
the parable of the Palm showed technology as a device-in-use, modulating
agency and social order in a wide range of social settings, the parable of the
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muon g-2 coils shows technology in the laboratory, as a device-in-the-mak-
ing: an as-yet-uncertain crystallisation of social purposes in a material con-
figuration. Several points should be emphasised:

1 The design process is an effort to define and master the future behaviour of
an artifact. We should add: not only its manifest and desired properties, as in
the g-2 example, but also its intended and unintended side-effects, dangers,
and risks. Hence, understanding what goes on in the design process is a pre-
requisite for understanding the potentials of the artifacts that come out of it,
or are likely to come out of it – although it is unlikely to be enough to predict
the exact ways an artifact will turn out, i.e., its (quite possibly ambiguous)
“societal career”.

2 Artifacts are designed to function in stable and predictable ways. This en-
courages the use of non-living elements insofar as these are generally more
stable and predictable – though often less flexible – than living elements like
animals or humans. Superior stability and predictability are reasons why in
advanced societies so much of human agency is “delegated”to machines (La-
tour 1987).Artifacts become important material anchors for social action, re-
placing older forms of co-ordination and socialisation. In high-energy
physics with its demands for superhuman performances, such delegation is
absolutely necessary – humans simply can’t do the job – but the stability re-
quirements are at least as critical.As the chief engineer of the coil group noted
in a review:

The stability is a big problem: mounting concentric at room tempera-
ture, expecting it to be concentric at cryo-temp and last but not least
cope with the expansion when the current is ramped up, while the outer
coil is intrinsically unstable – all this demands superior engineering.5

3 Designers conceive of the artifact to be made as an actor.As they work, they
are constantly trying to predict how the structure they are trying build will be-
have given particular arrangements and ambient conditions (Bucciarelli
1994). They do this on the basis of what they know about similar structures in
similar situations as for example in the following commentary: “FK points
out that the helical winding method leaves voids which are alternately on top
or on bottom of the coil, but the magnetic forces tend to push them all to one
side, hence half the layers may slip when the coils are energised” (minutes
March 26). Some options seem beyond the cognitive pale. Then recourse is
had to measurements, models, prototypes and calculations to acquire insight
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into expected behaviours. For example, the minutes of the coil group contain
the following exchange.A physicist SK is cited as predicting that“permeability
variations in the stainless steel weld could be swamped by a strip of high per-
meability material”.This prediction is qualified by the writer of the minutes as
“a statement clearly in need of quantification and research on adverse effects”.

The discourse of behaviours of these material structures is not of course a
discourse of motives, intentions,and strategies such as would be the case were
a political coalition the object of design. Here, and characteristic of techno-
logical design in general, the discourse of behaviours is of behaviours as gov-
erned by what, for lack of a better term, we call “natural law”. Let us define this
as the set of well-tested propositions and theories about how material objects
behave under specified conditions. Canonical formulations of “natural law”
(what we know about nature) are the substance of the textbooks of the natu-
ral and engineering sciences. The interesting property of natural law from the
perspective of design is that it in theory allows for determinate predictions
about the behaviour of material structures. Of course, this is only in theory.
In practice, as the deliberations of the coil group make clear, there is always
insufficient knowledge and insight, both into the properties of the structures
one is building with and into the prevailing conditions they will encounter.

These conditions are in part also subject to “natural law”, but in the final
analysis they also include an encounter with society, with human organisa-
tions and purposes. In the case of the g-2 experiment, this is the encounter of
the detector with the standards of evidence prevailing in the high-energy
physics community (Knorr-Cetina 1999). Are the magnets sufficiently stable
and uniform to warrant confidence in the data and the conclusions they have
helped to produce and which they tacitly underwrite? For other design proj-
ects like microwave ovens (Cockburn and Ormrod 1993), diesel engines
(Hård and Knie 1999), or storm-surge barriers (Disco 2002), this encounter
occurs elsewhere and in different contexts, but inevitably it does occur.

In this view, design is nothing more nor less than a process of incorporat-
ing nature into society. The result is neither the one (classical Nature) nor the
other (classical Durkheimian society as “moral order”) but a thoroughly hy-
brid sociotechnical order in which machines, tools and devices co-act with
humans. What these artifacts do, and can do, and what humans do, and can
do, are profoundly altered by the new hybrid juxtapositions – by technology-
in-society. This is why design engineering is not enough, but also why classi-
cal sociology is not enough.

4 Although not highly visible in the g-2 account itself, this hybridisation of
actors and agency occurs not only in contexts of use, as in the Palm parable,
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but also in contexts of design. Indeed, how could it be otherwise, since design
contexts are also contexts of use, albeit not of end-products, but of testing de-
vices, prototypes, materials? The point is that design (and certainly design in
an esoteric field like high-energy physics) is itself accomplished by hybrid ac-
tors. Physicists and engineers would be powerless without an elaborate array
of measurement and test devices which enable them to assess the conse-
quences of different design decisions prior to committing significant re-
sources of time and money.

Human calculators

... I shall give a brief excerpt from the memoirs of an early member of the
WPA Mathematical Tables Project in New York City. This project was es-
tablished in 1938 with a very small number of mathematicians and a fair-
ly large number of people from the relief rolls of the Depression. The
people who came from the relief rolls were a varied sort, and more than
rusty in their arithmetic. Therefore, they were divided into four different
groups. One group was to do addition, a second group to do subtraction,
a third to do multiplication, and the fourth group to do division and
check the results. The people were installed in an abandoned stable in
New York City, and the four groups were seated facing the four walls of
the room. Each group faced a wall on which there was a large poster giv-
ing them their most important instructions, and to keep negative num-
bers straight, each person was given both black and red pencils to work
with. The poster giving instructions for the addition group said:

Black plus black makes black.
Red plus red makes red.
Black plus red or red plus black, hand the sheets to group 2. (Slutz 1980,
471)

What is disturbing about the situation described in this citation? It is of
course the panoptical nightmare, the Orwellian dystopia of reducing human
beings to cogs in a machine. Humans here were operatives possessing frag-
ments of instrumental competence. The whole, the calculating machine
which they produced by their fragmented labours, had no meaning for them;
it added up only from the perspective of the expert masters.

The Mathematical Tables Project exhibited a shocking disregard for mod-
ernist distinctions between humans and machines. The project mobilised all
the usual Taylorist ploys in order to transform intransigent human workers
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into obedient functionaries. Skills were fragmented, categorised and appor-
tioned to different workers according to ability.Rules of procedure were thor-
oughly explicated and reinforced by texts and material cues and instruments.
Routing of work followed explicit instructions allowing the minimum possi-
ble of individual discretion:“Black plus red or red plus black: hand the sheets
to group 2”.

Therefore, the question this example raises is  the following: How is the
Taylorised human-based calculating collective designed and operated by the
mathematicians of the WPA Mathematical Tables Project any different from,
say, the gear and relay-based desk calculator or the silicon-based modern dig-
ital computer? If there is no practical difference, what are the consequences
for the classical attribution of agency (morality) to humans and of mere me-
chanical functionality (instrumental means) to artifacts composed of non-
human components? To turn Primo Levi around: “What is an artifact?” Or
better perhaps:“What is an artifact made of?”

The physicists and engineers in the g-2 story seem to be busy designing an
artifact composed entirely of nonhuman components. In this design process,
humans (except, of course, the designers themselves) seem a long way off. But
ultimately they are there in the form of the physicists who are going to have to
get the detector to produce compelling data. The physical detector must be
designed to take its part in a “hybrid ensemble” (Callon and Law 1995) con-
sisting of the machine and the physicists and engineers who will ultimately
use it to produce data about the muon. In the context of high-energy physics,
where the always minute data traces are easily wiped out by systematic or
transient “noise” in the detector, operability means total transparency. Physi-
cists must know at all times what the precise condition of the detector is so
that they can distinguish data from noise (Knorr-Cetina 1999). This knowl-
edge is based both on a priori confidence in the stability and performance of
the machine and on real-time monitoring of its performance. Both modes of
confidence depend on crafty design. Hence, although the proximate design
labour described above concerns the construction of a nonhuman apparatus,
i.e., a machine in the classical sense, the mediate aim is a “hybrid collectif”
(Callon and Law 1995) involving both human and nonhuman components.

The notion of “hybrid collectif” suggests a spectrum ranging from arti-
facts with predominantly nonhuman components to artifacts with predomi-
nantly human components. The g-2 magnet coils are clearly very near the
purely nonhuman pole, and the WPA Mathematical Tables Project is very
near to the purely human component pole. However, just as the g-2 magnet
assembly-in-use will not be purely nonhuman, the human calculator is not
purely human. The human calculator is again a “hybrid collectif” consisting
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of human operatives and overseers, but also of a set of tools and props:
coloured pencils, paper, texts, chairs, tables, etc.

The sociological reflex encourages us to call the human calculator an or-
ganisation with strict rules, hierarchies and bureaucratic discipline. This is
because it appears to be an orderly and centrally disciplined arrangement of
human actors.What advantage is there in thinking of it as an artifact in a class
with the Palm organizer or the g-2 coils? Only this: it encourages us to look at
this organisation of humans and things as an instrument craftily designed to
perform specific functions in a stable and predictable manner. It is a well-or-
dered factory for the dependable production of correct answers to sums. So
the WPA human calculator is no less a piece of technology and as much of an
engineering achievement as the Palm or the g-2 coils. We might say that the
WPA human calculator could pass an ironic Turing Test for being a machine.

However, the process of designing with nonhuman components is a differ-
ent kettle of fish from designing with human components. This has to do
with how designers can impose stability and predictability on the different
kinds of entities.A first-order distinction would be to say that nonhuman en-
tities must be disciplined by means of Baconian ruses, i.e., by mobilising nat-
ural law, while human entities must be disciplined by Benthamite panopti-
cism, i.e., by surveillance and the judicious application of the carrot and the
stick. The point is that entities subject to natural law can be disciplined (made
stable and predictable) by embedding them in the right material configura-
tions – at least as far as our knowledge and insight reach. Human entities
must be convinced, cajoled, and coerced to impose self-discipline, inasmuch
as it is impossible to control or predict movements, let alone thoughts, in suf-
ficient detail to guarantee useful and predictable performances. As with Tay-
lor’s famous 2-dollar-a-day man, the human entity has to be made to want to
perform to rule. Engineers burdened with the design of large hybrid techno-
logical systems like urban water supplies and electricity systems are constant-
ly faced with the problem of having to convince users to behave according to
the dictates of the artifact-system as a whole.

The WPA Mathematical Tables Project shows that in a pragmatic sense,hu-
mans cannot simply be defined as agents. They can rather easily be made into
components of artifacts – as indeed the history of industrialisation amply at-
tests. These artifacts act, but not according to the will of the human compo-
nents, but – if all goes “well”– as projections of the interests of their designers
and masters.
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Enschede: the explosion of S.E. Fireworks 

On the afternoon of May 13, 2000, a hot and sunny day, a series of explosions
ravaged the neighbourhood of Roombeek in the northern part of the Dutch
city of Enschede. The culprit was a fireworks storage and assembly facility
called S.E. Fireworks. A fire on the grounds had somehow ignited explosives
stored in a set of reinforced concrete bunkers; the ensuing blasts ripped the
bunkers apart, shelling the surrounding area with chunks of reinforced con-
crete and igniting countless secondary blazes. In the space of 15 minutes the
neighbourhood was reduced to smoldering ruins. Amazingly, only 20 people
were killed, though many more were injured. Property damage was extensive.

S.E. Firework’s highly visible and dramatic activity on that Saturday after-
noon stood in stark contrast to its prior “behaviour”. Somehow, the normal
peaceful routine had broken down, and what we might call a “catastrophic
deconstruction” of the facility and its immediate environment ensued. We
have come full circle from the Palm parable to consider another artifact-in-
use. But now, instead of an artifact working-to-rule, we have a disaster whose
short-term effects seem to have left little room for “user interpretations”.
What can this “accident”teach us about humans, nonhumans and the dialec-
tic of agency and structure; in short, about technology and sociology?

The leading question is whether we should see S.E.Fireworks as an agent or
as a structure and, ipso facto, whether we should see the disaster as an erup-
tion of agency or as a collapse of structure. Secondly, though primarily, we
should sort out what kind of agency/structure we are dealing with. Are we
talking about human organisation, about reflexive human agency, about a
technical system and its associated failure modes? In short, how ought we to
describe S.E. Fireworks, and how ought we to explain the explosion?

Let us start by noting that, until the moment of the explosions, the resi-
dents of Roombeek considered S.E. Fireworks as just another unremarkable
small-scale industrial facility on the edge of the local industrial park. Few
even knew that there were fireworks stored there. The municipality was of
course informed and exercised its statutory right to perform periodic inspec-
tions and to provide permits for what was most certainly – and certainly in
retrospect – a hazardous activity. It seems that to the extent Roombeek resi-
dents knew what was going on at S.E. Fireworks, their perceptions of fire-
works as harmless entertainment and their trust in the city to enforce the nec-
essary safety regulations suppressed any overt concerns. Testimony after the
explosion corroborates this.

What kind of entity was S.E. Fireworks before the explosions? It was clearly
what sociologists call an organisation, i.e., a structure of more or less well-de-
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fined role sets with incumbents more or less performing to rule (Crozier
1977). Presumably, there was more slippage in role performance in the rou-
tinised structure of S.E. Fireworks than in our earlier example of the panopti-
cal WPA Mathematical Tables Project, but in essence they were similar enti-
ties.6 On the other hand, S.E. Fireworks was also an “agent,” even in its pre-
disaster days. It was a legal entity one could call on the phone, make deals
with, inspect, grant permits, and assign responsibilities. It was a significant
player in the specialised custom-fireworks market. This double identity is
hardly surprising, in fact, it is inherent in being an agent, inasmuch as agency
(of whatever kind) presupposes a structured actor. The agent (or actor/ac-
tant) is always also a structure composed of sub-entities, and it is in fact by
dint of analysis of that structure that the potentials for agency may be as-
sessed. Classical psychoanalysis has exactly the same kind of deconstructive
ambition with regard to the structure of human agents – in effect, postulating
a structure of sub-agents like the id, ego, and superego that performs the ag-
gregate agency of the person.

This ambiguity about agency and structure is not a problem because it
does not compromise the agency-structure dialectic as an analytic scheme for
tying together order and change and past, present and future. Agency and
structure remain different although mutually constitutive aspects of entities.
The difference is simply a matter of different levels of analysis and aggrega-
tion.7 What is worrisome, however, is that sociologists persist in excluding
technology from this dialectic – especially considering the explosive potential
of some technology-rich organisations.8

The mutual implication of agency and structure and the exclusion of tech-
nology from sociological accounts holds a fortiori for the explosions them-
selves. Again, at a certain level of analysis, for example if we are concerned
about the effects of the explosions on the physical, social, or political environ-
ment of S.E. Fireworks, we can black-box the structural complexities of the
facility and treat it as a singular agent – albeit an agent gone beserk. However,
if we are interested in the causes of the catastrophe, for example because we
want to assign responsibility in connection with political and legal claims,
then we shall have to unpack the structure of the facility (and perhaps the his-
tory of its facilitations by other actors). In particular, we shall have to focus on
the constitutive actors/actants whose orderly and ordinary interactions con-
stituted S.E. Fireworks as a (quasi)-stable enterprise. Clearly something out
of the ordinary must have triggered the catastrophic breakdown of structure
which transformed S.E. Fireworks into a raging monster. How do we go
about describing this deviation from normalcy and its catastrophic conse-
quences? Two hermetic idioms, “natural law” explanations and sociological
explanations, are at our disposal.
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Adherents of “natural law” would say that certain chemicals stored inside
of concrete bunkers and sea containers caught fire and that as a result an ex-
plosion ensued that caused large chunks of the bunkers and containers to
pepper the surrounding neighbourhood. Regarding this account we have, so-
ciologically speaking, very little to explain. We could elaborate our “natural
law” explanation, invoking chemical and physical theory to explain the caus-
es of the explosion and the pattern of destruction that ensued. The points of
departure are the physical properties of the materials, their disposition on
May 13, 2000, and the presence of fire on the grounds of S.E. Fireworks.

A sociological explanation would argue that because certain employees
were not being alert (maybe because it was very warm weather), because the
company was forcing them to violate safety regulations or because the divi-
sion of labour was such as to encourage miscommunication and accidents, a
destructive explosion ensued. Here, we certainly have some sociological ex-
plaining to do. But we would miss the physical causalities involved in the ex-
plosion and hence, somehow lose the specific technological dimension of the
accident – except to note that the failure of human discipline was contingent-
ly attached to highly destructive natural forces.

In practice, we see both kinds of discourses being used to deconstruct or
“reconstruct” accidents like this. There is a well-developed discourse of tech-
nological risk which concentrates on the physical etiology (what sequence of
events must have taken place in order for such an accident to occur) and
which may point to human error as a contributory factor. There is also a dis-
course derived from organisational sociology which combines this approach
with a focus on the human and organisational sources of such accidents (Per-
row 1984). Here we can begin to see the humans and the non-living compo-
nents as part of a single sociotechnical gestalt – as a technological-organisa-
tional hybrid with an innate proclivity to malfunction which is almost as
“normal”as its proclivity to perform as planned. Diane Vaughan has demon-
strated the strength of this approach in her analysis of the Challenger Space
Shuttle explosion (Vaughan 1996). This is a promising avenue of approach
because it understands technology as nature-made-social, as immanently
composed of both non-living and human elements. It is a style of analysis
which points the way to understanding S.E. Fireworks not as an ontological
dichotomy, i.e., a physical structure on the one hand, and a human organisa-
tion on the other, but as a “hybrid artifact” consisting of patterned interac-
tions between both non-living and human elements. What we require in or-
der to analyse the explosion socio-technically is to be able to speak of non-
human elements-in-use. We may need to have recourse to naturalistic expla-
nations, but only as links in a chain of reasoning which inevitably also in-
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cludes human intentions and (dis)order. The work of Perrow et al. clearly
points to a sociology of technological culpability.

But if we want to speak of S.E. Fireworks as a latent agent that sprang into
action on May 13, 2000 (or for that matter, as an apparently stable structure
that deteriorated catastrophically on that date), then we still need to qualify
the notion of agency involved here. Except at a formal level, i.e., in regard to
the schemata of structuration referred to in the introduction, the agency of
non-humans has a different logic than the agency of humans. Callon and
Law, for example, argue for a differentiated notion of agency for different
kinds of what they call “hybrid collectifs”:

...translation does not have to take the form of language. For here is the
bias, the logocentric bias which runs everywhere through social theory.
The bias in favour of the speakable. ...Which is why, though we cannot,
to be sure, say very much about it, we do not wish to link a notion of
agency to linguistic re-presentation. For signification ... is more general
than talk. It comes in all kinds of forms.And some, though only some,
we can imagine. Others, no doubt, we will never know.Which means
that there are multiform kinds of agency: forms of agency that we can’t
imagine; forms of agency performed in patterns of translation that are
foreign to us; forms of agency that are, for instance, nonstrategic, distrib-
uted, and decentred. (Callon and Law 1995, 503)

Though Callon and Law might well reject this solution, we have considered
the possibility of qualifying the agency of nonhumans as agency subject to
“natural law”, e.g., the laws of physics or chemistry. However, S.E. Fireworks
was not merely composed of nonhuman beings; it was a “hybrid collectif” in
which humans and nonhumans were intimately juxtaposed and mutually
transforming. Its agency was thus amenable only to explanations which
somehow combine “natural law”and classical sociological explanations. This
is the challenge, not only for scholars of technology, but also for commissions
investigating the “causes”of such disasters.

What is technology?

Our four parables have given us important insights into technology. These
can be summarised as follows:

1 The user testimonials about Palm organizers question the simple notion of
the artifact-as-tool and hence of the actor as unproblematic tool-user. The

46 Cornelis Disco

Inside the Politics of Technolo  24-06-2005  10:58  Pagina 46

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:25:31 UTC               

All use subject to https://about.jstor.org/terms



simple notion of a tool is: an artifact that an intentional subject uses to get a
specific job done. There are several points that need elucidation: How must
the Palm be shaped and disciplined in order to use it? What self-discipline
must the subject impose on him or herself in order to be able to use the Palm
as a tool at all? How does the Palm discipline the thoughts and movements of
the user? In what sense do the user and the Palm compose a cyborg, i.e., in
what ways do the Palm and the human user become a single hybrid actor? 

2 The high-energy physics story reminds us that technology is not only a set
of material structures that we live with and that transform us, but that they
are intelligently and purposively designed to perform particular functions
vis-à-vis agency and social order. This does not imply that the intended de-
sign completely maps the design in use. Maximising this mapping is a major
problem for designers, developers, and (sometimes, as in this case) users. The
design process is therefore contended and negotiated and thus constitutes an
authentic field for sociological study.

3 Thestoryof the“humancalculators”,i.e.,humansorganisedanddisciplined
by means of panoptical and Taylorist methods to do calculations for making
mathematical referencetables,argues that thestuff of whichartifactsaremade
makes no principled difference to defining and using them as means – even if,
as in this case,that matter is human brains and bodies.The inverse point is that
the presence of human brains and bodies does not necessarily imply the pres-
ence of human subjectivity, e.g., free will, imagination, spontaneity, etc.

4 The S.E. Fireworks story makes two new points and also recapitulates les-
sons from the other three stories. The new points are, first, that agents are also
structures and, symmetrically, structures are also agents.The distinction rests
on levels of analysis. Almost as a corollary, it follows that a breakdown of so-
cio-technical structure can be analysed as agency of the structure vis-à-vis its
context (of other structure). Points from the other stories are recapitulated as
follows:

– S.E. Fireworks, in both its stable and unstable manifestations, was a “hy-
brid collectif”just like the “cyborg”Palm+user.
– Like the WPA Mathematical Tables Project, S.E. Fireworks incorporated
human actors as stabilised (“translated”) entities of its process. These were
also implicated in the structural breakdown.
– S.E. Fireworks, like the muon g-2 coils and indeed artifacts in general, was a
constructed “hybrid collectif”for whose behaviour and misbehaviour the de-
signers and maintainers share responsibility.
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Conceiving a sociology of technology

How can this Protean phenomenon called technology be incorporated into
mainstream social theory? The field of Science and Technology Studies has by
and large set itself up as an alternative, rather than a corrective, to the classical
sociological canon. Symmetrically, there is still little interest within main-
stream social theory for the accomplishments of the new technology studies,
in spite of the evident impacts of new technologies.

There are a few ridge-riders, however, who are claiming that classical social
theory and technology studies have mirror-image strengths and weaknesses,
and would profit from a synthesis.Where classical social theory is able to con-
ceptualise large-scale changes in the historical landscape and has a vigorous
sense of structural constraint, technology studies seem limited to contingent
and local explanations of mere episodes. Conversely, where technology stud-
ies have developed subtle methods of understanding technologies, classical
social theory is still at sea when it comes to thinking about the technological
dimensions of social order and transformation. Hence, these authors argue,
there seems every reason to try to formulate some kind of synthesis not based
on an a priori rejection of classical sociology. We shall take a look at three of
these efforts.

The perspective of the user

Mark Shields argues that sociological efforts to comprehend technology – in-
cluding the new technology studies – are all in thrall to what he terms an “in-
strumentalist” conception of technology. “Instrumentalism” for Shields
means understanding technologies as “purposive instrumentalities whose
relevant explanatory properties may be described exhaustively within a
framework of means-ends rationality” (Shields 1997, 190). Because of this
“instrumentalist” perspective, which positions technology in a sphere of ra-
tional, pre-social phenomena, classical sociology tends to ignore technology.
Weber’s disdain of means-ends rationality as the “degree zero” of social ac-
tion, no less than Pareto’s distinction between logical and non-logical action,
has encouraged sociologists to cede technology to the sphere of science and
economics. Marx, of course, also saw technology as primarily a product of
economic calculation, as machines whose forms were shaped by the exploita-
tive ambitions of competing capitalists. Ironically, Shields argues that even
the new technology studies – however salutary their redefinition of technolo-
gy as an inherently sociological phenomenon – do not escape this instru-
mentalist horizon. Even here, technologies are seen as products of instru-
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mental design, of efforts to produce specific use-values for specific social
groups.

According to Shields, the way out of the instrumentalist trap is to look at
technologies in use.The social meaning of a technology is not what its design-
ers claim it to be,but in what users make of it.Shields formulates this as a prin-
ciple of “instrumental underdetermination”, as a failure of instrumentalist
intentionality to exhaust the social meaning of a technology. Shields, in fact,
seems to be arguing that the sociology of technology only properly begins at
the point where users take over from designers to integrate artifacts into what
he calls “sociotechnical practices”. “Technological artifacts are thus poly-
semic, because different agents – inventors, designers and users – employ
schemas, or ‘frames of meaning’ ... that render artifacts ‘capable of being in-
terpreted in varying ways’”. A variety of agents, working with different per-
spectives, constitute “sociotechnical practices” around specific artifacts or
technological systems and provide the proper subject matter for the sociolo-
gy of technology.

Quite aside from the question of whether Shields’ characterisation of new
technology studies as essentially instrumentalist is apposite – which I think it
is not – the overall point is well taken. Clearly, when we focus on technolo-
gies-in-use instead of only on technologies-as-instrument (as material
means for attaining specific ends), we uncover a rich sociological and anthro-
pological dimension to technology which,moreover, can be approached with
traditional theories and methods. On this view, technologies are not some
non-social bit of logical action, but become societal constructs, just like laws,
religions, norms and the other furnishings of classical sociological theory.
Technologies, in this sense, become sociological objects in an immanent and
transparent way and are no longer sociologically inexplicable intrusions into
the social from some other realm.

However, Shields’s rejection of “instrumentalism” throws out the baby
with the bathwater. There is a difference between asserting that technology is
only an instrument, and asserting that it is that, but also many other things as
well. I think Shields fails to make this distinction and in a shortcut effort to re-
define technology as sociologically “just folks” wrongly quarantines the in-
strumentality, which makes technology such a unique and pervasive socio-
logical phenomenon. The g-2 coil story – which, in spite of its exotic context,
seems to me on this point perfectly generalizable to all kinds of other tech-
nologies – makes quite clear that artifacts are designed as “purposive instru-
mentalities”. In design, as Bucciarelli (1994), Henderson (1999) and Vincenti
(1990) make plain, artifacts-in-becoming are, as Shields puts it: “described
exhaustively within a framework of means-ends rationality”. That is indeed
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the business and logic of design. The question then is: what is the relation of
design as a specific subset of societal practices to the ultimate working of arti-
facts in society?

It is true, as Shields argues, that design suffers from “instrumental under-
determination”. Its instrumentalist horizons do not indeed exhaust the possi-
bilities of artifacts-in-use. However, “instrumental underdetermination” is
not an argument for the irrelevance of design, nor for the irrelevance of a so-
ciology of design. It is only a powerful argument for also including actual “so-
ciotechnical practices”in our perusal of technologies.

Although there is unquestionably some slippage between designed arti-
facts and used artifacts, this is certainly a question of degree and differs ac-
cording to the type of artifact. While a knife may be designed as a weapon, it
can also cut bread. The Palm Organizer, designed as an electronic appoint-
ment book with note-taking facilities, has been seized upon by users and pro-
grammers and endowed with a plethora of non-intended uses and identities.
The g-2 coils, on the other hand, are such complex and dedicated pieces of
equipment it is hard to imagine another use which exploits their essential de-
sign features than the one for which they were in fact designed.9 It is also not
easy to imagine that the ultimate users will develop significantly different op-
erational protocols from those developed in the design phase. This suggests
two untested and speculative first approximations about the relationship be-
tween design intentions and ultimate use: First, the complexity of an artifact
is something like inversely proportional to its flexibility-in-use. Second, the
more context-bound an artifact, the less likely actual use will deviate from the
use envisioned by designers. These propositions want testing, but even in this
tentative form they suggest that care should be taken in divorcing uses (and
effects) observed in practice from uses previously envisioned in design.

In general, a principle of “limited flexibility” seems apposite, stating that
the way artifacts are designed is more or less consequential for the way they
will ultimately be used. Products may in fact be specifically designed with
what might be called a “topography of use”, i.e., gradients encouraging and
discouraging particular uses. Users can sometimes get around such design
topographies, but if the designers are on the ball, only at costs which may in
fact be disheartening.

Having the post-modernist cake

Fran Collyer (1997) is not so worried about “instrumentalist” biases in tech-
nology studies. Nor does she advocate a new focus on technology-in-use as a
remedy. At another level, however, she shares Shields’s concerns of how to
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merge “post-modernist” theories of innovation associated with authors like
Callon, Pinch, Bijker, Latour, and Hughes, with more generic social theory.As
she puts it:

Although post-modern perspectives have correctly identified the emer-
gence of a greater diversity in social relations and broken down the dis-
tinction between subject and object, post-modernism is too often con-
sidered in terms of a total replacement for structuralist sociology. In its
stead, it is suggested that the insights of post-modernist theory be added
to the sociological ‘armory’. Such a merger would allow a better integra-
tion of theories of technology and society. This would produce a more
adequate theory of invention and help to explain how social inequalities
shape the invention process. (Collyer 1997, 203)

To achieve this merger, it is essential that post-modern theory abandon its
posture of splendid isolation. Moreover, it contains a number of flaws which
must be remedied before it can be “added to the sociological ‘armory’”.

Collyer seizes upon Callon’s “translation networks” as the paradigm to be
criticised (Callon 1991). The first problem is that the model“offers insufficient
explanations for the relationship between the actants or the differing capaci-
ties of the actants to direct and control the invention process.... the actions of
some actants (such as an individual or group) are both quantitatively and
qualitatively different from the actions of other actants (such as a computer
or an amoeba)”(Collyer 1997, 199-200).

This lack of what we might call sociological relief of course inheres in the
notion of “actant”. The whole point of the concept is to denote a relative or
momentary “phase state” of an entity: that which in a given situation is initi-
ating a transfer of“intermediaries”(instead of itself being transferred).So the
notion of “actant”has no essentialist connotations. It is only a role in the net-
work dynamics which every entity (human or non-sentient) can at times
play.We have seen in the case of S.E. Fireworks that the explosives were trans-
formed from intermediaries into very forceful actants, and in the case of the
WPA Mathematical Tables Project that the human calculators, agents all, were
reduced to “mere” intermediaries. However, from a traditional sociological
perspective this structuralist focus on network dynamics at the expense of
ontological veracity is, as I argued above, immensely unsettling, and Collyer’s
criticism here is directed at just that point.

From the point of view of an adequate sociology, it would be desirable to
have some indication of the relative chances of different kinds of entities
(e.g., humans or non-sentients) of becoming either actants or intermedi-
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aries. We would also want to know how different types of entities change
phase, i.e., change from actant to intermediary and vice versa. What types of
processes involving what types of other entities typically induce this transfor-
mation for different kinds of entities? In the context of the S.E. Fireworks sto-
ry, for example, I argued for a distinction between natural and human causal-
ity. Finally, what types of entities tend to be dominant in translation net-
works? Sociology has developed a vast conceptual arsenal for dealing with
power relations and “life chances” among networked human actors; is any-
thing like this possible when non-human or non-sentient actants get in-
volved? Is there, to echo Marx, anything determinate in the final instance? Do
the oysters, or do the walrus and the carpenter, typically carry the day? Or can
we, like the carpenter, take stock only after the oysters have been eaten up?

Collyer also takes translation network theory to task on another count.She
criticises it for what we might call its solipsism, i.e., its tendency to discount
an external world.The focus is on the internal process.External “factors”, lim-
its and opportunities are simply not taken into account. Collyer says: “Theo-
retical disregard for the consequences of social structure means that the
model over-estimates the capacity of scientists and others within the network
to shape their own circumstances just as it under-estimates the impact of so-
cietal processes beyond the immediate activity of the actors” (Collyer 1997,
201).

This is a sociologically unexceptionable criticism. However, it does not ab-
solve us from defining just what we mean by this “social structure” and ex-
plaining how it impinges on the ongoing structuration of the translation net-
work under consideration. If the narrative strategy of Latour’s Aramis is any
clue, then the network approach solves the problem simply by subsuming all
elements that have some bearing on the unfolding plot of the translation net-
work into the network itself (Latour 1996e). Hence, there literally is no exter-
nal “social structure” or, rather, elements of that putative “social structure”
are absorbed into the network as needed (both by the actants and the ana-
lysts). The network simply expands to cover the relevant turf. However, such
rampant contingency literally robs us of a coherent vision of the social world
and obviates the possibility of prediction and the hope for societal manage-
ment of technological development.

But then, what is “social structure”? In one sense, it is only a bookkeeping
ploy to distinguish what is transient and of immanent pragmatic or analytical
interest from that which is more stable and lasting – and which is taken for
granted as a background of available “rules and resources” (Giddens 1984) by
both actors and analysts. And, in a historical sense, structure is a residue of
agency. Factors, institutions and positions are built up over time and can per-
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sist thanks to the benefits they produce for the few or the many. These struc-
tures define cost-benefit gradients for different types of actor-strategies and
thus shape dynamic social processes.

New rules for a sociology of technology

What clearly has to be done if the “merger” between “post-modern” theories
of technology and sociology is to have a chance to align these two discourses
in some way. Werner Rammert (1997), our final ridge-rider, has made just
such an effort in the form of a new set of “New Rules of Sociological Method”.

Rammert’s twelve rules, a double-take on Anthony Giddens’s (1993)take
on Durkheim, are an attempt to define a general sociology capable of incor-
porating technology as a “social fact”. Rammert’s specific aim is to combine “a
constructivist explanation of technology generation on the local level ... with
a social evolutionary approach of structural selection on the global level”
(Rammert 1997, 171). Like Collyer, Rammert criticises the new technology
studies for their inability to comprehend large-scale structural processes. He
shares Giddens’s view that a rational sociology must “chart a course between
interactionism and structuralism” (Rammert 1997, 173) and so he seeks to
complement the “interactionism”of SCOT (Bijker and Pinch 1987) and actor-
network theory with a “structuralist” mode of analysis. Rammert begins by
defining what he sees as the essential sociological nature of artifacts. His first
three rules reconfirm basic conclusions we drew from our technology para-
bles, particularly the dual agent/structure nature of artifacts and the impor-
tance of design in establishing artifact properties and societal effects.

Rules 4 through 7 address possibilities for a sociological account of tech-
nology development. We are up a notch from the design floor. The argument
turns on the concept of “technology projects”. These are concerted efforts to
combine inquiry into the unknown with routine resources in order to pro-
duce “an artificial and reliable technical system”(Rammert 1997, 180). The el-
ements of such a “technical system”can be “physical effects, material artifacts,
sign codes and habitualised routines”. But note, not human bodies. Technical
projects are theatres of social conflict and co-operation; a plethora of hetero-
geneous actors with different resources and following different rules do battle
in order to project their own notions of order and utility onto the project in
becoming.

Rules 8 and 9 take us a step further on the ladder of socio-technical aggre-
gation. Rule 8 suggests ways of conceptually bridging the gap between local
and idiosyncratic technological projects and the various “institutional fields”
of society. If local projects aim at the constitution of a successful techno-
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structure (the context within which artifacts become operative), then this can
only be achieved on the basis of “micro-politics of negotiation”between local
actors and the macro-social networks. Rammert distinguishes four “fields”:
the scientific, the technological, the political and the economic. Science is
about whether proposed operating principles are feasible. Technology is
about defining standard procedures and acceptable interpretations of the
“state of the art”. Politics is about the ideological and political resonance of
projects. Which particular variants will politicians back, and what are the le-
gal and funding consequences? Economics is about techno-structures in the
context of innovation within firms.

Rules 10 and 11 represent an effort to tie the level of concrete local projects,
as incremental additions to the stock of technology, to the overall dynamic
of technology at a global level. Rammert argues that on a global level the
structuration process should be treated as “blind variation” because techno-
projects are blind to long-term effects and have all kinds of “unintended
consequences”anyway.Localactivitiesof enrollmentandtranslation inactor-
networks are not undertaken with an eye to overall outcomes. They could not
do so even if they would, because of the various “structural filters” – con-
ceived as institutionalised patterns of constraints and enablements – im-
posed by the different fields through which technology projects must navi-
gate.“... the operating filters are manifold, their effects cannot be precisely cal-
culated, and ... they are developing simultaneously”(Rammert 1997, 184).

Rule 12 summarises Rammert’s approach: “Technical change neither re-
sults from a structural logic of development that operates beyond the scope
of social actors, as Durkheim’s first rule may suggest, nor is it entirely open to
voluntary action and various constructions of technology, as social construc-
tivism may suggest” (Rammert 1997, 186). This general argument positions
Rammert’s rules squarely within structuration theory. Sociologically salient
are all those mechanisms which encourage predictability and stability. As
Rammert restates rule 12: “Structural filters which are institutionalised in the
different fields of the innovations system reduce the principled contingency of
technical change to certain corridors of technical development. But they
maintain the status of stabilised technology only as long as social actors prac-
tically reproduce the techno-structures”(Rammert 1997, 187).

Rammert’s overall effort merges core concepts from actor-network theory
as articulated in the writings of Callon, Latour and Law, with Giddens’s gen-
eral theory of structuration. The keystone is the integration of different levels
of analysis within the framework of an overall local-global dynamic. The lo-
cal dynamics are contingent – as actor-network analyses keep stressing – even
though – as Rammert stresses – they take place in the context of global struc-
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tures of rules and resources, i.e., in the context of field-specific “institutional
filters”. So even with the contingent variety produced at local levels, there is
already steering of technological “trajectories” due to the impinging of more
or less stabilised institutional structures. In this way technology is from its in-
ception a “social fact”, i.e., a structure explainable by recourse to other “social
facts”. In the best traditions of structuration theory, Rammert argues that
these local projects culminate in new techno-structures which subsequently
become part of the institutional order defining and shaping new technologi-
cal projects. Levels of analysis are joined in the transitions between rules 4
and 5, 7 and 8, and 9 and 10.

Having the cake and eating it

This said, our modest technology stories, no less than Shields’s and Collyer’s
texts, justify taking a second look at Rammert’s solution. While his fine-
grained proposal for joining classical sociology to the new technology studies
seems a direct answer to Collyer’s plea and is framed in the agency-structure
dialectic suggested by our stories, there are still some worrisome points. In
spite of Rammert’s openness to “post-modern” technology studies, he does
not offer quite the kind of solution Collyer seems to have in mind. Rammert
gives a wide berth to just those “post-modern” elements of new technology
studies that Collyer finds most intriguing. Likewise, Rammert’s text is a red
flag from the perspective of Shields’s diatribe against “instrumentalism”, de-
spite Rammert’s explicit rejection of an “instrumentalist”approach in favour
of a “pragmatic”one (rule 3). Rammert’s overall approach to technology is to
view it as a societal problem-solving strategy centred on the design of arti-
facts. In so doing, he pays little attention to artifacts-in-use, although his
framework does provide the necessary conceptual space. Insofar as use or
users figure in Rammert’s sociology of technology, it is all about representa-
tions by designers of such use: i.e., the “configured user” rather than the em-
pirical patterns of use themselves.

Our technology stories concur in identifying these as serious gaps. A com-
petent sociology of technology must encompass both the design of technolo-
gies and their societal implementation, or “use”. Rammert’s neglect of the lat-
ter aspect makes it easier for him to merge technology studies into traditional
sociology. By concentrating on design, rather than use, Rammert can avoid
the debate about the agency of nonhumans. Design is about the structuration
of artifacts, i.e., about conceiving and building “techno-structures”, a process
in which artifacts are object, rather than subject, of agency. As Collyer sug-
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gests, the doctrine of nonhuman agency is the most radical attack possible on
sociology as a modernist project. Rammert’s focus avoids messing with tradi-
tional sociological ontologies; this is apparently the price he thinks he must
pay to remain sociologically credible. In point of fact, he explicitly distances
himself from what he calls “some exaggerations” of the actor-network posi-
tion for their refusal to distinguish between “reflexive human agents and
non-reflexive non-human agents”(Rammert 1997, 186).

So Rammert still leaves us with two knotty issues: how to sociologise tech-
nologies-in-use and how to conceptualise the agency of artifacts.On the basis
of what has been said above, it should be possible in principle to distinguish a
sociology of technology-in-use from a sociology of technology-in-design, al-
though rarely will we be able to distinguish these as separate phases in prac-
tice.Our stories attest that all kinds of ironic and unintended effects can erupt
when once-designed technologies are put to use, some of which will be quite
oblique to the interests which framed the original design of the techno-struc-
ture itself. As noted, artifacts may have certain use-gradients “designed into”
them, but they are far from impervious to redefinition, “misuse”, or cata-
strophic failure when put to work in context (Fleck 1999).

As Shields argues, the “context of use” should not be seen merely as a
sphere in which the artifact “ripens” as a “techno-structure”, i.e., in which the
potentials of the artifact are revealed in practice. It is at the same time a sphere
in which the techno-structure reveals the potentialities it has for restructur-
ing the societal context into which it has been introduced. The point is that
the social context of use is modified or “evolves” in the very same process in
which the artifact itself is modified and in which it evolves in new directions.
This is part of the meaning of the “co-evolution” of technology and society.
S.E. Fireworks was a dramatic example, but the Palm organizer and its fellow
travellers will no doubt be more consequential in the long run.A sociology of
technology-in-use would do well to follow Rammert’s and Fleck’s lead in dis-
tinguishing local, contingent contexts of use from more global structural and
institutional contexts.

To my mind, there is little in Rammert’s text to suggest that he would dis-
agree with any of these points. The problem seems rather a matter of empha-
sis than the willful and thematic suppression of technology-in-use. Ram-
mert’s focus is on technology dynamics, the fountainhead and until recently
the working face of new technology studies. Hence he elaborates on how cri-
teria for new technology are established and on how resources for constitut-
ing new technologies are assembled, rather than on the effects artifacts and
technological systems have on societal order, as modifications of agency and
as new elements in the structural landscape. However, nothing suggests that
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Rammert is principally insensitive to these issues, and more importantly,
there is nothing in his proposal that would militate against including tech-
nologies-in-use as an integral “phase” in the technological dialectic he pro-
poses. A similar local-global logic would be apposite here, with locally con-
textualised usages generating varieties of experience and critique which
would be differentially institutionalised depending on their resonance with
different “institutional filters”. The use of technologies and the transforma-
tions of agency and structure which that entails could be seen as a form of in-
formal societal innovation subject to the same kinds of dynamics as the more
formal innovation in institutionalised design settings Rammert now seems
to be focussing on.

The agency of nonhumans is more difficult to incorporate into Rammert’s
new synthesis. He himself seems adamant in reserving agency to human per-
sons, coupling agency irrevocably to “reflexivity”. This is of course the classi-
cal sociological prohibition, and the question is just how forbidding is it?
Does it in the end prevent us from realising Collyer’s project of integrating
classical sociology and “post-modern”technology studies? 

I have already suggested that introducing nonhuman entities and hetero-
geneous types of agency does not compromise the dialectic of agency and
structure as a sociological mode of reasoning and explanation. That is to say,
deviant (in casu nonhuman) forms of agency do not compromise the dialec-
tical core of classical sociology.What is compromised,however, is the classical
logic of attribution, of explanation of actor behaviour as canonised in Max
Weber’s famous dictum of Verstehen. Without such possibilities for attribu-
tion, sociology is at sea; actors must be invested with valences,preferences, in-
terests, etc. in order for their behaviour to be sociologically comprehensible,
i.e., to be soziales Handeln in Weber’s sense. Or must they?

In point of fact, it is my impression – though I can hardly prove it in the
scope of this chapter – that sociology really has no deep or consistent defini-
tion of the homo sociologicus.10 From sociology’s inception, the inner work-
ings of human actors, by all accounts the constitutive elements of social or-
der, have been black-boxed in order to throw up ramparts against the seduc-
tions of reductionism. Sociology’s project is in a sense to deny human agency
a reality sui generis. To put it very crudely: society is all; individuals are noth-
ing. It is true that some 20th-century American strains of sociology like sym-
bolic interactionism, ethnomethodology, or Erving Goffman’s “dramaturgy”
have made an effort to flesh out a concept of human action, underscoring its
creative, dramaturgical and interpretative features. These interpretative tra-
ditions define human actors as the makers and sustainers of social order and
devote much attention to describing how local settings are produced by the
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ongoing creative agency of human participants. But this is a “little tradition”
in the sociological project, in its approach and marginality analogous to so-
cial constructivist theories of technology. Like the latter (as Rammert rightly
argues), there is a big gap between explanations stressing creative agency and
local contingency and those aiming at the clarification of global structures as
constraints on and resources for local agency. In this “big tradition”, human
agency is consistently schematised. Humans are treated more or less either as
mechanical input-output devices (rational action theory), as bearers of sets
of interests (class or otherwise) and “value dispositions”, or as complex self-
constituting monads whose perceptions and motives in any given situation
must be intuited by the analyst (i.e., Verstehen). All of these approaches im-
pute arbitary dispositions to actors, making them available as narcissistic al-
ter-egos of the sociologist. Hence, the rejection of nonhuman agency by clas-
sical sociology (and by Rammert in its wake) does not appear to be justified
by the wish to preserve a deep and rich theory of human agency, but rather by
its opposite, the fear of having to provide such a theory.

In a way this is an opportunity, rather than a liability. Pace Herman Hesse,
we do not have to begin by first destroying a world. However, in order to ex-
ploit the opportunity, we have to avoid a certain idée fixe which has paralysed
debates about admissible forms of agency. This is the notion that we have to
define nonhuman agency as a sociological category. If our technology stories
show anything at all about agency in a material world, it is that it is never ei-
ther purely human or purely nonhuman, but intrinsically heterogeneous and
hybrid.Agency is not, to be somewhat precipitous, rooted in the properties of
entities-in-themselves, but rather in the properties of entities as elements of
networks (or structures). And those networks/structures are invariably con-
catenations of both human and nonhuman actors.11

The idea of the actor-network encourages us to think in terms of distrib-
uted agency rather than the agency of discrete entities. In the S.E. Fireworks
story, the bunkers and the explosives certainly acted, but they did not act
alone, nor did they do so in isolation from human actors. The entire “hybrid
collectif”of S.E. Fireworks is the agent of destruction here, not one or anoth-
er human manager, operative or technical component. Arie Rip happens to
live close to the site of the explosion. The concrete projectile which impacted
in his back yard and pulverised several bricks there is no doubt an actor in re-
spect to the previous structure of that bit of his back yard. However, it only
became the actor it did by virtue of its former place in the hybrid socio-tech-
nical actor-network of S.E. Fireworks: a network, as it turned out, that con-
sisted of an explosive mixture of unreliable humans and unreliable nonhu-
mans implicated in complex agency-structure dynamics, i.e., in complex
chains of mutual translation.
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It is the dynamics of such concatenations, i.e., Callon and Law’s “hybrid
collectifs”, that have to be incorporated into the socio-logics of agency and
structure, rather than nonhuman agency per se. This is of course a metaphysi-
cally daunting task, inasmuch as heterogeneous chains of agency and causali-
ty are implicated. It is a task that Rammert has neither attempted nor even de-
fined as worthwhile – and I would say to the detriment of his otherwise ad-
mirable project. There are, however, promising leads. Marx’s analysis of the
machine is certainly one of them (MacKenzie 1984), with the tradition of
labour-process theory in its wake (Noble 1984, Kern and Schuman 1970).
More recently, Perrow’s already cited work on “normal accidents” has given
us fine-grained accounts of the behaviour of risk-ridden “hybrid collectifs”
which could be extended to less accident-prone organisations and networks.
Of course, actor-network theory has been the programmatic guiding light in
regard to mixing metaphors (and actants). However, it is flawed by its prefer-
ence for metaphysics in favour of history (i.e., sedimented structure) and by
its polemical advocacy of the identity – rather than the sociological equiva-
lence – of human and nonhuman agency. What we now need is an extension
of Rammert’s project which retains his commitment to the socio-logic of
agency and structure, but which also incorporates the mixed ontology of the
“hybrid collectif ”.

Notes

1 For an example of this mutual estrangement, see the recent exchange between
Bruno Latour (1999c) and David Bloor (1999a, 1999b).

2 www.palm.com 
3 g-2 coil-group minutes. February 12, 1987.
4 g-2 notes 007, minutes March 26, 1987, joint meeting.
5 g-2 notes 007, coil group meeting June 19, 1987.
6 Analysts from the actor-network school would assent to the tenor of this picture,

although they would refer to processes of “stabilisation”and “irreversabilisation”
rather than speak of a substantive structure or organisation.They would also, un-
like sociologists, grant nonhumans their proper due in the actor-network.

7 Actor-network theory, set up as a technologically sensitive theoretical rival to so-
ciology, also replicates this sociology of levels (Elias 1978)using concepts like
“point-representation”and “macro-actor”(Callon and Latour 1981).

8 A major exception must be made for the tradition launched by Charles Perrow to
which I will return below. See Perrow (1984) and Vaughan (1996).

9 In fact, in 2003, several new experiments were proposed (and will presumably be

59Back to the Drawing Board

Inside the Politics of Technolo  24-06-2005  10:58  Pagina 59

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:25:31 UTC               

All use subject to https://about.jstor.org/terms



carried out) which utilise the generic capacity of the detector as a storage ring for
muons. So even in this dedicated design there appears to be enough ambiguity to
allow for different socio-technical practices-in-use.

10 See Boudon (1974) for an agonistic example of the struggle to define – and not to
define – who or what the sociological actor is. The struggle is instructive because
it is an explicit attempt to define the “rational kernel”of sociology on the basis of
the synthesis of classical texts.

11 This position has a certain affinity with Barry Barnes’s recent critique of the indi-
vidualist bias in social theory (Barnes 2000), but with a difference. Barnes argues
that the classical sociological tradition, including synthetic reformist theories like
those of Talcott Parsons and Anthony Giddens, has been blighted by an undue
stress on individualistic agency. This would seem to indicate for sociology an
elaborated theory of human individuality, which ironically is lacking. Barnes
concludes that the emphasis on human agency in recent social theory is a reaction
to determinist sociologies.Agency boils down to the use of individual rationality
to resist “irrational”societal “constraints”. Human agents can be free because in
the final analysis they are nobody’s fool. Barnes argues that this individualistic ap-
proach, enshrined in Rational Action Theory, is misguided and that instead we
should look for another kind of “collective agency”rooted in the essential sociali-
ty of human beings:“…the characteristic accomplishments of human beings are
precisely the products of their lack of independence as responsible agents. Their
cultures, institutions and forms of life; their inventions and innovations; their
ability to generate and direct awesome concentrations of power; are all the result
of their collective agency, which derives in turn from the the mutual susceptibility
linked to their concern with face and status”(Barnes 2000, 143).
My argument that agency should not be situated in the properties of entities-in-
themselves but in the networks they constitute with each other certainly resonates
with this position in a formal sense, but I can see no self-evident way to map
Barnes’s conception of “mutual susceptibility”among humans onto the kinds of
relationships prevailing between humans and nonhuman entities – let alone
those among nonhuman entities themselves. If we succeed in theorising the
agency of the “hybrid collectif ”in a Barnesian vein, it will have to be by grafting
the radically different logic of “natural law”(and its articulation with human
agency) onto his humanist conception of mutual susceptibility “linked to con-
cern with face and status”. This would at the very least entail re-emphasising hu-
man rationality (as the capacity to understand and exploit behaviours subject to
“natural law”) as the basis of hybrid agency.As far as I can see, something like this
would be the only route to incorporating nonhumans into Barnes’s charmed cir-
cle of “collective agency”.
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Clay Shirky

A GROUP IS ITS OWN
WORST ENEMY1

In the late 1980s, software went through a major transition. 
Before about 1985, the primary goal of software was making it

possible to solve a problem, by any means necessary. Do you need
to punch cards with your input data? No big deal. A typo on one
card means you have to throw it away and start over? No problem.
Humans will bend to the machines, like Charlie Chaplin in Modern
Times.

Suddenly with personal computers the bar was raised. It wasn’t
enough just to solve the problem: you had to solve it easily, in a
way that takes into account typical human frailties. The backspace
key, for example, to compensate for human frailty, not to mention
menus, icons, windows, and unlimited Undo. And we called this
usability, and it was good.

Lo and behold, when the software industry tried to hire experts
in usability, they found that it was a new field, so nobody was
doing this. There was this niche field in psychiatry called ergonom-
ics, but it was mostly focused on things from the physical world,
like finding the optimal height for a desk chair.

Eventually usability came into its own as a first-class field of
study, with self-trained practitioners and university courses, and no
software project could be considered complete without at least a
cursory glance at usability.

1. This is a lightly edited version of the keynote Clay Shirky gave on social software at
the O’Reilly Emerging Technology conference in Santa Clara on April 24, 2003. See
http://www.shirky.com/writings/group_enemy.html.

SHIRKY, Clay. 2005. A group is its own worst enemy; Group as user: flaming and the design of social software. In: Joel Spolsky (ed.). The best software writing I. New York: Springer-Verlag, pp.183-221.



We’re about to undergo a similar transition.
As soon as the Internet happened, software stopped being

solely about computer-to-human interaction and started being
about human-to-human interaction. We had new applications
like the Web, email, instant messaging, and bulletin boards, all of
which were about humans communicating with one another
through software.

Now, suddenly, when you create software, it isn’t sufficient to
think about making it possible to communicate; you have to
think about making communication socially successful. In the age
of usability, technical design decisions had to be taken to make
software easier for a mass audience to use; in the age of social
software, design decisions must be taken to make social groups
survive and thrive and meet the goals of the group even when
they contradict the goals of the individual. A discussion group
designed by a usability expert might be optimized to make it easy
to post spam about Viagra. But in social software design it’s
pretty obvious that the goal is to make certain things harder, not
easier, and if you can make it downright impossible to post spam,
you’ve done your job. Features need to be designed to make the
group successful, not the individual.

Today, hardly anybody really studies how to design software
for human-to-human interaction. The field of social software
design is in its infancy. In fact, we’re not even at the point yet
where the software developers developing social software realize
that they need to think about the sociology and the anthropology
of the group that will be using their software, so many of them
just throw things together and allow themselves to be surprised
by the social interactions that develop around their software.

Clay Shirky has been a pioneer in this field, and his talk 
A Group Is Its Own Worst Enemy will be remembered as a water-
shed in the widespread realization that in this new era, sociology
and anthropology are just as crucial to software design as usabil-
ity was in the last. – Ed.
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Good morning, everybody. I want to talk this morning about social
software, and about a pattern I’ve seen over and over again in

social software that supports large and long-lived groups. In particular,
I want to talk about what I now think is one of the core challenges for
designing large-scale social software, the pattern described in the title of
this talk: “A Group Is Its Own Worst Enemy.” 

Let me offer a definition of social software, because it’s a term that’s
still fairly amorphous. My definition is quite simple: it’s software that
supports group interaction. I also want to emphasize, though that’s a
fairly simple definition, how radical social software is. The Internet sup-
ports lots of communications patterns, principally point-to-point and
two-way, one-to-many outbound, and many-to-many two-way. 

Prior to the Internet, we had lots of patterns that supported point-to-
point two-way. We had telephones; we had the telegraph. We were
familiar with technological mediation of those kinds of conversations.
Prior to the Internet, we had lots of patterns that supported one-way
broadcast of information. I could put something on television or the
radio; I could publish a newspaper. We had the printing press. So
although the Internet does good things for those ways of communicat-
ing, technological support for point-to-point and broadcast well predate
the Internet. 

Software for groups is different. Prior to the Internet, the last tech-
nology that had any real effect on the way people sat down and talked
together was the table. There was no technological mediation for group
conversations. The closest we got was the conference call, which never
really worked right—“Hello? Do I push this button now? Oh, shoot, I
just hung up.” It’s not easy to set up a conference call, but it’s very easy
to email five of your friends and say, “Hey, where are we going for
pizza?”—so ridiculously easy group forming is quite a new pattern,
something technology has never made easy before. 

We’ve had social software for 40 years at most, dated from the Plato
BBS system, and we’ve only had a decade or so of widespread availabil-
ity, so we’re just finding out what works. We’re still learning how to
make these kinds of things. 
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Now, software that supports group interaction is a fundamentally
unsatisfying definition in many ways, because it doesn’t point to a spe-
cific class of technology. If you look at email, it obviously supports social
patterns, but it can also support a broadcast pattern. If I’m a spammer,
I’m going to mail things out to a million people, but they’re not going to
be talking to one another, and I’m not going to be talking to them—
spam is email, but it isn’t social. If I’m mailing you, and you’re mailing
me back, we’re having a point-to-point conversation, but not one that
creates group dynamics. 

So sometimes email supports social patterns, and sometimes it does-
n’t. Ditto weblogs. If I’m Glenn Reynolds of Instapundit.com,2 and I’m
publishing something to a million users a month, with comments turned
off on my blog, that’s really broadcast—Glenn’s users aren’t talking
back to him, and they aren’t talking to each other. It’s obviously inter-
esting that Glenn can reach that many people as a single individual, but
the pattern is closer to MSNBC than it is to a conversation. If it’s a clus-
ter of half a dozen LiveJournal3 users, on the other hand, talking about
their lives with one another, that’s social. So weblogs are not necessarily
social, although they can support social patterns. 

While that definition—software for group interaction—cuts across
existing categories, I think it is the right one, because it recognizes the
fundamentally social nature of the problem. Groups are a runtime effect.
You cannot specify in advance what any given group will do, and so you
can’t instantiate in software everything you expect to have happen. 

Now, there’s a large body of literature saying, “We built this soft-
ware, a group came and used it, and they began to exhibit behaviors that
surprised us enormously, so we’ve gone and documented these behav-
iors.” Over and over and over again this pattern comes up. (I hear
Stewart4 laughing. The WELL is one of those places where this pattern
came up over and over again.)

With that background out of the way, the rest of this talk is in three
parts. The best explanation I have found for the kinds of things that hap-
pen when groups of humans interact is psychological research that
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2. A popular political weblog – Ed.

3. An online journal service, similar to blog software with more of an emphasis on
community – Ed.

4. Stewart Brand, of the WELL, a very early online community that predates the Internet,
now a part of Salon.com. – Ed.



predates the Internet, so the first part is going to be about W. R. Bion’s
research, which I will talk about in a moment, research that I believe
helps explain how and why a group is its own worst enemy. 

The second part is: why now? What’s going on now that makes this
worth thinking about? I think we’re seeing a revolution in social soft-
ware in the current environment that’s really interesting. 

And third, I want to identify some things, about half a dozen things,
in fact, that I think are core to any software that supports large, long-
lived groups. 

Part One: How Is a Group Its Own
Worst Enemy? 

So, Part One. The best explanation I have found for the ways in which
this pattern establishes itself, the group is its own worst enemy, comes
from a book by W. R. Bion called Experiences in Groups, written in the
middle of the last century. 

Bion was a psychologist who was doing group therapy with groups of
neurotics. (Drawing parallels between that and the Internet is left as an
exercise for the reader.) And while he was trying to treat these patients,
he realized that they were, as a group, conspiring to defeat therapy. 

There was no overt communication or coordination. But he could see
that whenever he would try to do anything that was meant to have an
effect, the group would somehow quash it. And he was driving himself
crazy, in the colloquial sense of the term, trying to figure out whether or
not he should be looking at the situation as “Are these individuals tak-
ing action on their own, or is this a coordinated group?” 

He could never resolve the question, and so he decided that the unre-
solvability of the question was the answer. To the question “Do groups
of people behave as aggregations of individuals or as a cohesive group?”
Bion’s answer was that human groups are “hopelessly committed to
both,” which is to say hopelessly committed to individual identity and to
group membership. 

He said that humans are fundamentally individual, and also funda-
mentally social. Every one of us has a kind of rational decision-making
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mind that allows us to assess what’s going on and make decisions and
act on them. And we are all also able to enter viscerally into emotional
bonds with other groups of people who transcend the intellectual
aspects of the individual. 

In fact, Bion was so convinced that this was the right answer that the
image he put on the front cover of his book was a Necker cube, one of
those cubes that you can look at and resolve in one of two ways, but you
can never see both views of the cube at the same time. So groups can be
analyzed both as collections of individuals and as having this kind of
emotive group experience. 

Now, it’s pretty easy to see how with groups of people who have for-
mal memberships—groups that have been labeled and named like “I am
a member of such-and-such a guild in a massively multiplayer online
role-playing game”—you would have some kind of group cohesion
there. But Bion’s thesis is that this effect is much, much deeper, and kicks
in much, much sooner than many of us expect. So I want to illustrate
this with a story, and to illustrate the illustration, I’ll use a story from
your life. Because even if I don’t know you, I know that what I’m about
to describe has happened to you. 

You are at a party, and you get bored. You say “This isn’t doing it for
me anymore. I’d rather be someplace else. I’d rather be home asleep. The
people I wanted to talk to aren’t here.” For whatever reason, the party
fails to meet some threshold of interest. And then a really remarkable
thing happens: you don’t leave. You make a decision: “I don’t like this.”
If you were in a bookstore and you said, “I’m done,” you’d walk out. If
you were in a coffee shop and said, “This is boring,” you’d walk out. 

You’re sitting at a party, and you decide, “I don’t like this; I don’t
want to be here.” And then you don’t leave. That kind of social sticki-
ness is what Bion is talking about. 

And then, another really remarkable thing happens. Twenty minutes
later, one person stands up and gets their coat, and what happens?
Suddenly everyone is getting their coats on, all at the same time. Which
means that everyone had decided that the party was not for them, and
no one had done anything about it, until finally this triggering event let
the air out of the group, and everyone kind of felt okay about leaving. 

This effect is so common that it’s sometimes called the “paradox of
groups.” It’s obvious that there are no groups without members. But
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what’s less obvious is that there are no members without a group—
because what would you be a member of? 

So there’s this very complicated moment of a group coming together,
where enough individuals, for whatever reason, sort of agree that some-
thing worthwhile is happening, and the decision they make at that
moment is “This is good and must be protected.” And at that moment,
even if it’s subconscious, you start getting group effects. And the effects
that we’ve seen come up over and over and over again in online com-
munities.

Now, Bion decided that what he was watching with the neurotics
was the group defending itself against his attempts to make the group do
what they said they were supposed to do. This group of people was in
therapy to get better, but they were during therapy defeating the very
things that might help them get better. And after years of these observa-
tions, Bion said there are some very specific patterns that they’re
entering into in order to defeat the ostensible purpose of the group meet-
ing together. And he detailed three patterns. 

The first is sex talk, what he called, in his mid-century prose, “A
group met for pairing off.” And what that means is, the group conceives
of its purpose as the hosting of flirtatious or salacious talk or emotions
passing between pairs of members. 

Imagine going on IRC (internet relay chat, a global set of chat
rooms)—you scan the list of channel names, and you say, “I know what
they are talking about on the #hamradio channel, because I can see the
channel name.” But when you go into the group, you will also almost
invariably find that it’s about sex talk as well, usually expressed as dou-
ble entendres. The topic of sex is always in scope in live human
conversations, according to Bion. (Interestingly, it is a much less fre-
quent pattern in asynchronous communication, like mailing lists, than in
synchronous ones, like IRC.) That is one basic pattern that groups can
always devolve into, away from the sophisticated purpose and toward
one of these basic purposes. 

The second basic pattern that Bion detailed is the identification and
vilification of external enemies. This is a very common pattern. Anyone
who was around the open source movement in the mid-1990s could see
this all the time. If you cared about Linux on the desktop, there was a
big list of jobs to do. But you could always instead get a conversation
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going about Microsoft and Bill Gates. And people would start bleeding
from their ears, they would get so mad. 

The open source movement at the time seemed pretty enemy-free,
because of their mode of working: if you want to make it better, there’s
a list of things to do. Just fix it. But you could always get people wound
up on the subject of Microsoft and Bill Gates, and the foam would start
coming out of their mouths. 

Nothing causes a group to galvanize like an external enemy. So even
if someone isn’t really your enemy, identifying them as an enemy can
cause a pleasant sense of group cohesion. And groups often gravitate
toward members who are the most paranoid and make them leaders,
because those are the people who are best at identifying external ene-
mies.

The third pattern Bion identified is religious veneration—the nomi-
nation and worship of a religious icon or a set of religious tenets. The
religious pattern is, essentially, we have nominated something that’s
beyond critique. You can see this pattern on the Internet any day you
like. Go onto a Tolkien newsgroup or discussion forum, and try saying,
“You know, The Two Towers is a little dull. I mean loooong. We didn’t
need that much description about crossing the forest, because it’s pretty
much the same forest all the way.” 

Try having that discussion. On the door of the group it will say,
“This is for discussing the works of Tolkien.” Go in and try and have
that discussion. 

Now, in some places people say, “Yes, but it needed to, because it had
to convey the sense of lassitude,” or whatever. But in most places you’ll
simply be flamed to high heaven, because you’re interfering with the reli-
gious text. Groups often have some small set of core tenets, beliefs, or
interests that are beyond criticism, because they are the things that hold
the group together. Even in groups founded for fairly intellectual discus-
sion, the emotional piece comes out whenever you threaten one of these
core beliefs, because when you take on those beliefs, you are not just
offering an opinion, you are threatening group cohesion.

Bion’s patterns have shown up on the Internet, not because of the
software, but because it’s being used by humans. Bion has identified this
possibility of groups sandbagging their sophisticated goals with these
basic urges. And what he finally came to, in analyzing this tension, is
that group structure is necessary. Robert’s Rules of Order are necessary.
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Constitutions are necessary. Norms, rituals, laws, the whole list of ways
that we say, out of the universe of possible behaviors, we’re going to
draw a relatively small circle around the acceptable ones, all of those are
ways to keep groups from just wallowing in these patterns and never
actually getting anything done. Anyone who has been in a competitive
industry knows you can kill a two-hour meeting by mentioning what the
competition is up to, at which point everyone will stop thinking about
the hard work of actually getting anything done, and will switch to alter-
nately vilifying the competition and assuring themselves that there is no
threat.

Most importantly, Bion said the various forms of group structure we
have created over the centuries are necessary to defend the group from
itself. Group structure exists to keep a group on target, on track, on
message, on charter, to keep a group focused on its own sophisticated
goals and away from sliding into these basic patterns. Group structure
defends the group from the action of its own members. 

This is a pattern that’s shown up on the network over and over again.
In the 1970s, a BBS called Communitree launched, one of the very early
dial-up BBSs. This was launched when people didn’t own computers—
institutions owned computers. 

Communitree was founded on the principles of open access and free
dialogue. (“Communitree”—doesn’t that say “California in the ’70s”?)
And the notion was, effectively, throw off structure and new and beau-
tiful new social patterns will arise. 

And, indeed, as anyone who has put discussion software into groups
that were previously disconnected has seen, that does happen. Incredible
things happen. The early days of Echo,5 the early days of Usenet, the
early days of Lucasfilms’ Habitat (one of the original multiplayer
games), over and over again, you see all this incredible upwelling of peo-
ple who suddenly are connected in ways they weren’t before. 

But it’s not all beautiful; as time sets in, difficulties emerge. In this
case, one of the difficulties was occasioned by the fact that one of the
institutions that joined Communitree was a high school. And who, in
1978, was hanging out in the room with the computer and the modems
in it but the boys of that high school. And the boys weren’t terribly
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interested in sophisticated adult conversation. They were interested in
fart jokes. They were interested in salacious talk. They were interested in
running amok and posting four-letter words and nyah-nyah-nyah all
over the bulletin board. 

And the adults who had set up Communitree were horrified, because
they were being overrun by these students. The place that was founded
on open access had too much open access, too much openness. They
couldn’t defend themselves against their own users. The place that was
founded on free speech had too much freedom. They had no way of say-
ing, “No, that’s not the kind of free speech we meant.” 

But that was a requirement. In order to defend themselves against
being overrun, that was something that they needed to have that they
didn’t have, and in the end, they simply shut the site down.

Now you could ask whether or not the founders’ inability to defend
themselves from this onslaught, from being overrun, was a technical or
a social problem. Did the software not allow the problem to be solved?
Or was it the social configuration of the group that founded it, where
they simply couldn’t stomach the idea of adding censorship to protect
their system. But in a way, it doesn’t matter, because technical and social
issues are deeply intertwined. There’s no way to completely separate
them.

What matters is, a group designed this and then was unable, in the
context they’d set up, to save it from this attack from within, and that
context was partly technical and partly social. The lesson of
Communitree is that attack from within is what matters. Communitree
wasn’t shut down by people trying to crash the server or flood it from
the outside. It was shut down by people logging in and posting, which is
what the system was designed to allow. The technological patterns of
normal use and attack were so similar at the machine level, there was no
way to specify technologically what should and shouldn’t happen. Some
of the users wanted the system to continue to exist and to provide a
forum for discussion. And other of the users, the high school boys, either
didn’t care or were actively inimical. And the system provided no way
for the former group to defend itself from the latter. 

This pattern has happened over and over and over again. Someone
built the system; they assumed certain user behaviors. The users came on
and exhibited different behaviors. And the people running the system
discovered to their horror that the technological and social issues could
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not in fact be decoupled. This story has been written many times. It’s
actually frustrating to see how many times it’s been written, because
although there’s a wealth of documentation from the field, people start-
ing similar projects often haven’t read these accounts.

The most charitable description of this repeated pattern is “learning
from experience,” but learning from experience is the worst possible
way to learn something. Learning from experience is one up from
remembering—that’s not great. The best way to learn something is when
someone else figures it out and tells you: “Don’t go in that swamp. There
are alligators in there.” 

Learning from experience about the alligators is lousy, compared to
learning from reading, say. There hasn’t been, unfortunately, in this
arena, a lot of learning from reading. And so, the essay “Lessons from
Lucasfilms’ Habitat,”6 written in 1990, reads a lot like Rose Stone’s
description of Communitree from 1978. 

There’s a great document called “LambdaMOO Takes a New
Direction,” which is about the wizards of LambdaMOO, Pavel Curtis’s
Xerox PARC experiment in building a MUD7 world. And one day the
wizards of LambdaMOO announced, “We’ve gotten this system up and
running, and all these interesting social effects are happening.
Henceforth we wizards will only be involved in technological issues.
We’re not going to get involved in any of that social stuff.” 

And then, I think about 18 months later, the wizards come back,
extremely cranky. And they say, “What we have learned from you whin-
ing users is that we can’t do what we said we would do. We cannot
separate the technological aspects from the social aspects of running a
virtual world. 

“So we’re back, and we’re taking wizardly fiat back, and we’re going
to do things to run the system. We are effectively setting ourselves up as
a government, because this place needs a government, because without
us, everything was falling apart.” 

People who work on social software are closer in spirit to economists
and political scientists than they are to people making compilers. They
both look like programming, but when you’re dealing with groups of
people as one of your runtime phenomena, you have an incredibly
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different practice. In the political realm, we would call these kinds of
crises a constitutional crisis. It’s what happens when the tension between
the individual and the group, and the rights and responsibilities of indi-
viduals and groups, gets so serious that something has to be done. 

And the worst crisis is the first crisis, because it’s not just “We need
to have some rules.” It’s also “We need to have some rules for making
some rules.” And this is what we see over and over again in large and
long-lived social software systems. Constitutions are a necessary com-
ponent of large, long-lived, heterogeneous groups. 

Geoff Cohen has a great observation about this. He said, “The like-
lihood that any unmoderated group will eventually get into a flame-war
about whether or not to have a moderator approaches one as time
increases.” As a group commits to its existence as a group, and begins to
think that the group is good or important, the chance that they will
begin to call for additional structure, in order to defend themselves from
themselves, gets very, very high. 

Part Two: Why Now? 
If these things I’m saying have happened so often before, have been

happening and been documented and we’ve got psychological literature
that predates the Internet, what’s going on now that makes this impor-
tant?

I can’t tell you precisely why, but observationally there is a revolution
in social software going on. The number of people writing tools to sup-
port or enhance group collaboration or communication is astonishing. 

The Web turned us all into size queens for six or eight years there. It
was loosely coupled, it was stateless, it scaled like crazy, and everything
became about how big you could get. “How many users does Yahoo
have? How many customers does Amazon have? How many readers
does MSNBC have?” And the answer could be “A lot!” But MSNBC,
say, could only get a lot if they didn’t have to be talking with their users,
just talking to them, and they didn’t have to figure out a way to let those
readers talk to each other. 
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The downside of going for size and scale above all else is that the
dense, interconnected pattern that drives group conversation and col-
laboration isn’t supportable at any large scale. Less is different—small
groups of people can engage in kinds of interaction that large groups
can’t, and during the Web years, we blew past that interesting scale of
small groups. In groups of larger than a dozen but smaller than a few
hundred, there are conversational forms that can’t be supported when
you’re talking about thousands or millions of users a single group. 

We’ve had things like mailing lists and BBSs for a long time. More
recently we’ve had IM, and we’ve had these various tools for a while.
But now, all of a sudden, a bunch of new forms are spreading. We’ve
gotten weblogs and wikis, and I think, even more importantly, we’re get-
ting platform stuff. We’re getting RSS. We’re getting shared Flash
objects. We’re getting ways to quickly build on top of some infrastruc-
ture we can take for granted, that lets us try new things very rapidly. 

I was talking to Stewart Butterfield about Flickr, the application
they’re launching here. I said, “Hey, how’s that going?” He said, “Well,
we only had the idea for it two weeks ago. So this is the launch.” When
you can go from “Hey, I’ve got an idea” to “Let’s launch this in front of
a few hundred serious geeks and see how it works,” that suggests that
there’s a platform there that is letting people do some really interesting
things really quickly. It’s not that you couldn’t have built a similar appli-
cation a couple of years ago, but the cost would have been much higher.
And when you lower costs, interesting new kinds of things happen. 

So the first answer to Why Now? is simply, “Because it’s time.” I
can’t tell you why it took as long for weblogs to happen as it did, except
to say it had absolutely nothing to do with technology. We had every bit
of technology we needed to do weblogs in 1994, the day Mosaic
launched the first forms-capable browser. Every single piece of it was
right there. Instead, we got Geocities. Why did we get Geocities and not
weblogs? We didn’t know what we were doing. 

One was a bad idea; the other turns out to be a really good idea. It
took a long time to figure out that people talking to one another, instead
of simply uploading badly scanned photos of their cats, would be the
real source of value. 

We got the weblog pattern in around ’96 with Drudge. We got
weblog platforms starting in ’98. The thing really was taking off in
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2000. By last year, it was “Omigod, this thing is going mainstream, and
it’s going to change everything.”

The vertigo moment for me was when Phil Gyford launched the
Pepys weblog, Samuel Pepys’ diaries of the 1660s turned into a weblog
form, with a new post every day from Pepys’ diary. What that said to me
was that Phil was asserting, and I now believe, that weblogs will be
around for at least 10 years, because that’s how long Pepys kept a diary.
And that was this moment of projecting into the future: this is now
infrastructure we can take for granted. 

Why was there an eight-year gap between a forms-capable browser
and the Pepys diaries? It just takes a while for people to get used to these
ideas, to understand the technical form well enough to put it to socially
novel uses. 

The other big change is that the social software people are building
now is web-native, built on the Web from the ground up. When you got
social software on the Web in the mid-1990s, a lot of it was enterprise
software with a web front-end slapped on: “This is the Giant Lotus
Dreadnought, now with New Lightweight Web Interface!” It never felt
like the Web. It felt like this hulking thing tarted up with some clickable
icons.

A weblog is web-native. It’s the Web all the way in. A wiki is a web-
native way of hosting collaboration. It’s lightweight, it’s loosely coupled,
it’s easy to extend, it’s easy to break down. And it’s not just the surface,
like “Oh, you can just do things in a form.” It assumes HTTP is trans-
port. It assumes markup in the coding. RSS is a web-native way of doing
syndication. So we’re taking all of these tools and we’re extending them
in a way that lets us build new things really quickly. 

The third thing that’s happening now to accelerate social software is
that, in David Weinberger’s felicitous phrase, we have a “Small Pieces
Loosely Joined” way of making software. It’s really worth looking into
what Joi Ito is doing with the Emergent Democracy movement, even if
you’re not interested in the themes of emerging democracy. This started
because a conversation was going on, and Ito said, “I am frustrated. I’m
sitting here in Japan, and I know all of these people are having these con-
versations in real time with one another. I want to have a group
conversation, too. I’ll start a conference call. 

“But since conference calls are so lousy on their own, I’m going to
bring up a chat window at the same time.” And then, in the first
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meeting, I think it was Pete Kaminski who said, “Well, I’ve also opened
up a wiki, and here’s the URL.” And he posts the URL of the wiki in the
chat window. And people on the call also start annotating things in the
wiki, adding bookmarks in the chat channel, and so on. The meeting is
going on in three separate modes at the same time, two in real time (the
phone and the chat) and one annotated (the wiki). 

You know how conference calls usually are: either one or two people
dominate it, or everyone’s walking over each other, interrupting and cut-
ting each other off. It’s very difficult to coordinate speakers in a
conference call because people can’t see one another, which makes it
hard to manage the interrupt logic. In Joi’s conference call, the interrupt
logic got moved to the chat room. People would type “Hand,” and the
moderator of the conference call will then type, “You’re speaking next,”
in the chat. So the conference call flowed incredibly smoothly, because
the chat provided a kind of control channel for the speaking. 

Meanwhile, in the chat, people are annotating what people are say-
ing. “Oh, that reminds me of So-and-so’s work.” Or “You should look
at this URL. . . you should look at that ISBN number.” In a conference
call, to read out a URL, you have to spell it out—“No, no, no, it’s w w
w dot net dash. . .” In a chat window, you get it and you can click on it
right there. You can say, in the conference call or the chat: “Go over to
the wiki and look at this.” 

This is a broadband, multimedia conference call, but it isn’t imple-
mented as a single giant thing. It’s just three little pieces of software, laid
next to each other and held together with a little bit of social glue. This
is an incredibly powerful pattern. It’s different from “Let’s take the
Lotus juggernaut and add a web front-end.” 

And the fourth and final driving the current revolution in social soft-
ware is ubiquity. The Web has been growing for a long, long time. In the
beginning, just a few people had web access, and then lots of people had
web access, and then most people had web access. But something differ-
ent is happening now. In many situations, all people have access to the
network. And “all” is a different kind of amount than “most.” “All” lets
you start taking things for granted. 

Now, the Internet isn’t everywhere in the world. It isn’t even every-
where in the developed world. But for some groups of people—students,
people in high-tech offices, knowledge workers—everyone they work
with is online. Everyone they’re friends with is online. Everyone in their
family is online. 
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This pattern of ubiquity lets you start taking this for granted. Bill Joy
once said, “My method is to look at something that seems like a good
idea and assume it’s true.” We’re starting to see software that simply
assumes that all offline groups will have an online component, no mat-
ter what. It is now possible for every grouping, from a Girl Scout troop
on up, to have an online component, and for it to be lightweight and
easy to manage. And that’s a different kind of thing than the old pattern
of “online community.” I have this Venn diagram image of two hula
hoops, where my real life is off to the left, and my online life is off to the
right, and I’m the only thing in common between the two; people in my
offline world are different than people in my online world. And for most
of the last 30 years, the Net has been like that—you had different friends
online than offline. If the hula hoops are swung together, though, so that
everyone who’s offline is also online, that’s a different kind of pattern. In
a world of ubiquitous Net access, the split between offline and online is
not between different groups, but between different modes of interacting
in one group.

There’s a second kind of ubiquity, which is the kind we’re enjoying
here at the conference, thanks to the Wifi network at the conference. If
you assume whenever a group of people are gathered together that they
can be both face to face and online at the same time, you can start to do
different kinds of things than if real versus virtual communications are
treated as separate cases. I don’t run a real-world meeting now without
either having a chat room or a wiki up and running. Three weeks ago I
ran a meeting for the Library of Congress. We had a wiki, set up by
Socialtext, and used it during the meeting to capture a large and very
dense amount of technical information on long-term digital preserva-
tion.

It really quickly becomes an assumption that a group can do things
like “Oh, I took my PowerPoint slides, I showed them, and then I
dumped them into the wiki. So now you can get at them.” It becomes a
sort of shared repository for group memory. This is new. These kinds of
ubiquity, both “everyone is online,” and “everyone who’s in a room can
be online together at the same time,” are leading to new patterns. 
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Part Three: What Can We Take
for Granted? 

If these assumptions are right—first that a group is its own worst enemy,
and second, we’re seeing this explosion of social software—what should
we do? Can we say anything with any certainty about building social
software, at least for large and long-lived groups? 

I think we can. A little over 10 years ago, I quit my day job, because
Usenet was so interesting. I thought at the time, “This is really going to
be big.” And I actually wrote a book called Voices from the Net, about
Net culture at the time, Usenet, the Well, Echo, IRC, and so forth. It was
published in April of ’95, just as that world was being washed away by
the Web. But it was my original interest, so I’ve been looking at this
problem in one way or another for 10 years, and I’ve been looking at it
pretty hard for a year and a half or so. 

So there’s this question: “What is required to make a large, long-lived
online group successful?” I think I can now answer with some confi-
dence: “It depends.” (I’m hoping to flesh that answer out a little bit in
the next 10 years.)

But I can at least say some of the things it depends on. The Calvinists
had a doctrine of natural grace and supernatural grace. Natural grace
was, “You have to do all the right things in the world to get to heaven. . .”
and supernatural grace was, “. . .and God has to anoint you.” And you
never knew if you had supernatural grace or not. This was their way of
getting around the fact that the book of Revelation put an upper limit on
the number of people who were going to heaven. 

Social software is like that. You can find the same piece of code run-
ning in many, many environments. And sometimes it works and
sometimes it doesn’t. So there is something supernatural about groups,
where having good software alone isn’t enough, because the social
behavior of groups is a runtime experience. 
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The normal experience of social software is failure. If you go into
Yahoo groups and you map out the subscriptions, it is, unsurprisingly, a
power law. There’s a small number of highly populated groups, a mod-
erate number of moderately populated groups, and this long, flat tail of
failure. And the failure is inevitably more than 50% of the total mailing
lists in any category. So it’s not like a cake recipe. There’s nothing you
can do to make it come out right every time. 

There are, however, I think, about half a dozen things that are
broadly true of all the groups I’ve looked at and all the online constitu-
tions I’ve read for software that supports large and long-lived groups.
And I’d break that list in half. I’d say, if you are going to create a piece
of social software designed to support large groups, you have to accept
three things, and design for four things. 

Three Things to Accept 
1.) Of the things you have to accept, the first is that you cannot com-
pletely separate technical and social issues. There are two attractive
patterns for thinking about the intersection of social and technological
issues. One says, “We’ll handle technology over here, we’ll do social
issues there. We’ll have separate mailing lists with separate discussion
groups, or we’ll have one track here and one track there.” This doesn’t
work; you can’t separate the two. It’s never been stated more clearly
than in the pair of documents called “LambdaMOO Takes a New
Direction” that I referred to earlier. I can do no better than to point you
to those documents. 

This may seem obvious, but it’s one of those patterns that gets end-
lessly repeated. I recently was on a social software discussion list, and
someone said, “Hey everybody, I know! Let’s set up a second mailing list
for just discussing the technical issues.” The LambdaMOO docs were
written in the early ’90s, here it is 2003, and people still want to believe
that the technology has some kind of clean edge that separates from the
behavior of the mere users. And of course what happened when the sec-
ond technical mailing list was created? Nothing. Nothing happened. No
one moved the conversations away from the first list; no one could fork
the conversation between social and technical issues, because the con-
versation can’t be forked.
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There’s another way of thinking about tech and social dynamics
that’s very, very attractive—anybody who looks at this stuff has the
same epiphany: “Omigod, the software is determining what people do!”
And that is true, up to a point. But you cannot completely program
social issues either—different mailing lists run on the same software but
have different cultures; both Slashdot and Plastic.com run on the same
software platform, but they have very different cultures too. 

You can’t separate technological effects from social ones, and you
can’t specify all social issues in technology. The group is going to assert
its existence independently of the software somehow, and you’re going
to get a mix of social and technological effects. 

The group is real. It will exhibit emergent effects. It can’t be ignored,
and it can’t be programmed, which means you have an ongoing issue.
And the best pattern, or at least the pattern that’s worked the most
often, is to put into the hands of the group itself the responsibility for
defining what value is, and defending that value, rather than trying to
describe everything in the software up front. 

2.) The second thing you have to accept: members are different from
users. A pattern will arise in which there is some group of users that
cares more than average about the integrity and success of the group as
a whole. And that becomes your core group, Art Kleiner’s phrase for
“the group within the group that matters most.” 

The core group on Communitree was undifferentiated from the
group of random users that came in. They were separate in their own
minds, because they knew what they wanted to do, but they couldn’t
defend themselves against the other users. But in all successful online
communities that I’ve looked at, a core group arises that cares about the
community as a whole—not just their part of it—and that gardens effec-
tively and takes care of the social environment by encouraging good
behavior and discouraging bad behavior. 

Now, if the software does not always allow the core group to express
itself, it will invent new ways of doing so. On alt.folklore.urban, the
Usenet discussion group about urban folklore, a group of people hung
out together and, over time, got to be friends. Enough of these AFU reg-
ulars were also Silicon Valley dwellers that they decided to get together
for a real-world barbecue, and to coordinate that, they set up a separate
mailing list, which they called the Old Hats list.
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After the barbecue, though, the mailing list stayed up, and member-
ship was extended to other AFU readers, but only selectively, only to
those members who’d been around AFU long enough to get to know
everyone—the average reader of AFU didn’t even know the mailing list
existed. Old Hats became a place for meta-discussion, discussion about
AFU, and the members of Old Hats began to coordinate efforts formally
if they were going to troll someone or flame someone or ignore someone
in alt.folklore.urban itself.

Then, as Usenet kept growing, many newcomers arrived and seemed
to like the environment, because it was well run. In order to defend
themselves from the scaling issues that come from of adding a lot of new
members to the Old Hats list, they said, “We’re starting a second list,
called the Young Hats.” 

So AFU ended up with this three-tier system, not dissimilar to the
tiers of anonymous cowards, logged-in users, and people with high
karma on Slashdot. But because Usenet didn’t let the AFU core group do
it in the software, they brought in other pieces of software, these mailing
lists, that they needed to build the structure. So you don’t get the pro-
gram users—in any healthy group, the members in good standing will
find one another and be recognized by one another. 

3.) The third thing you need to accept: the core group has rights that
trump individual rights in some situations. This pulls against the liber-
tarian view that’s quite common on the network, and it absolutely pulls
against the one-person/one-vote notion. But you can see examples of
how bad an idea voting is when citizenship is the same as ability to log
in.

In the early ’90s, a proposal went out to create a Usenet newsgroup
for discussing Tibetan culture, to be called soc.culture.tibet. And it
was voted down, in large part because a number of Chinese students
who had Internet access voted it down, on the logic that Tibet wasn’t a
country; it was a region of China. And in their view, since Tibet wasn’t
a country, there oughtn’t be any place to discuss its culture, because that
was oxymoronic. 

Now, everyone could see that this was the wrong answer. The people
who wanted a place to discuss Tibetan culture should have it. That was
the core group. But because the one-person/one-vote model on Usenet
said, “Anyone who’s on Usenet gets to vote on any group,” sufficiently
contentious groups could simply be voted away. 
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Imagine today if, in the United States, Internet users had to be polled
before any discussion group opposed to the war in Iraq could be created,
or French users had to be polled before any pro-war group could be cre-
ated. The people who want to have those discussions are the people who
matter, and absolute citizenship, with the idea that if you can log in, you
are a citizen, can actually be a harmful pattern, because it allows the
tyranny of the majority. The core group needs ways to defend itself so
that it can keep the larger group concentrated on its sophisticated goals
and away from its basic instincts. 

The Wikipedia (the group-created online encyclopedia) has a similar
system today, with a “volunteer fire department,” a group of people
who care to an unusual degree about the success of the Wikipedia. And
since they have enough leverage (because of the way wikis work, they
can always roll back graffiti and so forth), that thing has stayed up
despite repeated attacks. So leveraging the core group is a really power-
ful system. 

And because of the difficulty in maintaining a focus on sophisticated
goals, all groups of any integrity have a constitution. There is always an
informal piece of the Constitution, and there is sometimes a formal piece
as well, an explicit and publicly examinable piece. At the very least, the
formal part is what’s instantiated in code—“the software works this
way.” The informal part is the sense of “how we do it around here.”
And no matter how it is substantiated in code or written in charter,
whatever, there will always be an informal part as well. You can’t sepa-
rate the two. 

Now, when I say these are three things you have to accept, I mean
you have to accept them, because if you don’t accept them up front,
they’ll happen to you anyway. And then you’ll end up writing one of
those documents that says, “Oh, we launched this and we tried it, and
then the users came along and did all these weird things. And now we’re
documenting it so future ages won’t make this mistake”—even though
you didn’t read the thing that was written in 1978. 

Four Things to Design For 
In addition to the things you have to accept, the forced moves, I also
believe there are a handful of things designers of group software need to
design for:
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1.) The first thing you would design for is handles the user can invest
in. Now, I say “handles” because I don’t want to say “identity”; identity
has recently become one of those ideas where, when you pull on the lit-
tle thread you want, this big bag of stuff comes along with it. Identity is
such a hot-button issue now, but for the lightweight stuff required for
social software, it’s really just a handle that matters. 

It’s pretty widely understood that anonymity doesn’t work well in
group settings, because “who said what when” is the minimum require-
ment for having a conversation. What’s less well understood is that
weak pseudonymity doesn’t work well, either, because I need to associ-
ate who’s saying something to me now with previous conversations. 

The world’s best reputation management system is right here, in the
brain. And actually, it’s right here, in the back, in the emotional part of
the brain. Almost all the work being done on reputation systems today
is either trivial or useless or both, because in most human situations, rep-
utations aren’t easy to make explicit. eBay has done us all an enormous
disservice, because eBay works in noniterated atomic transactions,
which are the opposite of social situations. eBay’s reputation system
works incredibly well, because it starts with a simple transaction (“How
much money for how many Smurfs?”) and turns that into a metric that’s
equally linear. That doesn’t work well in social situations, where karma,
a.k.a. nonreciprocal altruism, is a much subtler and more diffuse thing
than eBay’s reputation is.

Reputation is also not generalizable or portable. There are people
who will cheat on their spouse but not at cards, and vice versa, and both,
and neither. Reputation in one situation is not necessarily directly
portable to another.

If you want a good reputation system, just let me remember who you
are. And if you do me a favor, I’ll remember it. And I won’t store it in the
front of my brain; I’ll store it here, in the back. I’ll just get a good feel-
ing next time I get email from you; I won’t even remember why. And if
you do me a disservice and I get email from you, my temples will start to
throb, and I won’t even remember why. If you give users a way of
remembering one another, reputation will happen, and that requires
nothing more than simple and somewhat persistent handles. 

Users have to be able to identify themselves and there has to be a
penalty for switching handles. The penalty for switching doesn’t have to
be total. But if I change my handle on the system, I have to lose some
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kind of reputation or some kind of context. This keeps the system func-
tioning.

Of course, this pulls against the sense that we’ve had since the early
psychological writings about the Internet. “Oh, on the Internet we’re all
going to be changing identities and genders like we change our socks.”
But this sense of completely fluid identity is disrupted by things like the
Kaycee Nicole story.

The story is baroque, but the basic outline is simple: a woman in
Kansas was living online in an alternate persona, a high school student
named Kaycee Nicole, and then, because the invented high school stu-
dent’s friends got so emotionally involved, the woman decided to kill her
persona off, and so she began reporting, in the persona of Kaycee
Nicole, that she had contracted a fatal disease. 

So here’s this attractive young woman everyone has befriended and
now she’s dying, and what happens? Everyone wants to fly to meet her
before she goes. So then woman sort of panicked and Kaycee Nicole
vanished. And a bunch of places on the Internet, particularly the
MetaFilter community, started to smell a rat. And dozens of those peo-
ple spent hundreds of hours trying to find out what was going on—it
was sort of a distributed detective movement—and they eventually
uncovered the hoax by putting all the various pieces together from
Nicole’s various posts.

Now a number of people point to this and say, “See, I told you about
how fluid identity is online!” But that’s not the lesson of the Kaycee
Nicole story; the important lesson is this: changing your identity is really
weird. And when the community understands that you’ve been doing it
and you’re faking, that is seen as a huge and violent transgression. And
they will expend an astonishing amount of energy to find you and pun-
ish you. So identity is much less slippery than the early literature would
lead us to believe, because although the technology makes fluid identity
easy, social life demands some degree of fixity. And all you need is a sys-
tem with some sort of persistent handle, and users will invest them with
all the trappings of identity and even the layers above that like reputa-
tion.

2.) Second, you have to design a way for there to be members in good
standing, some way in which good works get recognized. The minimal
way is, posts appear with identity. You can do more sophisticated things
like having formal karma or listing “member since” dates or noting who
is a Pro user who helps fund the system.
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I’m on the fence about whether or not this is a design worth accept-
ing, because in a way I think members in good standing will rise. But
more and more of the systems I’m seeing launching these days are hav-
ing some kind of additional accretion so you can tell how much
involvement members have with the system. 

There’s an interesting pattern I’m seeing among the music-sharing
group that operates between Tokyo and Hong Kong. They operate on a
mailing list, which they set up for themselves. But when they’re trading
music, what they’re doing is, they’re FedExing one another 180-gig
hard-drives. So they’re sending each other .wav files and not MP3s, and
they’re sending them in bulk. 

Now, you can imagine that such a system might be a target for organ-
izations that would frown on this activity. So when you join that group,
your username is appended with the username of the person who is your
sponsor. You can’t get in without your name being linked to someone
else. You can see immediately the reputational effects going on there,
just from linking two handles. 

So in that system, you become a member in good standing when your
sponsor link goes away and you’re there on your own report. If, on the
other hand, you defect, not only are you booted, but your sponsor is
booted. There are lots and lots of lightweight ways to accept and work
with the idea of member in good standing. 

3.) Three, you need some barriers to participation, however small.
This is one of the things that killed Usenet, because there was almost no
barrier to posting, leading to both generic system failures like spam, and
also specific failures, like constant misogynist attacks in any group
related to feminism, or racist attacks in any group related to African-
Americans. You have to have some cost to either join or participate, if
not at the lowest level, then at higher levels. There needs to be some kind
of segmentation of capabilities. 

Now, the segmentation can be total—you’re in or you’re out, as with
the music group I just listed. Or it can be partial—anyone can read
Slashdot, anonymous cowards can post, non-anonymous cowards can
post with a higher rating. But to moderate, you really have to have been
around for a while. It has to be hard to do at least some things on the
system for some users, or the core group will not have the tools that they
need to defend themselves. 
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Now, this pulls against the cardinal programming virtue of ease of
use, but ease of use is the wrong goal for social software. Ease of use is
the wrong way to look at the situation, because you’ve got the Necker
cube flipped in the wrong direction, toward the individual, when in fact,
the user of a piece of social software is the group. 

The groups’ goals sometimes differ from those of the individual
members, and the user of social software is the group, so ease of use
should be for the group. If the ease of use is only calculated from the
user’s point of view, it will be difficult to defend the group from the
“group is its own worst enemy” style attacks from within. 

I think we’ve all been to meetings where everyone had a really good
time, everyone was telling jokes and laughing, and it was a great meet-
ing, except we got nothing done. Everyone was amusing themselves so
much that the group’s goal was defeated by the individual interventions.

4.) Finally, you have to find a way to spare the group from scale.
Scale alone kills conversations, because conversations require dense
two-way conversations. In conversational contexts, Metcalfe’s Law—
the number of connections grows with the square of the number of
nodes—is a drag. Since the number of potential two-way conversations
in a group grows so much faster than the size of the group itself, the den-
sity of conversation falls off very fast as the system scales up even a little
bit. You have to have some way to let users hang onto the “less is more”
pattern, in order to keep associated with one another. 

This is an “inverse value to scale” issue. Think about your Rolodex:
a thousand contacts, maybe 150 people you can call friends, 30 people
you can call close friends, two or three people you’d donate a kidney to.
The value is inverse to the size of the group. And you have to find some
way to protect the group within the context of those effects. 

Sometimes you can do soft forking. LiveJournal does the best soft
forking of any software I’ve ever seen, where the concepts of “you” and
“your group” are pretty much intertwined. The average size of a
LiveJournal group is about a dozen people. And the median size is
around five. 

But each user is a little bit connected to other such clusters, through
their friends, and so while the clusters are real, they’re not completely
bounded—there’s a soft overlap, which means that although most users
participate in small groups, most of the half-million LiveJournal users
are connected to one another through some short chain. 
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Some pieces of social software, like IRC channels and mailing lists,
are self-moderating with scale, because as the signal-to-noise ratio gets
worse, people start to drop off, until it gets better, so people join, and so
it gets worse. You get these sorts of oscillating patterns, but the overall
system is self-correcting. 

And then my favorite pattern is from MetaFilter, which is: when we
start seeing effects of scale, we shut off the new user page. “Someone
mentions us in the press and how great we are? ’Bye!” That’s a way of
raising the bar; that’s creating a threshold of participation. And anyone
who bookmarks that page and says, “You know, I really want to be in
there; maybe I’ll go back later,” that’s the kind of user MeFi wants to
have.

You have to find some way to protect your own users from scale.
This doesn’t mean the scale of the whole system can’t grow. But you
can’t try to make the system large by taking individual conversations
and blowing them up like a balloon; human interaction, many-to-many
interaction, doesn’t blow up like a balloon. It either dissipates, or turns
into broadcast, or collapses. So plan for dealing with scale in advance,
because it’s going to happen anyway. 

Conclusion
Now, those four things are of course necessary but not sufficient condi-
tions. I propose them more as a platform for building the interesting
differences off. There are lots and lots and lots of other effects that make
different bits of software interesting enough that you would want to
keep more than one kind of pattern around. But those are commonali-
ties I’m seeing across a range of social software for large and long-lived
groups.

In addition, you can do all sorts of things with explicit clustering,
whether it’s guilds in massively multiplayer games, or communities on
LiveJournal or what have you. You can do things with conversational
artifacts, where the group participation leaves behind some record.
Right now, the Wikipedia is the most interesting conversational artifact
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I know of, where product is a result of process. Rather than “We’re
specifically going to get together and create this presentation,” it’s just
“What’s left is a record of what we said.” 

There are all these things, and of course they differ platform to plat-
form. But there is, I believe, this common core of things that will happen
whether you plan for them or not, and things you should plan for, that I
think are invariant across large communal software. 

Writing social software is hard. And, as I said, the act of writing
social software is more like the work of an economist or a political sci-
entist. And the act of hosting social software, the relationship of
someone who hosts it is more like a relationship of landlords to tenants
than owners to boxes in a warehouse. 

The people using your software, even if you own it and pay for it,
have rights and will behave as if they have rights. And if you abrogate
those rights, you’ll hear about it very quickly. 

That’s part of the problem that the John Hegel theory of commu-
nity—“community leads to content, which leads to commerce”—never
worked. Because lo and behold, no matter who came onto the Clairol
chat boards, they sometimes wanted to talk about things that weren’t
Clairol products. 

“But we paid for this! This is the Clairol site!” say the sponsors.
Doesn’t matter. The users are there for one another. They may be there
on hardware and software paid for by you, but the users are there for
one another. 

The patterns here, I am suggesting, both the things to accept and the
things to design for, are givens. Assume that addressing these issues is a
forced move in the social platform, and then you can start going out and
building on top of that the interesting stuff that I think is going to be the
real result of this period of experimentation with social software. 

Thank you very much. 
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Clay Shirky

GROUP AS USER: FLAMING
AND THE DESIGN OF
SOCIAL SOFTWARE1

Moments after announcing the need to study the sociology of
human-to-human, computer-mediated software, Clay Shirky bril-
liantly gets busy, drilling down into the specific phenomenon of
flaming, reminiscent of the great ethnographies of yore, more like
Margaret Mead’s studies of the sexual habits of Pacific Islanders
than a typical software paper.2 – Ed.

When we hear the word “software,” most of us think of things like
Word, PowerPoint, or Photoshop, tools for individual users. These

tools treat the computer as a box, a self-contained environment in which
the user does things. Much of the current literature and practice of soft-
ware design—feature requirements, UI design, usability testing—targets
the individual user, functioning in isolation. 

And yet, when we poll users about what they actually do with their
computers, some form of social interaction always tops the list—conver-
sation, collaboration, playing games together, and so on. The practice of

1. Clay Shirky, “Group as User: Flaming and the Design of Social Software,” Clay Shirky’s
Writings About the Internet (http://shirky.com), November 5, 2004. See
http://shirky.com/writings/group_user.html.

2. “Flaming” refers to criticizing someone strongly online, for example through email or on
discussion groups. – Ed.



software design is shot through with computer-as-box assumptions,
while our actual behavior is closer to computer-as-door, treating the
device as an entrance to a social space. 

We have grown quite adept at designing interfaces and interactions
between people and machines, but our social tools—the people-to-people
software the users actually use most often—remain badly mis-fit to their
task. Social interactions are far more complex and unpredictable than
human/computer interaction, and that unpredictability defeats classic
user-centric design. As a result, tools used daily by tens of millions are
either ignored as design challenges, or treated as if the only possible site
of improvement is the user-to-tool interface. 

The design gap between computer-as-box and computer-as-door per-
sists because of a diminished conception of the user. The user of a piece
of social software is not just a collection of individuals but a group.
Individual users take on roles that only make sense in groups: leader, fol-
lower, peacemaker, process enforcer, and so on. There are also behaviors
that can only occur in groups, from consensus building to social climb-
ing. And yet, despite these obvious differences between personal and
social behaviors, we have very little design practice that treats the group
as an entity to be designed for. 

There is enormous value to be gotten in closing that gap, and it
doesn’t require complicated new tools. It just requires new ways of look-
ing at old problems. Indeed, much of the most important recent work in
social software has been technically simple but socially complex. 

Learning from Flame Wars 
Mailing lists were the first widely available piece of social software. (The
PLATO system beat mailing lists by a decade, but had a limited user
base.) Mailing lists were also the first widely analyzed virtual communi-
ties. And for roughly 30 years, almost any description of mailing lists of
any length has mentioned flaming, the tendency of list members to forgo
standards of public decorum when attempting to communicate with
some ignorant moron whose to stupid to know how too spell and
deserves to DIE, die a PAINFUL DEATH, you PINKO SCUMBAG!!! 
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Yet despite three decades of descriptions of flaming, it is often treated
by designers as a mere side effect, as if each eruption of a caps-lock-on
argument were surprising or inexplicable. 

Flame wars are not surprising; they are one of the most reliable fea-
tures of mailing list practice. If you assume a piece of software is for what
it does, rather than what its designer’s stated goals were, then mailing list
software is, among other things, a tool for creating and sustaining heated
argument. (This is true of other conversational software as well—the
WELL, Usenet, web BBSs, and so on.) 

This tension in outlook, between “flame war as unexpected side
effect” and “flame war as historical inevitability,” has two main causes.
The first is that although the environment in which a mailing list runs is
computers, the environment in which a flame war runs is people. You
couldn’t go through the code of the Mailman mailing list tool, say, and
find the comment that reads “The next subroutine ensures that misun-
derstandings between users will be amplified, leading to name-calling
and vitriol.” Yet the software, when adopted, will frequently produce
just that outcome. 

The user’s mental model of a word processor is of limited impor-
tance—if a word processor supports multiple columns, users can create
multiple columns; if not, then not. The users’ mental model of social
software, on the other hand, matters enormously. For example, “per-
sonal home pages” and weblogs are very similar technically—both
involve local editing and global hosting. The difference between them
was mainly in the user’s conception of the activity. The pattern of
weblogging appeared before the name weblog was invented, and the
name appeared before any of the current weblogging tools were
designed. Here the shift was in the user’s mental model of publishing,
and the tools followed the change in social practice. 

In addition, when software designers do regard the users of social
software, it is usually in isolation. There are many sources of this habit:
ubiquitous network access is relatively recent, it is conceptually simpler
to treat users as isolated individuals than as social actors, historical
design practice has focused on individuals, and so on. The cumulative
effect is to make maximizing individual flexibility a priority, even when
that may produce conflict with the group goals. 

Flaming, an un-designed-for but reliable product of mailing list soft-
ware, was our first clue to the conflict between the individual and the
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group in mediated spaces, and the initial responses to it were likewise an
early clue about the weakness of the single-user design center. 

Netiquette and Kill Files 
The first general response to flaming was netiquette. Netiquette was a
proposed set of behaviors that assumed that flaming was caused by
(who else?) individual users. If you could explain to each user what was
wrong with flaming, all users would stop. 

This mostly didn’t work. The problem was simple—the people who
didn’t know netiquette needed it most. They were also the people least
likely to care about the opinion of others, and thus couldn’t be easily
convinced to adhere to its tenets.3

Interestingly, netiquette came tantalizingly close to addressing group
phenomena. Most versions advised, among other techniques, contacting
flamers directly rather than replying to them on the list. Anyone who has
tried this technique knows it can be surprisingly effective. Even here,
though, the collective drafters of netiquette misinterpreted this tech-
nique. Addressing the flamer directly works not because it makes him
realize the error of his ways, but because it deprives him of an audience.
Flaming is not just personal expression, it is a kind of performance,
brought on in a social context. 

This is where the “direct contact” strategy falls down. Netiquette
docs typically regarded direct contact as a way to engage the flamer’s
rational self, and convince him to forgo further flaming. In practice,
though, the recidivism rate for flamers is high. People behave differently
in groups, and while momentarily engaging them one-on-one can have a
calming effect, that is a change in social context rather than some kind
of personal conversion. Once the conversation returns to a group set-
ting, the temptation to return to performative outbursts also returns. 

Another standard answer to flaming has been the kill file, sometimes
called a bozo filter, which is a list of posters whose comments you want
filtered by the software before you see them. (In the lore of Usenet, there
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is even a sound effect—*plonk*—that the kill-file-ee is said to make
when dropped in the kill file.) 

Kill files are also generally ineffective, because merely removing one
voice from a flame war doesn’t do much to improve the signal-to-noise
ratio4—if the flamer in question succeeds in exciting a response, remov-
ing his posts alone won’t stem the tide of pointless replies. And although
people have continually observed (for 30 years now) that “if everyone
just ignores user X, he will go away,” the logic of collective action makes
that outcome almost impossible to orchestrate—it only takes a couple of
people rising to the bait to trigger a flame war, and the larger the group,
the more difficult it is to enforce the discipline required of all members. 

The Tragedy of the Conversational
Commons

Flaming is one of a class of economic problems known as the Tragedy of
the Commons.5 Briefly stated, the Tragedy of the Commons occurs
when a group holds a resource but each of the members has an incentive
to overuse it. (The original essay used the illustration of shepherds with
a common pasture. The group as a whole has an incentive to maintain
the long-term viability of the commons, but with each individual having
an incentive to overgraze, to maximize the value they can extract from
the communal resource.) 

In the case of mailing lists (and, again, other shared conversational
spaces), the commonly held resource is communal attention. The group
as a whole has an incentive to keep the signal-to-noise ratio high and the
conversation informative, even when contentious. Individual users,
though, have an incentive to maximize expression of their point of view,
as well as maximizing the amount of communal attention they receive.
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It is a deep curiosity of the human condition that people often find neg-
ative attention more satisfying than inattention, and the larger the
group, the likelier someone is to act out to get that sort of attention. 

However, proposed responses to flaming have consistently steered
away from group-oriented solutions and toward personal ones. The
logic of collective action, alluded to earlier, rendered these personal solu-
tions largely ineffective. Meanwhile, attempts at encoding social
bargains weren’t made because of the twin forces of door culture (a
resistance to regarding social features as first-order effects) and a horror
of censorship (maximizing individual freedom, even when it conflicts
with group goals). 

Weblog and Wiki Responses 
When considering social engineering for flame-proofed-ness, it’s useful
to contemplate both weblogs and wikis, neither of which suffer from
flaming in anything like the degree mailing lists and other conversational
spaces do. Weblogs are relatively flame-free because they provide little
communal space. In economic parlance, weblogs solve the tragedy of the
commons through enclosure, the subdividing and privatizing of com-
mon space. 

Every bit of the weblog world is operated by a particular blogger or
group of bloggers, who can set their own policy for accepting comments,
including having no comments at all, deleting comments from anony-
mous or unfriendly visitors, and so on. Furthermore, comments are
almost universally displayed away from the main page, greatly limiting
their readership. Weblog readers are also spared the need for a bozo fil-
ter. Because the mailing list pattern of “everyone sees everything” has
never been in effect in the weblog world, there is little opportunity for
anyone to hijack existing audiences to gain attention. Even comments
appended to a particular weblog post are seen only by a minority of the
readers of the post itself. 

Like weblogs, wikis also avoid the Tragedy of the Commons, but
they do so by going to the other extreme. Instead of everything being
owned, nothing is. Whereas a mailing list has individual and inviolable
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posts but communal conversational space, in wikis even the writing is
communal. If someone acts out on a wiki, the offending material can be
subsequently edited or removed. Indeed, the history of the Wikipedia,
host to communal entries on a variety of contentious topics ranging
from Islam to Microsoft, has seen numerous and largely failed attempts
to pervert or delete entire entries. And because older versions of wiki
pages are always archived, it is actually easier to undo damage than
cause it. (As an analogy, imagine what cities would look like if it were
easier to clean graffiti than to create it.) 

Weblogs and wikis are proof that you can have broadly open dis-
course without suffering from hijacking by flamers, by creating a social
structure that encourages or deflects certain behaviors. Indeed, the basic
operation of both weblogs and wiki—write something locally, then
share it—is the pattern of mailing lists and BBSs as well. Seen in this
light, the assumptions made by mailing list software looks less like The
One True Way to design a social contract among users and more like one
strategy among many. 

Reviving Old Tools 
This possibility of adding novel social components to old tools presents
an enormous opportunity. To take the most famous example, the
Slashdot moderation system puts the ability to rate comments into the
hands of the users themselves. The designers took the traditional bulletin
board format—threaded posts, sorted by time—and added a quality fil-
ter. And instead of assuming that all users are alike, the Slashdot
designers created a karma system, to allow them to discriminate in favor
of users likely to rate comments in ways that would benefit the commu-
nity. And, to police that system, they created a meta-moderation system,
to solve the “Who will guard the guardians?” problem. (All this is doc-
umented in the Slashdot FAQ,6 our version of Federalist Papers #10.7)
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Rating, karma, meta-moderation—each of these systems is relatively
simple in technological terms. The effect of the whole, though, has been
to allow Slashdot to support an enormous user base, while rewarding
posters who produce broadly valuable material and quarantining offen-
sive or off-topic posts. 

Likewise, Craigslist took the mailing list and added a handful of sim-
ple features with profound social effects. First, all of Craigslist is an
enclosure, owned by Craig (whose title is not Founder, Chairman, and
Customer Service Representative for nothing). Because he has a business
incentive to make his list work, he and his staff remove posts if enough
readers flag them as inappropriate. Like Slashdot, he violates the
assumption that social software should come with no group limits on
individual involvement, and Craigslist works better because of it. 

And, on the positive side, the addition of a “Nominate for ‘Best of
Craigslist’” button in every email creates a social incentive for users to
post amusing or engaging material. The “Best of” button is a perfect
example of the weakness of a focus on the individual user. If Craigslist
were software optimized for the individual, such a button would be
incoherent—if you like a particular post, you can just save it to your
hard drive. But users don’t merely save those posts to their hard drives;
they click that button. Like flaming, the “Best of” button also assumes
the user is reacting in relation to an audience, but here the pattern is har-
nessed to good effect. The only reason you would nominate a post for
“Best of” is if you wanted other users to see it—if you were acting in a
group context, in other words. 

Novel Operations on Social Facts 
Jonah Brucker-Cohen’s Bumplist8 stands out as an experiment in the
social aspect of mailing lists. Bumplist, whose motto is “an email com-
munity for the determined,” is a mailing list for six people, which
anyone can join. When the seventh user joins, the first is bumped and, if
they want to be back on, they must re-join, bumping the second user, ad
infinitum. (As of this writing, Bumplist is at 87,414 subscribers and
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81,796 re-subscribers.) Bumplist’s goal is more polemic than practical;
Brucker-Cohen describes it as a reexamination of the culture and rules of
mailing lists. However, it is a vivid illustration of the ways simple
changes to well-understood software can produce radically different
social effects.)

You could easily imagine many such experiments. What would it
take, for example, to design a mailing list that was flame-retardant?
Once you stop regarding all users as isolated actors, a number of possi-
bilities appear. You could institute induced lag, where, once a user
contributed five posts in the space of an hour, a cumulative 10-minute
delay would be added to each subsequent post. Every post would be
delivered eventually, but it would retard the rapid-reply nature of flame
wars, introducing a cooling-off period for the most vociferous partici-
pants.

You could institute a kind of thread jail, where every post would
include a “Worst of” button, in the manner of Craigslist. Interminable,
pointless threads (e.g., Which Operating System Is Objectively Best?)
could be sent to thread jail if enough users voted them down. (Though
users could obviously change subject headers and evade this restriction,
the surprise, first noted by Julian Dibbell, is how often users respect neg-
ative communal judgment, even when they don’t respect the negative
judgment of individuals.9)

You could institute a “Get a room!” feature, where any conversation
that involved two users ping-ponging six or more posts (substitute other
numbers to taste) would be automatically redirected to a sublist, limited
to that pair. The material could still be archived, and so accessible to
interested lurkers, but the conversation would continue without the
attraction of an audience. 

You could imagine a similar exercise, working on signal/noise ratios
generally, and keying off the fact that there is always a most active poster
on mailing lists, who posts much more often than even the second most
active, and much, much more often than the median poster. Oddly, the
most active poster is often not even aware that they occupy this position
(seeing ourselves as others see us is difficult in mediated spaces as well),
but making them aware of it often causes them to self-moderate. You
can imagine flagging all posts by the most active poster, whoever that
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happened to be, or throttling the maximum number of posts by any user
to some multiple of average posting tempo. 

And so on. The number of possible targets for experimentation is
large and combinatorial, and those targets exist in any social context,
not just in conversational spaces. 

Rapid, Iterative Experimentation 
Though most of these sorts of experiments won’t be of much value,
rapid, iterative experiment is the best way to find those changes that are
positive. The Slashdot FAQ makes it clear that the now-stable ratings +
karma + meta-moderation system could only have evolved with contin-
ued adjustment over time. This was possible because the engineering
challenges were relatively straightforward, and the user feedback swift. 

That sort of experimentation, however, has been the exception rather
than the rule. In 30 years, the principal engineering work on mailing lists
has been on the administrative experience—the Mailman tool now
offers a mailing list administrator nearly a hundred configurable
options, many with multiple choices. However, the social experience of
a mailing list over those three decades has hardly changed at all. 

This is not because experimenting with social experience is techno-
logically hard, but because it is conceptually foreign. The assumption
that the computer is a box, used by an individual in isolation, is so per-
vasive that it is adhered to even when it leads to investment of
programmer time in improving every aspect of mailing lists except the
interaction that makes them worthwhile in the first place. 

Once you regard the group mind as part of the environment in which
the software runs, though, a universe of untried experimentation opens
up. A social inventory of even relatively ancient tools like mailing lists
reveals a wealth of untested models. There is no guarantee that any
given experiment will prove effective, of course. The feedback loops of
social life always produce unpredictable effects. Anyone seduced by the
idea of social perfectibility or total control will be sorely disappointed,
because users regularly reject attempts to affect or alter their behavior,
whether by gaming the system or abandoning it. 
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But given the breadth and simplicity of potential experiments, the
ease of collecting user feedback, and most importantly the significance
users place on social software, even a few successful improvements, sim-
ple and iterative though they may be, can create disproportionate value,
as they have done with Craigslist and Slashdot, and as they doubtless
will with other such experiments. 
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Crystals and Analytic Engines: Historical 
and Conceptual Preliminaries to a New 
Theory of Machines 
George Caffentzis 

In this paper I argue that immaterial labor, as defined by its advocates like Hardt and Negri, does not 
exist. In order to defend this claim I examine how labor has been understood in the history of capitalism 
through the study of machines, and argue that the most successful theory of machines in capitalist society 
is Marx’s. I rely on this theory to defend my skepticism concerning immaterial labor. However, Marx’s 
theory itself must be defended. One of Marx’s most sophisticated critics, Philip Mirowski, has charged 
him with being ‘envious’ of two contradictory physics theories at once: the substance-theory of energy of 
the 1840s and the field-theory of energy of the 1860s. Mirowski argues that Marx could not decide which 
to take as his model for labor, machines and value, so he used both and ended up with a contradictory 
theory of value and machines. In Part One of the paper I defend Marx’s theory by demonstrating that the 
very binary Mirowski deploys to criticize Marx’s theory (the categories of substance versus field) is not a 
binary at all and that Marx’s theory is consistent. In Part Two I show that Marx’s theory of machines is 
incomplete. Though it included the theory of simple machines and of heat engines, it did not comprehend 
Turing machines, even though Charles Babbage had developed the first version of a Turing machine 
thirty years before the publication of Capital. This incompleteness encourages thinkers like Hardt and 
Negri to argue that services, cultural products, and especially knowledge and communication are 
immaterial products and hence require immaterial labor for their production. A New Theory of Machines 
that was complete would show how services, cultural products, knowledge and communication are 
material goods, and thus would support my initial claim. 

And in this there is very great utility, not because those wheels or other machines accomplish the 
transportation of the same weight with less force or greater speed, or through a larger interval, than 
could be done without such instruments by an equal but judicious and well organized force, but 
rather because the fall of a river costs little or nothing, while the maintenance of a horse or similar 
animal whose power exceeds that of eight or more men is far less expensive than it would be to 
sustain and maintain so many men. (Galileo, 1960: 150) 

Introduction  

Karl Marx often sardonically noted that the capitalist ethos evoked a magical, 
‘something for nothing’ imaginary concerning the profit-making potentialities of 
science and machinery. This attitude was precisely captured in the 17th century by Ben 
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Jonson in his play, The Alchemist, and in the 19th century by the get-rich-quick cranks 
like Charles Redheffer and John W. Keely who had perpetual motion machines and 
schemes eternally buzzing in their brains (Ord-Hume, 1977). For Marx, capitalists, far 
from being the sober and rational agents depicted by Max Weber’s ideal type, promote 
an irrational understanding of the uses of machinery, just as capitalism famously 
inculcates a fetishism with respect to commodities that is more thorough going than the 
reverence West Africans were supposed to express toward their wooden idols. Far from 
defining humanity’s inevitable future, capitalism is inherently unable to understand the 
very machines that serve as the distinctive tools and symbols of this supposed future. 

In this paper I analyze Marx’s theory of machines in capitalism. I do this in order to 
contribute to the debate concerning immaterial labor that this issue of ephemera is 
devoted to. I take an extreme position in this debate: immaterial labor as defined, for 
example, by Hardt and Negri in Empire – “We define immaterial labor [as] labor that 
produces an immaterial good, such as a service, a cultural product, knowledge or 
communication” (Hardt and Negri, 2000: 190) – does not exist. I argue that services, 
cultural products, knowledge and communication are ‘material goods’ and the labor that 
produces them is material as well (though it might not always be tangible). The 
products of services, from stylish hair cuts to massages, are embodied material goods; 
cultural products like paintings, films, and books are quite material; communication 
requires perfectly material channels (even though the material might be ‘invisible’ 
electrons); and finally knowledge as presently understood is, like goals in soccer games, 
a specific material transformation of social reality. 

However, in order to make my case, it is not enough to present some counter-examples 
as I have just done. I need to present a model of work in response to the ‘immaterialists’ 
and like all such models, they need a machine substitute, for the model of understanding 
human labor in capitalism is the machine that can replace it in the course of capitalist 
production. The identification of human labor with the action of machines is a special 
case of a general situation. Marx doggedly points out, again and again, from the 1844 
Manuscripts to Capital III, that capital in the form of machines falsely presents itself as 
productive of value and the creator of surplus value. Living labor repeatedly appears as 
dead labor, even in the case of our own living labor. This transformation is not an 
ideological choice, it is a reflex of this mode of life. (This reflex is something like the 
‘Moon Illusion’, i.e., why the moon looks bigger on the horizon than when higher up, 
transposed from the realm of sight to social understanding.) Marx writes about it in the 
following passage, “with the development of machinery there is a sense in which the 
conditions of labor come to dominate labor even technologically and, at the same time, 
they replace it, suppress it, and render it superfluous in its independent form” (Marx, 
1976: 1055). This is one of hundreds of possible citations in Marx’s work that makes 
the same point, illustrating how obsessive he became in trying to expose this false 
transformation. Indeed, Marx’s theory of machines microscopically analyzes this reflex 
that makes capital ‘a highly mysterious thing’ and he specifies the conditions of the 
demystification of machines. 

In this paper I defend Marx’s theory of machines from charges of inconsistency, but I 
also find it incomplete. I argue that it needs to be extended to include another category 
of machine: the Turing machine (i.e. the common mathematical structure of all 
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computers, formally isolated by Alan Turing in the 1930s) (Turing, 2004 [1936]). A 

complete theory of machines that included Turing machines as well as simple machines 

and heat engines would demonstrate, on the one side, the materiality of all labor and, on 

the other, the lineaments of a strategy to liberate labor from its bondage to capital.  

Although Marx was far from being an anti-industrial ‘back to the land’ activist, he was 

a prime debunker of the economic claims capitalists make for machines which function 

as a form of conceptual terrorism against workers’ struggle (Caffentzis, 1997). He 

argued that active human labor is the only source of value, that however cleverly 

designed or gigantic in size, machines produce no value at all and that, at best, they can 

only transfer their own value to the product. 

Marx’s attitude was similar to that early modern critic of machine magic: Galileo 

(Galileo, 1960; Drake, 1978). In the same paragraph from which the epigraph of this 

piece was culled, Galileo ridicules “designers of machines” who believe that “with their 

machines they could cheat nature” (Galileo, 1960: 150). He claims that machines do not 

in themselves create force or motion, they simply make it possible to substitute less 

‘intelligent’ and less costly sources of force and motion for the more ‘intelligent’ and 

more costly ones. The problem for the mechanic is to design machines so that “with the 

mere application of [the mover’s, say, a horse’s] strength it can carry out the desired 

effect” (Galileo, 1960: 150). The mechanic introduces intelligent design into the world, 

but s/he cannot add even a cubit of force or motion to it. This might not appear to be so, 

if one looks at the books of mechanics from Hero of Alexandria’s to Galileo’s own, 

which are filled with the diagrams of the mediating machines; but its true realm is in the 

world of costs and wages. In other words, simple machines – the inclined plane, lever, 

pulley, screw, wheel and axle (capstan) – “judiciously organize force”, they do not 

create it (Galileo, 1960: 150).  

Many physicists after Galileo, especially 19
th

 century architects of Thermodynamics 
like Sadi Carnot and Hermann von Helmholtz, were anxious to make this anti-magical 

lesson evident in the context of heat engines as well (e.g., by proclaiming the principles: 

no perpetual motion machine is possible, energy cannot be created or destroyed). 

Marx, undoubtedly influenced by the two ‘laws of thermodynamics’ being developed in 

his time, agreed with Galileo and, if one substitutes ‘value’ for ‘force’ or ‘energy’, one 

can see his effort to establish conservation laws for value that block any attempt to 

‘cheat society’ with machines. Machines do not create value, they merely ‘judiciously 

organize’ it and, most important, they make it possible to substitute less costly for more 

expensive (and/or resistant) labor power. As Andrew Ure, the 19
th

 century ‘philosopher 

of machines’, wrote: “The effect of improvements in machinery, [lies] not merely in 

superseding the necessity for the employment of the same quantity of adult labour as 

before, in order to produce a given result, but in substituting one description of human 

labour for another, the less skilled for the more skilled, juvenile for adult, female for 

male….” (quoted in Marx, 1976: 559-560). That is why they can become such powerful 

weapons against the working class, so that “the instrument of labour strikes down the 

worker” (Marx, 1976: 559). 
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Though they appear often to be behemoths of power (as in the steam engines of the 19th 
century) or angels of intelligence (as in computers of the 21st century), machines’ 
weakness – the fact that they cannot create value – has enormous consequences for the 
whole capitalist system. Industries that employ a large amount of machinery and a 
relatively small amount of labor cannot create within their production process the 
surplus value necessary to constitute an average rate of profit for the investment in 
constant capital (machinery, for the most part) and variable capital (wages). However, if 
capitalists do not receive at least an average rate of profit, they inevitably leave their 
branch of industry over time and new investors shun them. Soon, these branches of 
industry would stop functioning, due to bankruptcies and low investment. But what if 
these branches of industry (e.g., oil extraction) were required for the reproduction of the 
system? How would the profits of such branches be provided for, if the workers in these 
branches could not generate them? This question is especially important to answer since 
increasing the use of machinery to respond to workers’ struggles is a crucial strategy in 
the eternally rolling, though often low-intensity, class war.  

Marx’s response to this conundrum is that there is a transformation of surplus value 
created in some branches of industry with relatively low ratios of investment in 
machinery to wages into the profits of branches that have relative high ratios. This 
process takes place ‘behind the backs’ of capitalists in the competitive process, and 
forms the foundation of the remarkable unity of capital, given the apparent competitive 
character of the system (Marx, 1981: 273ff). Investment in machines is promoted by the 
system in general, even though it does not lead to an increase in surplus value in 
particular (although, of course, surplus value can be created by workers in the 
production of these machines just as in the production of any other commodity). 

In Part I of this essay, I defend an important tenet of Marx’s theory of machines from 
claims that it is rooted in a fundamental inconsistency of the theory. This tenet is the 
notion of a transformation of surplus value generated by some branches of production 
into the profits of other branches of production. 

Part I. Conceptual Preliminary: Is Marx’s Theory of Machines 
Consistent?  

I could be a rich man if I could have taken along only what I merely needed to pick up and break 
loose. In some places I found myself in a veritable garden of magic. What I beheld was formed 
most artistically out of the most precious metals. In the elegant braids and branches of silver there 
hung sparkling, ruby-red, transparent fruits and the heavy trees were standing on a crystal base 
inimitably wrought. One hardly trusted one’s senses in those marvelous places and never tired of 
roaming through those charming wildernesses and delighting in their treasures, on my present 
journey too I have seen many remarkable things, and certainly the earth is equally productive and 
lavish in other countries. (Novalis, 1964: 88) 

Marx’s theory of machines postulates the existence of a fundamental transformation 
principle of capitalist life: profits tend to be equalized across all branches of industry, 
even though the ratio between the investments in machinery and the payment of wages 
varies tremendously between them. If this transformation is not operative, then there 
would be no incentive to invest in machinery in order to escape working class struggle 
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or even to ensure the system’s own material reproduction. For if surplus value is created 
by labor, but very little labor is employed in essential industries like oil extraction, then 
there would be little or no profit for such an industry that requires large investments in 
fixed capital.  

But does such a transformation of surplus value into profit take place literally ‘behind 
the backs’ of the participants of the system? The debate on the mathematical and 
methodological validity of Marx’s ‘transformation’ has been the staple of the academic 
polemics between Marxists and anti-Marxists since Bohm-Bawerk’s Karl Marx and the 
Close of His System (2006) first published in the late 19th century. Indeed, in the last 
century, every time there was an intensification of the class struggle and a penetration 
of Marxist intellectuals into the academy, capital’s schoolmasters took out that old 
chestnut from the closet to be roasted again. The sophistication of the technical ripostes 
on each side, however, has definitely been increasing. Thus in response to the campus 
rebellions of the 1960s, Paul Samuelson (1971) leveled his analytic arsenal on the old 
Moor only to find that a whole literature modeling Marx’s theory in linear algebraic 
terms sprouting in its defense. This literature, with its Sraffaian, ‘analytic’ and 
‘recursive’ solutions, has shown us that the technical problems of the ‘transformation’ 
can be resolved if one accepts rather stilted mathematical models of Marx’s fluid, 
chemically active description of the capitalist system of production and rejects one or 
more of Marx’s conservation principles or mathematical procedures (cf. Steedman et 
al., 1981; Shaikh, 1978). The status of this debate, therefore, has entered into a more 
interesting stage. For what is at stake is the very reason for having a labor theory of 
value in the first place.  

A sign of this change appeared with the publication of Philip Mirowski’s More Heat 
Than Light (1989) where Marx is no longer charged with making elementary 
mathematical errors or being ignorant of analytic techniques that were invented a 
generation or two after the publication of Capital. Rather, Mirowski tries to show that 
the transformation problem is a problem because it reflects a major tension not only in 
Marx’s theory, but in all scientific endeavors during the mid-19th century. Natural 
philosophy was transforming itself into physics in this period, Mirowski points out, and 
the ontology of science was turning from ‘substance’ to ‘field’ entities (or from 
‘substance’ to ‘function’ in Cassirer’s [1953] formulation). 

Mirowski claims that Marx found himself on the ‘cusp’ of this transition and his value 
theory reflected it, “in fact there ended being not one but two Marxian labor theories of 
value, the first rooted in the older substance tradition, the other sporting resemblances to 
nascent field theories in physics” (Mirowski, 1989: 177). The first type Mirowski calls 
“the crystallized-labor or substance approach”, while the second type is called “the real-
cost or virtual approach” (Mirowski, 1989: 180). They have very different, even 
contradictory methodological implications. For the first is like the caloric theory of heat 
which identified heat as a substance that ‘flowed’ from hotter to cooler bodies in the 
way that water flowed from higher to lower elevations, while the second identifies heat 
as one aspect of a generalized energy field that can be transformed into many different 
states, phases and forms. Indeed, the intellectual struggle in the development of 
thermodynamics from the publication of Sadi Carnot’s Memoire in 1824 to the 
publication of Clausius’ entropy-defining paper of 1865 could be read as marking the 
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transition from substance to field theories in physics (Carnot, 1986 [1824]; Clausius, 
1965 [1865]). Marx’s theory then would be like many theories developed in the 1840s 
by those who accepted both Carnot’s caloric explanation of the work performed by the 
steam engine and early versions of the conservation of energy. 

In particular the crystallized-labor theory makes it clear that exploitation can only have 
its origin in exploitation within the process of production. Since value is a substance, it 
is conserved both locally (when, for example, it is used in productive consumption as in 
the case of food for a worker or gasoline for a tractor) and globally (when the total sum 
of value is conserved in the complex transformation from one branch of production to 
another). These flows of value seem to have all the charm of “the hallowed tradition of 
natural-substance theories, which were intended to imitate the structure of explanation 
in the Cartesian natural sciences” (Mirowski, 1989: 184). The metaphors emanating 
from such a view of value, of course, have a powerful political appeal as well, for the 
sense of theft during the capitalist process of production can be directly referred to. 
After all, the worker produces a certain amount of value-stuff and s/he only gets part of 
this value-stuff back in the form of wages, the difference being the only source of the 
capitalists’, the bankers’, the priests’ and the landlords’ revenues.  

The problem, Mirowski points out, with such a simple but powerful crystallized-labor 
theory is that it was passé at the moment of its most sophisticated employment in the 
Marxian critique of political economy. Caloric had been replaced with a much more 
subtle, field-theoretic entity, energy, whose continuity of motion, metamorphoses, 
conservation and dissipation was not to be modeled in the fluid dynamics of Cartesian 
vortexes. This subtlety is illustrated in what Cassirer writes of Mayer’s energetic 
equation of potential with kinetic energy: 

If the mere elevation above a certain level (thus a mere state) is here assumed to be identical with 
the fall over a certain distance (with a temporal process), then it is clearly evident that no 
immediate substantial standard is applied to both, and that they are not compared with each other 
according to any similarity of factual property, but merely as abstract measuring values. The two 
are the ‘same’ not because they share any objective property, but because they can occur as 
members of the same causal equation, and thus be substituted for each other from the standpoint of 
pure magnitude... Energy is able to institute an order among the totality of phenomena, because it 
itself is on the same plane with no one of them; because, lacking all concrete existence, energy 
only expresses a pure relation of mutual dependency. (Cassirer, 1953: 199-200)  

The ‘cost-price’ approach was Marx’s incipient awareness of this new energetic-field-
of-relations approach in his own work. In this approach a commodity can possess a 
value only relative “to the contemporary configuration of production” (Mirowski, 1989: 
181). Thus its value can be changed by, for example, technological alterations anywhere 
in the economy (e.g., the development of new programming techniques) or even market 
phenomena (e.g., good harvests) that had no direct connection with the production of 
the commodity in question (Mirowski, 1989: 181). However, the creation of value can 
no longer be identified with labor, profit with the exploitation of labor in the production 
process, nor the flows and transformations of value with continuous (though 
unobserved) processes. Indeed, in the cost-price world, machines could produce (or 
deduct) value also. Mirowski suggests that this approach would have solved many of 
the major analytic problems of Marx’s program, though at the impossible cost of 
“throwing history out the window” (Mirowski, 1989: 184), where by ‘history’ Mirowski 
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simply means that present conditions are partly determined by past events and 

processes. 

Let us chart the consequences of contrasting approaches:  

 

Substance theory Field theory  

crystallized labor approach real-cost or virtual approach 

labor ‘buried’ in the commodity is source of value source of value in the field 

the quantity of value is determined by labor-time the ‘socially necessary’ direct replacement costs 

determine the quantity of value 

the history of production is important in the 

determination of the value of commodities 

the history of production is irrelevant to the 

determination of the value of commodities 

profit can only be generated in production profit can be generated in exchange and market 

transactions 

labor value is conserved ‘windfalls’ are ubiquitous and throughout the 

system values  can be created or destroyed 

instantaneously 

 

But in trying to juggle between these two inconsistent ontologies Marx was bound to 

crash, according to Mirowski, who locates this catastrophe in ‘the transformation 

problem’ where the conservation of crystallized value and surplus value can not be 

reconciled with the equalization of rates of profit while the cost-price values can easily 

enforce equalized rates of profit but must falsify the claim that “surplus is only 

generated in production and is passed around among industries in the pricing process” 

(Mirowski, 1989: 185). The transformation of values to prices does not pose a 

mathematical problem per se, Mirowski argues, but rather it is a symptom of a deeper 

logical and methodological incoherence.  

This is a serious critique. However, what is charming about Mirowski is that he seems 

to be relatively innocent of the blatant Cold War motivations that have driven similar 

efforts in the last couple of generations of scholarly debate on these matters. Indeed, 

Mirowski’s effort is one of the first in the new post-Cold War turn of a rather hoary 

genre. A sign that Mirowski is operating in a new critical space is expressed by the fact 

that he applies to the work of neoclassical theorists like J. B. Clark and, yes, Paul 

Samuelson the same hermeneutical devise he uses to detect tensions and contradictions 

in Marxism (i.e., the substance versus field approaches). He also finds a shared, root 

failure in both the Marxist and the neoclassical research programs: an ill-understood 
‘physics envy’ which ironically is often ignorant of the complexity of the object of its 
envy or is fixated on one historical embodiment of physical theory. In a word, the 

contemporary neoclassical research program has become “helplessly locked into the 

physics of circa 1860” while Marxism is locked in the physics of the 1840s (Mirowski, 

1989: 394). Mirowski speaks for a new theoretical initiative that would, on the one 

hand, open economics up to models of physics that superseded the proto-energetics of 
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the 19th century and, on the other, look for models outside of physics altogether. But is 
this type of critique useful in general or accurate as a way of interpreting Marx’s 
writings? 

The main problem with Mirowski’s hermeneutics in general is that the central 
distinction between substance and field theories he relies on is far from clear in itself 
and, furthermore, it is not easily inserted in a historical narrative. First consider theories 
like Newtonian mechanics, the kinetic theory of heat, the relativity theories and 
quantum mechanics: are these ‘substance’ or ‘field’ theories? Well, they are a bit of 
both. Thus Newton’s gravity acts as a field force, but his notion of mass is substantial; 
the microscopic billiard balls of the kinetic theory are ideal type substances, but the 
macroscopic states they create (like temperature, pressure and volume) are field-like 
entities; Einstein’s general theory of relativity seems to posit a substantial character for 
space-time while his special theory seems to give it a field-like aspect; as for the 
notorious quantum mechanics, one can easily add a ‘substance’/’field’ duality to top off 
and sum up the Tower of Babel dualities it poses to the interpreter. Thus, most theories 
in physics at least have substance as well as field elements in them and it is in the 
intersection of these elements that their complex potentialities for paradox emerge: in 
Newtonian mechanics, the mass point and the gravitational field; in the kinetic theory of 
gases, the molecule and temperature; in Einstein relativities, the mass point and the 
manifold of space-time; in quantum mechanics, the wave and the particle. One might 
perversely argue that the uniqueness of these theories is to be found in the paradoxical 
heart of this intersection.  

Thus we see that Mirowski’s concepts of ‘substance’ and ‘field’ are not found unmixed 
in any historically given theory in physics. But even as ideal types these concepts are far 
from mutually exclusive polarities. For one can argue that an ideal field is simply a 
highly complex substance defined by an infinite set of internal relations while an ideal 
substance is simply a pure field defined by a small to null set of internal relations. In 
other words, the ‘substance’/‘field’ distinction is not one of absolute kind but of 
dialectical degree. And in the history of science one can often find nodes of transition 
from substance to field and then back again. Think of the complex dialectical, 
crisscrossing dance in the history of quantum mechanics from wave (field) to particle 
(substance) and back again. 

Therefore it is very difficult to use these ontological notions in a historical narrative. 
From the Newtonian-Cartesian debates of the 17th century to the wave/particle dualities 
of the 20th, it is clear that ‘substance’ and ‘field’ are dialectical polarities in the theory-
construction toolbox first of natural philosophy and then of physics. Mirowski credits 
Meyerson, an early 20th century French philosopher and historian of science, with 
explaining why the process of reification was so central to science of the post-
Aristotelian period. Meyerson showed how ‘substance’ ontologies underlie 
conservation laws and these laws make it possible to apply mathematical methods to the 
“external [but non-celestial] world” (Mirowski, 1989: 6). But substance ontologies have 
been replaced by field ontologies for equally powerful mathematical reasons, and the 
reasons for this replacement can hardly be said to be determined by the internal logic of 
the dialectical spirit.  
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If Mirowski’s ‘substance’/‘field’ dichotomy is not a general tool of theoretical 
hermeneutics, the question remains whether his critique of Marx and the Marxist theory 
of value is cogent. Does Marx have two divergent theories of value? Does Marx 
fetishize labor and in so doing reify it into the very substance-thing that bourgeois 
economists so superstitiously worship? Mirowski’s criticisms certainly reflect the 
contemporary Zeitgeist, for post-Structuralist critics like Baudrillard reject Marxist 
analyses because of their purported ‘objectivism’ and ‘representationalism’ 
(Baudrillard, 1975). But are these criticisms accurate? In order to answer this question 
let us go directly to the center of Mirowski’s criticism: the crystal. After all, he dubs 
Marx’s substance theory of value ‘the crystallized-labor approach’ because for Marx, 
“labor time extracted in the process of production is reincarnated (or perhaps ‘buried’ is 
a better term, since Marx calls it ‘dead labor’) in the commodity, to subsist thereafter 
independent of any market activity” (Mirowski, 1989: 180). But is a crystal a 
substance? 

At the beginning of the 19th century the crystal became the focus of research programs 
in mineralogy and in chemistry. Mineralogists saw that most solid inorganic bodies 
were composed of micro-crystals while chemists, following Hauy, argued that every 
chemical substance had a unique crystalline structure. Hauy’s hypothesis initiated an 
immense theoretical and empirical activity that eventually ended in its rejection. But 
these research programs and their fate would undoubtedly have interested Marx (and 
Engels) not only because they appealed to their general mathematical interests but also 
because of the role which that most precious of minerals, gold, played in political 
economy.  

By the 1860s a new energetic turn in the crystalline story was taken. It was understood 
that a mineral’s crystalline form was not a given of nature. A crystal was merely “a state 
of energetic equilibrium reflecting the most stable level of energy under given external 
conditions” (Paton, 1965: 302). Grove, in a work cited by Marx in Capital I (Marx, 
1976: 664), clearly makes this point: 

There is scarcely any doubt that the force which is concerned in aggregation is the same which 
gives to matter its crystalline form; indeed, a vast number of inorganic bodies, if not all, which 
appear amorphous are, when closely examined, found to be crystalline in their structure: we thus 
get a reciprocity of action between the force which unites the molecules of matter and the 
magnetic force, and through the medium of the latter the correlation of the attraction of 
aggregation with the other modes of force may be established. (quoted in Youmans, 1872: 172) 

Thus the crystalline aggregation, which had been studied throughout the early 
nineteenth century as a way of differentiating chemicals, was seen as part of the great 
round of the correlation of forces. Grove points out that via the correlation of 
aggregation force and magnetic force a new theory of the crystal is made possible. For 
the crystal simply is a store of energy that in the various mineralogical processes is 
released and then reabsorbed. Increasingly the internal structure of inorganic bodies 
were seen by physicists, chemists and mineralogists as a more or less complex pool of 
‘tensional’ or ‘potential’ energy.  

The whole of the theory of energetics was interested in the relation between this 
‘potential energy’ and the ‘actual energy’ that is exhibited to the observer. Rankine put 
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the problematic of energetics in his 1853 paper ‘On the General Law of the 
Transformation of Energy’ in which he introduces the notion of ‘potential energy’ for 
the first time:  

ACTUAL, OR SENSIBLE ENERGY, is a measurable, transmissible, and transformable 
condition, whose presence causes a substance to tend to change its state in one or more respects. 
By the occurrence of such changes, actual energy disappears, and is replaced by  

POTENTIAL, OR LATENT ENERGY; which is measured by the product of a change of state 
into the resistance against which that change is made.  

Vis viva of matter in motion, thermometric heat, radiant heat, light, chemical action, and electric 
currents, are forms of actual energy; amongst those of potential energy are the mechanical powers 
of gravity, elasticity, chemical affinity, statical electricity, and magnetism.  

The law of the Conservation of Energy is already known, viz.: that the sum of all energies of the 
universe, actual and potential, is unchangeable. (quoted in Truesdall, 1980: 259)  

Potential energy is, of course, a typical field variable, since it can change due to 
variations in the field (whether these changes are gravitational, electrical, magnetic, or 
chemical) while it can remain static over long periods of time. Actual energy is quite 
different. It is by its very nature realizing and annihilating itself at its locale of action.  

Not surprisingly then, the process of potential turning into actual then back into 
potential energy was to serve Marx as a model for the shift from living into dead labor 
that is then transferred in the production process. For example, he refers to commodities 
“As crystals of this social substance [i.e., human labor], which is common to them all, 
they are values – commodity values” (Marx, 1976: 128). The crystal is the ideal model 
for a potential energy store whose structure is formed by the actual energies employed 
in the crystal-generating process but whose total potential energy is determined by the 
whole potential field. Value is therefore analogous not to actual, but to potential energy, 
for labor is valueless while being a creative, transforming, preserving, determining 
action, but once stored, dead, objectified, determined, congealed labor is value. This 
dead labor (like its analogous potential energy) is measured by the socially necessary 
labor-time, not by the living labor that has vanished into time, and is only represented 
in the value of the commodity.  

Thus commodities have locked within them value due to the labor (both useful and 
value creating) that has gone into them. They form the crystalline ‘storehouse’ cave of 
capital in the same way that Helmholtz describes the objects in “the general store-house 
of Nature” that lock force within them:  

The brook and the wind, which drive our mills, the forest and the coal bed, which supply our 
steam engines and warm our rooms, are to use the bearers of a small portion of the great natural 
supply which we draw upon for our purposes, and the actions of which we can apply as we see fit. 
The possessor of a mill claims the gravity of the descending rivulet, or the living force of the wind, 
as his possession. These portions of the store of Nature are what give his property its chief value. 
(quoted in Youmans, 1872: 227)  

Just as the potential energy of a rivulet can be changed by shifts in the potential field 
(e.g. by the reduction of the height of the water’s fall by an earthquake) so too can the 
value of constant capital engaged in a particular process of production be changed by 
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events outside of that very process. But the possibility of changes in the potential 
energy does not turn potential into kinetic energy, for these changes occur, so to speak, 
‘outside’ of the locus of the potential energy. Similarly, changes in the stored value of 
circulating and fixed capital can occur ‘outside’ of the process of its production. For 
example, cotton bought in a previous year and sitting in the storehouse of a spinning 
mill will increase in value if there is a bad cotton harvest this year, or the value of an 
already operating spinning machine can decrease if a new less expensive technique for 
building such machines is put into play. But in both cases these changes take place 
‘outside’ the immediate production process. Within the actual production process of 
spinning cotton, however, the machine and the cotton “cannot transfer more value than 
[they possess] independently of the process” (Marx, 1976: 318). Keeping with the 
analogy, once the potential energy of a body is determined, then the kinetic energy it 
releases can not be greater than itself.  

This excursus into the bowels of Marx’s theory of value production and machines is not 
meant to show that Marx’s theory was devised with a strict analogy to energetics in 
mind. On the contrary, there were many different analogies, metaphors, metonymies, 
tropes, etc. that Marx had in mind in the composition of Capital. Darwinian biology, the 
infinitesimal calculus, the debates in geology, the developments in organic chemistry 
and more were often directly and, even more often, indirectly cited in the text. Marx, 
Engels and indeed much of the workers’ movement of the day were not suffering from 
‘physics envy’, rather they were deeply enamored with the tremendous theoretical and 
practical productivity of the sciences of the day. But certainly pride of place was given 
to Energetics (or the discipline of Thermodynamics) during the mid-19th century, and it 
would be surprising if Marx did not explore the relation between labor and energy in his 
theory. Marx was clearly knowledgeable about Energetics and its primary theoretical 
distinctions (like kinetic versus potential energy). Therefore, Mirowski’s critique of 
Marx – that he was on the ‘cusp’ between substance and field theories – is not 
convincing.  

However, we might turn this reply to Mirowski’s Marx-critique around into an even 
more pointed Marx-critique (that is similar to Mirowski’s critique of neoclassical 
economics). Namely, if Marx was perfectly conscious of the anti-substantial 
developments in mid-19th century Energetics and patterned much of his value theory on 
them, why should 21st-century critics of capitalism take his theory seriously? After all, 
physics has moved into major new conceptual and methodological territory since the 
grey beards of thermodynamics finally cracked the contradiction between Carnot’s 
caloric theory and the conservation of energy. Do relativity theory, quantum mechanics, 
chaos theory not offer better and more interesting insights than labor- and wretch-
obsessed Marxism in order to understand the contemporary postmodern situation? 
Mirowski calls on his colleagues in neoclassical economics to let go of their 
dependence on outdated (and ill-understood) physical theory and try something new. A 
similar point has been made by post-Marxists and other ‘anti-systemic’ thinkers who 
were previously sympathetic to Marxism.  

Well, why not? The answer is simple: chose whatever model you wish, but what is to be 
modeled – our social reality – is still rooted in the past. We cannot avoid or ‘go 
beyond’ the categories of labor, value, money, surplus value, exploitation, capital, 
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crisis, revolution and communism because capitalism is still very much in existence. 

True, much else is in existence now that was not in the mid-19
th

 century, but has it made 

a crucial difference in understanding capital? Answers to a question like this are, of 

course, complex, but who could really say in 2007 that money, work, wages, profit, 

interest and rent do not really matter? Of course they do, and any application of 

contemporary scientific theory to contemporary social and economic life that ignores 

them would not really matter.  

However, there have been genuine changes in the world of machines since the mid-19
th

 

century, especially the development and industrialization of the Turing machines. This 

is an area that definitely calls for an extension of Marx’s theory of machines as I will 

argue in Part II.  

Part II. Historical Preliminary: Ure versus Babbage  

The Turing Machine is an idealization of the human computer. “We may compare a man in the 

process of computing a real number to a machine which is only capable of a finite number of 
conditions… called ‘m-configurations’. The machine is supplied with a ‘tape’…” Wittgenstein put 

the point in a striking way: “Turing’s ‘Machines’: These machines are humans who calculate.” 

(Copeland, 2004: 41)  

Marx’s theory of machines was deeply implicated in the theory of heat engines that was 

developed in the mid-19
th

 century under the rubric of ‘Thermodynamics’ in the same 

way that Galileo’s theory of machines was implicated in the theory of simple machines 

initially developed especially by thinkers in Hellenistic Egypt like Hero of Alexandria 

and later by Arabic and medieval European mechanicians (Clagett, 1959: 3-68). Indeed, 

much of the motivation for Marx’s restriction of value-creativity to human labor arose 

on analogy with the restrictions Thermodynamics places on perpetual motion machines 

of the first and second kind, i.e., on machines that violate the first – conservation of 

energy – law and the second – entropy – law of Thermodynamics. In this part of the 

essay I will turn my attention to the kind of machines studied by the theory of Turing 

machines – often called ‘universal computers’ or ‘logic machines’.  

Marx might be forgiven for having neglected Turing machines, for the mid-1930s are 

often celebrated as the origin-time of their theory while World War II is frequently seen 

as the ‘hot-house’ that forced the transformation of Turing machine theory into actual, 

functioning hardware. I qualify what I say because the origin of the theory and practice 

of universal computers or logic machines can be antedated by at least a century. True, 

the uncertain origin of a scientific or technological concept like that of the universal 

computer is by no means unusual and in this ‘postist’ period suspicion of origins is de 
rigueur. But this particular antedating is important for my argument since it will 

highlight an early tension in Marx's theory that can explain why the later Marxist 

tradition (in both its Stalinist and libertarian tendencies) has traditionally confused the 

labor process (which they glorified) with the value-creativity of labor.  

This case of anteceding origins takes us to a figure quite familiar to Marx and the 

readers of the pages on machinery in Capital I: Charles Babbage. Marx quoted 
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Babbage’s On the Economy of Machines and Manufacturing (1832) at least five times 
in Part IV of Capital I, ‘The Production of Absolute and Relative Surplus Value’ (1976: 
643-674) but he seemed to have a rather ambivalent stance toward him. On the one side, 
Marx credits Babbage with the definition of machine he uses, but on the other, he 
relegated him to the role of an antiquary, someone interested not in au courant Modern 
Industry (the automatic factory) but rather in passé Manufacture (the workshop). In an 
interesting footnote he compared Babbage to a contemporary of the 1830s, Andrew Ure, 
whose Philosophy of Manufactures (1835) Marx referred to sixteen times in Capital I:  

Dr. Ure, in his apotheosis of Modern Mechanical Industry, brings out the peculiar character of 
manufacture more sharply than previous economists, who had not his polemical interests in the 
matter, and more sharply even than his contemporaries – Babbage, e.g., who, though much his 
superior as a mathematician and mechanician, treated mechanical industry from the standpoint of 
manufacture alone. (Marx, 1976: 470)  

That is, Babbage was still mired in marveling at the remaining aspects of the detail 
laborer, at the workshop and handicraftsman work, while Ure was interested in the use 
of machinery to escape the stranglehold skilled laborers in manufacturing had on capital 
(Marx, 1976: 563-564).  

This assessment is surprisingly off the mark. From the perspective of the 21st century 
Babbage was clearly involved in a project whose consequences would be more 
momentous than simply the polemical ‘reduction’ of skilled into unskilled labor 
discussed by Ure. For Babbage’s work would eventually lead to an understanding of 
what skill was in the first place (Caffentzis, 1997). However, Marx could be excused his 
rather conventional assessment of Babbage, since Babbage’s very project required an 
interest in a kind of labor that was not yet within the ken of ‘Modern Mechanical 
Industry’ and still required all the resources ‘Manufacture’ could provide in this period. 
Babbage wished to build at least one universal computing machine out of metal and 
wire, which required the assemblage of some of the most skilled artisans of Britain to 
build a machine whose requirements of precision tested the limits of mechanical 
knowledge. The process of putting together this machine was the basis of his research 
that went into On the Economy of Machinery and Manufactures (1832). As one of his 
biographers writes:  

Babbage’s study of machinery and manufacturing processes originally started in a manner so 
extraordinary that it has passed almost without comment, as if no one could believe what he was 
really doing: he settled down to study all the manufacturing techniques and processes, more 
particularly all the mechanical devices and inventions he could find, searching for ideas and 
techniques which could be of use in the Difference Engine. The manner in which this research led 
to the elegant devices embodied in the Calculating Engines is itself a fascinating study. (Hyman, 
1982: 105)  

This ‘one step back to go two steps forward’ motion was Babbage’s fate and Marx was 
by no means the only one who treated him as a brilliant Victorian quasi-crank. There 
was evidence enough for his crankiness. For example, when Marx was involved in the 
process of forming the International Working Men’s Association and preparing its 
London inauguration in September 1864, Babbage was in the heat of his widely 
publicized campaign against barrel-organists and other street musicians which 
eventually lead on July 25, 1864 to propose ‘An Act for the better regulation of Street 
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Music within the Metropolitan Police District’ or, ‘Babbage’s Bill’. In support of his 
campaign, Babbage devoted a whole chapter of his 1864 autobiography Passages from 
the Life of a Philosopher to ‘Street Nuisances’. What follows is Babbage’s description 
of the chapter:  

Street Nuisances  

Various classes injured – Instruments of Torture – Encourages; Servants, Beer-Shops, Children, 
Ladies of elastic virtue – Effects on the Musical Profession – Retaliation--Police themselves 
disturbed – Invalids distracted – Horses run away – Children run over – A Cab-stand placed in the 
Author’s street attracts Organs – Mobs shouting out his Name – Threats to burn his House – 
Disturbed in the middle of the night when very ill – An average number of Persons are always ill – 
Hence always disturbed – Abusive Placards – Great Difficulty of getting Convictions – Got a Case 
for the Queen’s Bench – Found it useless – A Dead Sell – Another Illustration – Musicians give 
False Name and Address – Get Warrant for Apprehension – They keep out of the way – Offenders 
not yet found and arrested by the Police – Legitimate Use of Highways – An Old Lawyer’s Letter 
to The Times – Proposed Remedies; Forbid entirely – Authorize Police to seize the Instrument and 
take it to the Station – An Association for Prevention of Street Music proposed. (Babbage, 1968: 
389-390)  

One can see this cantankerous seventy-tree year old philosopher of machines in 1864 
could look a bit ‘off’ not only in the eyes of a communist revolutionary who was in the 
process of writing the text that refuted the value-creativity of machines and organizing 
the First International!  

But, like it or not, Babbage was working on his Calculating Engines before Sadi Carnot 
published his Reflexions on the Motive Power of Fire (1824) – the beginning of 
classical thermodynamics – and certainly by 1834 Babbage had theorized the universal 
computer or, anachronistically, the Turing Machine. Consequently, one cannot say that 
the theory of heat engines antedates the theory of universal computers. That is, in the 
period when Carnot was studying, in general, the motive power of fire and finding it in 
“differences in temperature” (Carnot, 1986: 67), Babbage was studying “the whole of 
the conditions which enable a finite machine to make calculations of unlimited extent” 
(Hyman, 1982: 170). The product of that research, Babbage’s Analytic Engine, had the 
major five components of the modern computer, as Dubbey pointed out:  

(a) the store containing the data, instructions and intermediate calculations; 

(b) the mill in which the basic arithmetical operations are performed [“control of operations in the 
Mill is by a microprogram represented by studs on the surface of a barrel (after the manner of a 
music box or barrel organ)” (Hyman, 1982: xiii)]; 

(c) the control of the whole operation, in Babbage’s case by means of a Jacquard loom system; 

(d) the input by means of punched cards; 

(e) the output which automatically prints results. (Dubbey, 1978: 217)  

Moreover, the Analytic Engine could repeat instructions, make conditional decisions 
and store programs in a library. However, the full generality of what a universal 
computer that recursively operates on its own program could simulate was not fully 
comprehended at the time by either Babbage or his associates like General Menabra and 
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Lady Lovelace. Whereas Carnot presumed the intellectual background of a ‘cosmology 
of heat’ that identified the determining form of nature and life as an effect of heat 
(Cardwell, 1972: 89-120), the most that Babbage claimed was that “the whole of the 
developments and operations of analysis are now capable of being executed by 
machinery” (Babbage, 1968: 68). Even Lady Lovelace, when it came time for her to 
employ her most Byronic of hyperboles, could only refer to the mathematical world:  

The bounds of arithmetic were however out stepped the moment the idea of applying the 
[Jacquard] cards had occurred; and the Analytic Engine does not occupy common ground with 
mere ‘calculating machines’. It holds a position wholly its own; and the considerations it suggests 
are most interesting in their nature. In enabling mechanism to combine together general symbols 
in successions of unlimited variety and extent, a uniting link is established between the operations 
of matter and the abstract processes for the most abstract branch of mathematical science. A new, 
a vast, and a powerful language is developed for the future use of analysis, in which to wield its 
truths so that these may become of more speedy and accurate practical applications for the 
purposes of mankind than the means hitherto in our possession have rendered possible. Thus not 
only the mental and material, but the theoretical and the practical in the mathematical world, are 
brought into more intimate and effective connexion with each other. (quoted in Babbage, 1961: 
252)  

That is, Babbage’s engines appeared to be mathematical computers and computers were 
apparently mathematical things. True, these mathematical results can have ‘practical 
applications’, but they are not in themselves ‘practical’. The fact that Babbage’s 
Analytic Engine was a universal computer could not yet connect with a ‘cosmology of 
computation’ which was, alas for Babbage, to be the creation of the mid-20th 
century. Was this failure inevitable? The cyber-punk novelists William Gibson and 
Bruce Sterling in The Difference Engine (1990) did not think so, since they imagined a 
Victorian world where the connection between the computer and the steam engine was 
made and materialized in a complete mode of capitalist production. If their novel shows 
us that this gap was not inevitable, since the connection was imaginable, then why was 
it not made?  

Here are parts of the answer as to why Marx, along with the British Government and 
‘venture capitalists’ after 1834 and almost everyone else, ignored Babbage’s engines in 
the 19th century: (a) they were conceived, even in the most florid of settings like the one 
above, as mathematical instruments; (b) the crisis of clerical labor had not yet 
materialized; (c) the computational aspect of all labor processes had not yet been 
understood. For in the mid-19th century the heat engine and not the computer stood at 
the center of Modern Industry’s factories, as Ure lyricized, “In these spacious halls the 
benignant power of steam summons around him his myriads of willing menials [and 
assigns to each the regulated task, substituting for painful muscular effort on their part, 
the energies of his own gigantic arm, and demanding in return only attention and 
dexterity to correct such little aberrations as casually occur in his workmanship]” (the 
unbracketed part is quoted by Marx [1976: 545] from Ure [1967: 18]).  

Clerical, or mathematical labor, also appeared to be a rather minor aspect of Modern 
Industry closeted away somewhere in a dusty office above the behemoth of steam on 
the factory floor. Indeed, such labor gets barely a mention in Babbage’s own On 
Economy of Machinery and Manufactures (cf. Babbage 1832: 176-177). Consequently, 
Babbage’s Engines could be relegated to the status of an item on a scientist’s or 
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mathematician’s ‘wish list’ as late as 1878 when a prestigious committee of the British 
Association for the Advancement of Science advised, “not without reluctance”, the 
Association not to invest any funds in building one of them (Hyman, 1982: 254). 
Whereas the colossi of steam were on the minds of 19th century industrialists, military 
strategists and revolutionaries, the machines of computation were considered purely 
supplementary to the serious work of industry.  

This estimate was to change in the transition from the paleo-capitalistic period of 
absolute surplus value to the contemporary period of transferred surplus value 
(Caffentzis, 1992: 232-238). A mark of such a change can be found in the changing 
position of clerical groups within the composition of the waged working class between 
the mid-19th and mid-20th centuries. As Braverman pointed out:  

The census of 1870 in the United States classified only 82,000 – or six-tenths of 1 percent of all 
‘gainful workers’ – in clerical occupations. In Great Britain, the census of 1851 counted some 
70,000 to 80,000 clerks, or eight-tenths of 1 percent of the gainfully occupied. By the turn of the 
century the proportion of clerks in the working population had risen to 4 percent in Great Britain 
and 3 percent in the United States; in the intervening decades, the clerical working class had begun 
to be born. By the census of 1961, there were in Britain about 3 million clerks, almost 13 percent 
of the occupied population; and in the United States in 1970, the clerical classification had risen to 
more than 14 million workers, almost 18 percent of the gainfully occupied, making this equal in 
size, among the gross classifications of the occupational scale, to that of operatives of all sorts. 
(Braverman, 1974: 295)  

This change in the size of the clerical work force from the mid-19th to the mid-20th 
century, however, took place with a concomitant change in its predominant gender 
(from male to female) and its relative wage (from about twice the average wage for 
factory operatives to below the operatives’ wage) (Braverman, 1974: 296-298). This 
transformation could not have happened without a substantial change in the machinery 
of the office, most especially in the use of computers. And it was imperative that this 
change take place for all of capital since, for example, a sudden doubling of the wage of 
almost twenty percent of the work force ceteris paribus would have meant a twenty 
percent increase in the total wage bill itself and potentially a substantial drop in profit. 
This gradual wage crisis of clerical labor, therefore, put a premium on the development 
of computing machines that would subvert the wage demands of a highly skilled part of 
the working class. But this crisis was not yet even on the horizon in the 1830s nor, 
indeed, even by 1867. Babbage’s Analytical Engines could not attract the sustained 
attention of the capitalist class’ ‘central committee’ until the dimensions of the crisis of 
clerical labor began to appear, which was not to happen for more than half a century 
after Capital I’s publication.  

But a more important source of the neglect of Babbage’s Engines was that neither 
Babbage, nor Marx, nor anyone else at the time saw the essential connection between 
computation and all forms of the labor process; even though the key was staring 
Babbage and Marx in the face all along. That key was Jacquard’s loom. It proved 
essential, as mentioned above by Lady Lovelace, for the creation of the Analytical 
Engine or the universal computer. The problem was that this transposition was taken by 
Babbage as that of an industrial device being used for mathematical purposes while 
Marx (following Ure) saw it as one more chapter in the continuous saga of the struggle 
between workers and machinery (Marx, 1976: 553-564). This is not to say that either 
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was wrong per se, i.e., Jacquard’s device was implicitly a mathematical device and 
explicitly a weapon in the industrial class struggle, but rather that Babbage’s 
transposition of the two itself marked a moment in the self-reflection of the labor 
process that was not understood until the 1930s.  

Let us consider more extensively each part of the matter:  

First, Babbage described the role of the Jacquard loom in the development of his 
Analytic Engine in the following passage:  

It is known as a fact that the Jacquard loom is capable of weaving any design which the 
imagination of man may conceive. It is also the constant practice for skilled artists to be employed 
by manufacturers in designing patterns. These patterns are then sent to a peculiar artist, who, by 
means of a certain machine, punches holes in a set of pasteboard cards in such a manner that when 
those cards are placed in a Jacquard loom, it will then weave upon its produce the exact pattern 
designed by the artist. Now the manufacturer may use, for the warp and weft of his work, threads 
which are all of the same color; let us suppose them to be unbleached or white threads. In this case 
the cloth will be woven all of one colour; but there will be a damask pattern upon it such as the 
artist designed. But the manufacturer might use the same cards, and put in the warp threads of any 
other colour. Every thread might even be of a different colour, or of a different shade of colour; 
but in all these cases the form of the pattern will be the same – the colours only will differ. The 
analogy of the Analytic Engine with this well-known process is nearly perfect....The Analytic 
Engine is therefore a machine of the most general nature. Whatever formula it is required to 
develop, the law of its development must be communicated to it by two sets of cards. When these 
have been placed, the engine is special for that formula. The numerical value of its constants must 
then be put on the columns of wheels below them, and on setting the Engine in motion it will 
calculate and print the numerical results of that formula. (Babbage, 1961: 55)  

Or as Lady Lovelace put it, “the Analytic Engine weaves algebraical patterns just as 
the Jacquard-loom weaves flowers and leaves” (quoted in Hofstadter, 1980: 25). Thus, 
Babbage and Lovelace saw in the Jacquard loom principle – that of using seriatim a set 
of partial instructions to weave a total textile – a form that could be transposed into a 
mathematical space of operations on numbers in order to mechanize them. But for 
Babbage and his supporters the connection between the Jacquard loom and the Analytic 
Engine was exactly that, a transposition from an industrial setting to a mathematical 
one, instead of an indication of a third, mathematical-industrial space that characterized 
the labor process in general. This insight was lacking, of course, not only in Babbage 
and Marx but also in most of those who studied the labor process until the 1930s. For 
example, Taylor’s ‘scientific management’ efforts of the turn of the century were still 
engaged with the time-and-motion studies that linearly fractionalized the work process 
in order to reduce its temporal components in order to speed up the whole. But 
Taylorization left the deep computational structure of the labor process unexamined.  

Second, Marx, following Ure, saw in Jacquard’s loom another “invention... supplying 
capital with weapons against the revolts of the working class” (Marx, 1976: 563). 
Jacquard’s loom was surely that, for it was aimed against one of the most militant parts 
of the European working class, the Lyons silk workers. As a commentator on ‘the 
artisan republic’ of Lyons pointed out:  

In the eighteenth century, the silk industry, or the fabrique, had become a capitalistic putting-out 
system with a few hundred merchants commissioning a few thousand master weavers to produce 
the silk. Masters’ dependence on merchants’ hiring and piece-rate (or wage) practices forged a 
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bond of solidarity between masters and their ‘employees’ or journeymen. One consequence was a 
tradition of economic militance. As early as 1709, silk weavers boycotted merchants to get higher 
piece-rates; in 1786 and again in 1789 and 1790, they struck for a general piece-rate agreement... 
[After the Revolution] silk workers and local authorities returned to the ancien regime concept of 
collective contracts guaranteed by the government in 1807, 1811, 1817-19 and 1822. Moreover, 
silk workers formed authorized voluntary versions of their old corporations and used these mutual 
aid...societies as covers to organize strikes. (Stewart-McDougall, 1984: xiv-xv)  

In the face of such a historically intransigent sector of workers Bonaparte and Lazare 
Carnot (Sadi’s father), according to Ure, set Jacquard to work to develop a loom that 
would circumvent the skill of the silk weavers:  

[Jacquard] was afterwards called upon to examine a loom on which from 20,000 to 30,000 francs 
had been expended for making fabrics for Bonaparte’s use. He undertook to do, by a simple 
mechanism, what had been attempted in vain by a complicated one; and taking as his pattern a 
model-machine of Vaucanson, he produced the famous Jacquard-loom. He returned to his native 
town [Lyons], rewarded with a pension of 1000 crowns; but experienced the utmost difficulty to 
introduce his machine among the silk-weavers, and was three times exposed to imminent danger 
of assassination. The Conseil des Prud'hommes, who are the official conservators of the trade of 
Lyons, broke up his loom in the public place, sold the iron and wood for old materials, and 
denounced him as an object of universal hatred and ignominy. (Ure, 1967: 256-257)  

All this pre-Luddite rage in 1807 was not misconceived. The Jacquard punch-card 
device “halved the time needed to mount the looms, eliminated the weaver’s helper, and 
quadrupled productivity,” hence reducing piece-rates, and by 1846 about one-third of 
the silk looms in Lyons had Jacquard devices (Stewart-McDougall, 1984: 12). Ure, of 
course, took the resistance of the silk weavers of Lyons to the Jacquard loom as a 
typical short-sighted response of the workers to the inevitable and beneficial 
consequences of mechanization, although Ure also notes later: “it appears that there has 
been a constant depreciation of the wages of silk weaving in France, from the year 1810 
down to the present time [1835]” (Ure, 1967: 264). But this action and reaction of the 
classes around the Jacquard loom was just another moment in a more general struggle 
that would, Ure was sure, be won by an alliance of capital with a properly chastened 
working class.  

Ure and Marx, who inversely followed him, saw in the transition from Manufacture to 
Modern Industry a general process: “to substitute mechanical science for hand skill, 
and the partition of a process into its essential constituents, for the division or 
graduation of labour among artisans” (Ure, 1967: 20). But this description is rather 
vague and infinitely variable in its realization. For the questions, ‘How does one 
substitute mechanics for hand skill?’ and ‘What are the essential constituents of a labor 
process?’ are open ended. Neither Ure nor Marx saw that this substitution could have a 
specifically identifiable character that would at the same time be universalizable, aside 
from its being reducible to abstract labor through the labor market in the case of Marx. 
And therefore the realization that Babbage’s induction of the Jacquard principle into the 
mechanization of mathematics had within it a general description of the labor process 
remained stillborn.  

This insight was to be the result of the theory of Turing machines and the concomitant 
‘cosmology of computation’ generated in the 1930s and 1940s. By then a number of 
new factors had come into play: (a) mathematics itself had been remarkably 



© 2007 ephemera 7(1): 24-45 Crystals and Analytical Engines 
articles George Caffentzis 

  42   

generalized; (b) the wage crisis of the clerical working class had matured; (c) the limits 
of a time-and-motion form of analysis of the labor process had been reached in the 
formation of the Congress of Industrial Organizations (CIO) and other forms of ‘mass 
worker’ class organization. Thus the stage had been set for a new theory of computing 
machines and the labor process, or, more precisely, the self-conscious application of 
Babbage’s forgotten, never fully cognized theory of universal computation.  

Conclusion: A New Theory of Machines or an Old Theory of 
Capitalism – or Both?  

The result of these conceptual and historical preliminaries is apparently a contradiction. 
On the one side, Marx’s hoary theory of the role of machines in capitalism is vindicated 
as internally consistent against the claims of critics like Mirowski; on the other side, 
Marx’s theory of machines is clearly found to be incomplete, since it does not explain 
how the introduction of Turing machines (the descendents of Babbage’s Analytic 
Engine) affects the work process, the generation of surplus value and modalities of class 
struggle.  

Philip Mirowski argues that both Marxist and bourgeois economics should question 
their allegiance to theories patterned on old theories of physics that have been left 
behind in the 20th century. But this argument, as I showed in Part I, is invalid. However, 
Mirowski does have something right. There is a tension between the old and new in our 
historical condition with respect to science and machines that needs to be isolated and 
resolved. It is simply that the enormous productivity (and violence) brought about by 
introducing a new order of machines into the work process is putting even more stress 
on the categories of capitalist (and anti-capitalist) self-understanding. It is important at 
this juncture not to appeal mindlessly to that old Marxist chestnut, ‘the contradiction 
between the forces and relations of production’, and leave it at that. For this 
contradiction, as Mario Tronti pointed out long ago, does not necessarily lead to another 
post- and anti-capitalist system of production, as Marx envisioned (Tronti, 1972). 
Indeed, in most cases it merely stimulates the development of capitalism itself.  

Therefore, Marx’s consistent but incomplete theory of machines in capitalism needs to 
be extended to the realm of Turing machines. One immediate consequence of this 
extension would be a new conception of the powers of the labor process itself and the 
manner by which surplus value is created. For this process and its powers are inherently 
neither immeasurable nor subversive, nor is it a tale of ‘immaterial labor’ as some have 
recently argued (Hardt and Negri, 2000). 

How would the new theory of machines that I described help support my claim that 
there is no immaterial labor? It would show that contemporary technology is haunted 
neither by ‘magical’ forces nor mysterious ‘ideational’ novelties. What appear to be 
‘immaterial’ products of labor are the result of pattern production that can be 
accomplished by machines (whether they be composed of wood, iron and paper cards 
and powered by heat engines or of plastic, silicon and copper and powered by electric 
currents). These machines are fully ‘physical’ or ‘material’, in the usual senses of these 
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words, as are the patterns they produce and, most importantly, reproduce. For at the 
core of capitalist commodity production is the reproduction of a pattern, whether it be 
‘composed’ of pure silk or pure electrons. A new theory of machines would help 
explain the capitalist consequences of the ability to produce these patterns 
mechanically.  

The Lyons artisans who smashed the Jacquard looms recognized a truth important for 
the class struggle that should be inscribed in such a theory. Machines can reproduce the 
patterns that they – intelligent and creative humans – weaved. Millions of artisans, 
craftspeople, engineers, clerks, and computer programmers have learned the same 
lesson since. No reproducible commodity production is essentially unmechanizable.  

As a corollary, the new theory of machines would definitely provide a critique of 
‘immaterial labor’ as defined by Hardt and Negri. To see this let us review the three 
types labor they unite under the rubric of ‘immaterial labor’: (1) “the production and 
manipulation of affects and requires (virtual or actual) human contact, labor in the 
bodily mode;” (2) “an industrial production that has been informationalized;” (3) “the 
immaterial labor of analytical and symbolic tasks, which itself breaks down into 
creative and intelligent manipulation on the one hand and routine symbolic tasks on the 
other” (Hardt and Negri, 2000: 293).  

Of course, Hardt and Negri are free to coin any term they wish to express their insights. 
They seem to have chosen ‘immaterial’ – an adjective fraught with metaphysical and 
political baggage – as a way of differentiating their view of capitalism from the 
‘materialist’ Marxist tradition. In making this choice, however, also they enter into a 
field with a history of its own that needs to be considered. For example, after the 
women’s movement’s long struggle to have ‘housework’, ‘reproductive’ work and the 
body be recognized as central to the analysis of capitalism, it is discouraging to have 
two men come along and describe the very embodied results of reproductive work done 
largely by women as ‘immaterial’! Indeed, we see this tension in their very definition of 
this kind of immaterial work, “labor in the bodily mode” (2000: 293). The dissonance 
between immateriality and a bodily mode should alert us to a problem in using a term 
like ‘immaterial labor’. 

The new theory of machines would give further support for a critique of the term 
‘immaterial labor.’ After all, the very distinction between ‘intelligent manipulation’ and 
‘routine task’ that is so important to Hardt and Negri is put into question by Turing 
Machine Theory as is the notion that analytic and symbolic tasks are inherently 
irreducible to perfectly mechanizable operations. Turing exorcized “the ghost from the 
machine” more than half a century ago, Hardt and Negri’s return to a Cartesian 
mind/body, material/immaterial rhetoric would re-“spiritualize the machine” at the cost 
of a great confusion (Kurzweill, 1999). Moreover, the notion that information is 
‘immaterial’ was successfully countered in the development of Information Theory 
(again more than half a century ago) that saw information as the inverse of entropy 
(Weiner, 1961). The fact that information, like entropy, is not ‘tangible’ does not mean 
that it is not ‘physical’ (and hence it is not ‘immaterial’).  
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Let me return, then, to my initial claim: immaterial labor does not exist. I simply mean 
by this two things. First, the adjective ‘immaterial’ participates in a binary semantic 
field (immaterial/material) that provokes a philosophical discourse that has been 
problematic for centuries. Are we to return to the Aristotelian/Platonic debates on the 
relation between form and matter or begin to argue about whether a ditch is immaterial 
(and hence whether ditch-digging is ‘immaterial labor’)? Following Hardt and Negri 
and the other theorists of ‘immaterial labor’ into that field would not be a wise ‘exodus’ 
for the anti-capitalist movement. Second, the term ‘immaterial labor’ fails to bring out 
important common features of labor like housework and computer programming. It is 
not that Hardt and Negri and other ‘immaterialists’ do not find commonalities between 
housework and computer programming, rather the kind of commonalities that they find 
are not useful to understanding the class struggle at this period in history. Thus, their 
inability to find measurable value production as a commonality between these two 
forms of labor is a decisive problem in their work.  

However, Hardt and Negri are right in insisting on the importance of the Turing 
machine for 21st century struggle. As with all machinery, the Turing machine defines a 
terrain of struggle with its own landmarks and history that are still in formation. A new 
theory of machines that brings together simple machines, heat engines and Turing 
machines would make it possible to survey this terrain and go beyond simply noting the 
continued existence of the contradictions and conflict between worker and machine in 
21st century capitalist production.  

I hope my preliminary efforts here will invite others to join in the work. 

  
Babbage, C. (1832) On the Economy of Machinery and Manufactures. London: Charles Knight.  
Babbage, C. (1961) Charles Babbage and his Calculating Engines: Selected Writings by Charles 

Babbage and Others, edited with an introduction by Philip Morrison and Emily Morrison. New 
York: Dover.  

Babbage, C. (1969) Passages from the Life of a Philosopher. New York: A.M. Kelley.  
Baudrillard, J. (1975) The Mirror of Production. St. Louis: Telos Press. 
Bohm-Bawerk, E. (2006) Karl Marx and the Close of His System. London: Porcupine Press.  
Braverman, H. (1974) Labor and Monopoly Capital: The Degradation of Work in the Twentieth Century. 

New York: Monthly Review.  
Caffentzis, G. (1992) ‘The Work-Energy Crisis and the Apocalypse’, in Midnight Notes Collective (ed.) 

Midnight Oil: Work, Energy, War, 1973-1992. New York: Autonomedia.  
Caffentzis, G. (1997) ‘Why Machines cannot Create Value: Marx's Theory of Machines’, in J. Davis et 

al. (eds.) Cutting Edge: Technology, Information Capitalism and Social Revolution. London: 
Verso.  

Cardwell, D.S.L. (1972) Turning Points in Western Technology: A Study of Technology, Science and 
History. New York: Science History Pub.  

Carnot, S. 1986 [1824]. Reflexions on the Motive Power of Fire, trans. and edited by R. Fox. Manchester: 
Manchester University Press.  

Cassirer, E. (1953) Substance and Function. New York: Dover.  
Clagett, M. (1959) The Science of Mechanics in the Middle Ages. Madison: The University of Wisconsin 

Press.  
Clausius, R. J. E. 1965 [1865] ‘Entropy’, in W. F. Magie (ed.) A Source Book in Physics. Cambridge, 

MA: Harvard University Press.  

references 



© 2007 ephemera 7(1): 24-45 Crystals and Analytical Engines 
articles George Caffentzis 

  45   

Copeland, B. J. (ed.) (2004) The Essential Turing. Seminal Writings in Computing, Logic, Philosophy, 
Artificial Intelligence, and Artificial Life plus The Secrets of Enigma. Oxford: Clarendon Press. 

Drake, S. (1978) Galileo at Work: His Scientific Biography. Chicago: University of Chicago Press.  
Dubbey, J.M. (1988) ‘The Mathematical World of Charles Babbage’ in R. Herkin (ed.) The Universal 

Turing Machine – A Half-century Survey. New York: Oxford University Press.  
Engels, F. (1964) Dialectics of Nature. Moscow: Progress Publishers.  
Galilei, G. (1960) On Motion and On Mechanics, trans. I.D. Drabkin and S. Drake. Madison: University 

of Wisconsin Press.  
Gibson, W. and B. Sterling (1990) The Difference Engine. London: Victor Gollancz Ltd. 
Hardt, M. and A. Negri (2000) Empire. Cambridge, Mass.: Harvard University Press.  
Hodges, A.P. (1983) Alan Turing: The Enigma. New York: Simon and Schuster.  
Hofstadter, D. (1980) Godel, Escher, Bach: The Eternal Golden Braid. New York: Random House.  
Hyman, A. (1982) Charles Babbage: Pioneer of the Computer. Oxford: Oxford University Press.  
Kurzweill, R. (1999) The Age of Spiritual Machines: When Computers Exceed Human Intelligence. New 

York: Viking. 
Marx, K. (1976) Capital: A Critique of Political Economy, Vol. One. Harmondsworth: Penguin.  
Marx, K. (1981) Capital: A Critique of Political Economy, Vol. Three. Harmondsworth: Penguin.  
Midnight Notes Collective (ed.) (1992) Midnight Oil: Work, Energy, War, 1973-1992. New York: 

Autonomedia.  
Mirowski, P. (1989) More Heat than Light. Economics as social physics: Physics as nature's economics. 

Cambridge: Cambridge University Press.  
Novalis (1964) Henry von Ofterdingen. New York: Frederick Ungar Pub. Co.  
Ord-Hume, A.W.J.G. (1977) Perpetual Motion: The History of an Obsession. New York: St. Martin’s 

Press.  
Paton, R. (ed.) (1965) Science in the Nineteenth Century. New York: Basic Books.  
Samuelson, P. (1971) ‘Understanding the Marxian notion of exploitation: a summary of the so-called 

transformation problem between Marxian values and competitive prices’, Journal of Economic 
Literature, 9: 399-431.  

Shaikh, A. (1977) ‘Marx's Theory of Value and the “transformation problem”’ in J. Schwartz (ed.) The 
Subtle Anatomy of Capitalism. Santa Monica, Ca.: Goodyear Pub. Co.  

Steedman, I. et al. (1981) The Value Controversy. London: Verso.  
Stewart-McDougall, M. L. (1984) The Artisanal Republic: Revolution, Reaction, and Resistance in 

Lyons, 1848-51. Kingston, Ont.: McGill-Queens University Press.  
Tronti, M. (1972) ‘Workers and Capital’, Telos, 14: 25-62.  
Truesdall, C. A. (1980) The Tragicomical History of Themodynamics. New York: Springer Verlag.  
Turing, A. (2004) [1936]. ‘On Computable Numbers with an Application to the Entschedungproblem’ in 

B. Jack Copeland (ed.) The Essential Turing. Seminal Writings in Computing, Logic, Philosophy, 
Artificial Intelligence, and Artificial Life plus The Secrets of Enigma. Oxford: Clarendon Press.  

Ure, A. (1967) The Philosophy of Manufactures. New York: A. M. Kelley.  
Weiner, N. (1961) Cybernetics; or, Control and Communication in the animal and the machine. New 

York: MIT Press.  
Youmans, E. L. (1872) The Correlation and Conservation of Forces: A Series of Expositions. New York: 

Appleton & Co. 
 
George Caffentzis is a Professor of Philosophy at the University of Southern Maine and a member of the 
Midnight Notes Collective. His recent e-book – No Blood For Oil! Essays on Energy, Class Struggle and 
War 1998-2004 – can be downloaded at www.radicalpolytics.org. 
E-mail: caffentz@usm.maine.edu 

the author



Out of Order
Understanding Repair and Maintenance

Stephen Graham and Nigel Thrift

What would our lives be like if we took earthworms seriously, took the ground
under our feet rather than the skies above our heads, as the place to look as
well as, eventually, as the place to be? It is as though we have been pointed
in the wrong direction.

SO WRITES Adam Phillips (1999: 60–1), as he tries to paint a world
in which the maintenance of the earth provided by the humble earth-
worm is given the space it deserves, that constant process of mass

movement through ingestion which in turn helps to produce the fertile soil
on which we all directly or indirectly depend for sustenance. Fittingly, this
process of bioturbation was first described by Charles Darwin in a paper in
1838 and then expanded upon in his last book (1881/1985).1 As Phillips
argues, in describing the constant and unremitting gustatory work of a
supposedly ‘lower’ form of life, Darwin was trying to assert how important
humble biological processes could be – and, equally, how easily they could
be neglected by those who were sure that they knew what the ‘higher’ forms
of life were.2

In this article, we want to make a rather similar move by considering
all the processes of maintenance and repair that keep modern societies
going. These processes can be likened to the social equivalent of the humble
earthworm in their remorseless and necessary character3 – and in the way
in which they have been neglected by nearly all commentators as somehow
beneath their notice. Our intention is to bring these processes out into the
light and to make them into the object of the systematic and sustained
attention that they surely deserve to be, since they are the main means by
which the constant decay of the world is held off. Our laboratory will be the
contemporary city, which hosts and is to a large extent defined by the myriad
functions of maintenance and repair which themselves produce much of
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what might be regarded as the stuff of urban phenomenology. Think only of
some of the familiar sounds of the city as an instance: from the sirens
denoting accidents, to the noises of pneumatic drills denoting the constant
upkeep of the roads, through the echoing clanks and hisses of the tyre and
clutch replacement workshop, denoting the constant work needed just to
keep cars going.

To begin the resurrection of the activities of repair and maintenance
in the social sciences, we have written an article that is in five sections
which themselves plot out an argument. In the first section, we will make
the theoretical case for the humble but vital processes of repair and main-
tenance as the ‘ready’ of ‘ready-to-hand’. In the subsequent sections, we will
turn towards the key manifestation of social systems of maintenance and
repair, namely modern cities. Thus the second section inquires into why the
business of maintenance and repair in cities has so often been neglected.
The third and fourth sections provide examples of particular sub-systems of
maintenance and repair, namely electricity supply, and particularly its inter-
section with information and communications technology (ICT), and auto-
mobility. Then, in the concluding part of the article, we will argue that repair
and maintenance activities have not just more grip but more emancipatory
potential than may be thought by those who want to write them off as simply
mundane or slavishly repetitive.

Ready-to-hand/Facilitating the World
We want to start our account of the importance of repair and maintenance
by calling on the work of Heidegger. This may seem an odd move to some
but hopefully its logic will become clear. Influentially, Heidegger set out a
notion of the world as ready-to-hand, as involved in practices – concernful
dealings with the world – that always involve things used in particular
‘handy’ ways: generally speaking, human beings do not focus on a tool or a
piece of equipment but on the work in which they have become engaged.
But, it might be argued, Heidegger placed much more emphasis on ‘to hand’
than ‘ready’. In most of his work, and that of the subsequent phenomeno-
logical tradition, it tends to be assumed that the world is ready. But that is
not always the case, as Heidegger himself acknowledged. Things only come
into visible focus as things when they become inoperable – they break or
stutter and they then become the object of attention. The background is
thereby foregrounded.

Things, in short, disclose a world. When somebody uses a tool or piece of
equipment, a referential structure comes about in which the object produced,
the material out of which it is made, the future user, and the environment in
which it has a place are related to each other. But that this is so, according
to Heidegger, generally appears only when a handy or ready to hand tool or
piece of equipment breaks down. When this happens, the tool suddenly
demands attention for itself. The reliable dealings we are used to having with
the tool are ruptured, and instead of withdrawing from our attention the tool
suddenly forces itself upon us. Someone sits at a word processor focused on
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the text at hand and all of a sudden the computer freezes. The trustworthy
world that developed around the computer – the open book, the keyboard,
the screen, the cup of coffee; in short, the entire mutually referring network
that Heidegger calls a world – is abruptly destroyed. The computer changes
from being one of the handy or ready-to-hand that shape this world to what
Heidegger calls something vorhanden: ‘objectively present’ in the newer
translation, or ‘present-at-hand’ in the older. Its transparency is transformed
into opacity. The computer can no longer be utilized in the practice of writing,
but abruptly demands interaction with itself. The relation with the world
around the computer that took place ‘through’ it is disturbed. Only when it
starts up again and everything works without a hitch is the world that was
destroyed again restored. (Verbeek, 2004: 79–80)

But it is in this space between breakdown and restoration of the practical
equilibrium – between the visible (that is, ‘broken’) tool and the concealed
tool – that repair and maintenance, makes its bid for significance. For
without that capacity, the world cannot go on, cannot become ready-to-hand
again.4 In other words, repair and maintenance is rather more significant
than the practical models of the onflow of everyday life that have now
become so significant in the social sciences and humanities are willing to
own to. Repair and maintenance is reality’s bridge from withdrawn execu-
tion to the brokenness bound up in purposes that it once served, a ‘visible
termination of its underground action’ (Harman, 2002: 26). So what are the
main components of repair and maintenance?

To begin with, we want to understand the many processes of mainten-
ance and repair as an illustration of the power of things to form a common
material substrate, which is always on and which forms the equivalent of a
Heideggerian background (Thrift, 2004a, 2004b, 2005a, 2005b). This
carpet of ongoing maintenance and repair is characterized by a set of quali-
ties. First, it relies on the power of things and these things cannot be reduced
to the sum of a set of social forces: ‘what a thing does, the way in which a
thing is present as a thing, cannot be reduced to something non-thingly and
must be conceived from the thing itself’ (Verbeek, 2004: 89). Things are
not just formed matter, they are transductions with many conditions of
possibility and their own forms of intentionality. Second, these things are
often pluricultural, that is, they have become so common that they have
come to play a role in the everyday life of almost everyone, weaving various
different cultures together through their mere existence (Ihde, 1993). Third,
in all likelihood, the number of things has been proliferating, becoming
more complex and becoming composed from an ever greater range of
materials, thus requiring ever more maintenance and repair (including low-
level maintenance like cleaning) (Dant, 2004). Fourth, because this progres-
sively more populated background is always on, the importance of repair
and maintenance becomes even more crucial. Breakdowns come to have an
existential quality to them, since they may well affect large numbers of
people simultaneously. They produce a decisional burden which itself
requires a comprehensive structure of repair and maintenance, which must
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be able to become available all but instantaneously. Fifth, and relatedly, it
becomes increasingly difficult to define what the ‘thing’ is that is being
maintained and repaired. Is it the thing itself, or the negotiated order that
surrounds it, or some ‘larger’ entity? Similarly, it can be argued that the
accidents that stem from so many breakdowns are not aberrant but are a
part of the thing itself. To invent the train is to invent the train crash, to
invent the plane is to invent the plane crash, and so on (Lotringer and
Virilio, 2003).

But, equally importantly, maintenance and repair also illustrate the
importance of human labour and ingenuity. When breakdowns and malfunc-
tions occur, it is not necessarily the case that they can be easily fixed. The
reason for the breakdown may be opaque (especially as technological
systems become more complex), the restoration may be too urgent for usual
channels and procedures to be followed, the replacement parts may not be
quite right but need to be made to fit. Orr’s (1996), Downey’s (1998) and
Henke’s (2000) ethnographies of technical workers, which draw on
Garfinkel’s (1967) ethnomethodological work on the repair of language
through conversation, show the importance of maintenance and repair born
out of the ever-present presence of failure and malfunction and error – and
the consequent opportunity to learn from them. Thus Orr’s technical repre-
sentatives have built up a vast practical archive of fudges and shortcuts,
while Downey’s student computer engineers actually knew that they had
produced living design programs only when these programs produced bugs.
In Downey’s (1998: 239) words: ‘I would wager that [actions that try to filter
out human ingenuity] always hide important ways in which humans
contributed more than labor and ways in which technologies introduced
more than simple automation of human activities.’ Most particularly, as
Henke (2000) shows, the quality of improvisation is key since fault-finding
and repair is a process of ongoing, situated inquiry. Improvisation allows
the work of maintenance and repair to go on when things may seem bleak
and it takes in a whole series of responses, from simple repetition (such as
trying it again) through to attempts to improve communication so as to be
clear exactly what the problem is, through disagreement over causes,
through to complex theorizing, responses which are often the result of long
and complex apprenticeships and other means of teaching (Henke, 2000;
Suchman, 1987). Yet, at the same time, these ethnographies also show that
the way in which maintenance and repair is officially represented in most
bureaucracies as subordinate hides this work from view, for example in
worksheets that cannot acknowledge this knowledge.

It is important to understand, however, that the tightly drawn infra-
structural networks that characterize many contemporary societies routinely
blur the distinction between things and human actors, producing hybrid
networks that can be thought of as illustrations of ‘inhuman’ approaches like
actor-network theory. Indeed, it might be thought that such approaches are
but the natural cognitive sediment from the kinds of comfortable existences
that large infrastructural networks now make possible, characterized by
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knowledges and procedures that are able to take on a life of their own
through fortuitous mixes of bodies and machines in new kinds of actant
which are often themselves highly heterogeneous.5 Such thoughts on new
forms of ecology-in-action are only underlined by the way in which new
materials are constantly incorporated into these networks and by how many
infrastructural networks now have limited elements of automatic self-repair
built into them. For example, many machine systems are able to send
messages that one or more of their components has broken down and needs
repairing. The ambition is clearly to go farther: for example, one of the goals
of modern computer science has become the creation of so-called self-
healing systems. Such developments are aided as well by the way in which
many modern corporate organizations are consciously turning themselves
into ‘consolidators’ or ‘integrators’ of multiple flows of goods, information
and money. Through the intervention of enterprise resource management
software (Head, 2003), they have become proficient in linking and standard-
izing a whole range of activities; ‘supply chain management, brokerage
services, trade financing, reverse logistics, critical-parts distribution, global
freight, e-commerce tools, online tracking, and package delivery’ (Thackara,
2005: 57).

To summarize the argument so far, perhaps we have been looking in
the wrong place. Perhaps we should have been looking at breakdown and
failure as no longer atypical and therefore only worth addressing if they
result in catastrophe and, instead, at breakdown and failure as the means
by which societies learn and learn to re-produce (Petroski, 2006). Dis-
connection produces learning, adaptation and improvisation. All infrastruc-
tural systems are prone to error and neglect and breakage and failure,
whether as a result of erosion or decay or vandalism or even sabotage.
Indeed, many such systems are premised on a certain degree of error or
neglect or breakage or failure as a normal condition of their existence
(Petroski, 1985). But when things break down, new solutions may be
invented. Indeed, there is some evidence to suggest that this kind of piece-
by-piece adaptation is a leading cause of innovation, acting as a continu-
ous feedback loop of experimentation which, through many small
increments in practical knowledge, can produce large changes. Seen in this
light, ‘maintenance is learning’ (Brand, 1994: 127). And, if this is the case,
then the multifarious activities of repair and maintenance become not just
secondary and derivative but pivotal. They become one of our chief means
of seeing and understanding the world.

This argument, in turn, allows us to foreground three vital elements of
the world that it would be much easier to see if maintenance and repair was
taken into our accounts. The first is decay. The world constantly decays.
Moisture gets in. Damp hangs around. Ice expands joints. Surfaces wear
thin. Particles fall out of suspension. Materials rot.6 Insects breed.7 Animals
chew.8 All kinds of wildlife war with all kinds of fabric.9 Humans make
errors.10 Each process of dilapidation does its special harm and releases
new ‘wastes’ (Hetherington, 2004; Thompson, 1979). This entropic tendency
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can be likened to Freud’s notion of a death instinct, a force that undoes
connections and destroys life: the world is involved in a continuous dying
that can only be fended off by constant repair and maintenance. A similar
insight can be found in the architectural literature in the argument that
buildings are flows that are always in a state of flux as they strive constantly
to fend off decay, diverse means of, in effect, choosing particular means of
dying. Architectures are morphogenetic figures forged in time, tacking
against a general entropic tendency, an insight which is mutating into a new
generation of flow architecture.

The second element is the way in which maintenance and repair can
itself be a vital source of variation, improvisation and innovation. Repair
and maintenance does not have to mean exact restoration. Think only of the
bodged job, which still allows something to continue functioning but
probably at a lower level; the upgrade, which allows something to take on
new features which keep it contemporary; the cannibalization and recycling
of materials, which allows at least one recombined object to carry on, formed
from the bones of its fellows; or the complete rebuild, which allows some-
thing to continue in near pristine condition. And what starts out as repair
may soon become improvement, innovation, even growth. The examples are
legion: the constant tinkering of consumers with consumer goods, which can
certainly lead to customization and may even lead to redefinition, as in the
case of the early automobile (Franz, 2005). In turn, such constant tinkering
means that any repair and maintenance is likely to be idiosyncratic too.11

Returning to the issue of architecture exemplifies this point (Brand,
1994). While many urban buildings, especially in the global South, are auto-
constructed and continually adapted – even architecturally designed build-
ings are constantly being tinkered with. This produces gradual but
distinctive changes in their layout, skin and appearance. Very often, the
issues raised by this continual repair and adaptation of buildings are
actually completely ignored in the original design process.

Yet Brand, in his book How Buildings Learn (1994), documents how
only about a third of the US housing stock is well-maintained. The rest of
it is in a state of slower or faster decay. Estimates from the most recent
English House Condition Survey (ODPM, 2005) conclude that in 2003 31
percent (5.3 million) of the whole English housing stock consisted of ‘non-
decent’ homes while 5 percent of homes (1 million) were ‘unfit’. These
figures cannot be exactly mapped on to state of repair but they are at least
indicative. Commercial buildings are often, in certain senses, in even worse
condition, in part because architects themselves rarely consider or take into
their designs the business of maintenance and repair: ‘they see the people
who do the maintaining as blue collar illiterates and the process of upkeep
as trivial, not a part of design concerns’ (Brand, 1994: 112). Thus, one:

. . . survey of fifty-eight new business buildings near London [found that] ‘a
staggering one-fifth of the sample said that the need to clean their windows
had not even been considered during the design and construction of the
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building’. Also light fixtures in the grand lobbies were unreachable for lamp
replacement, and internal drains from the flat roofs had no access hatches for
inspection and cleaning. (1994: 112)

The final element is the sheer amount of economic activity – usually ignored
in accounts of ‘global’12 cities – generated by repair and maintenance. In
the United States, for example, there were fully 5.82 million people engaged
in ‘Installation, Maintenance and Repair’ (IMR) occupations in 2000. This
figure was expected to rise to 6.48 million by 2010, a growth rate of 11.4
percent. These jobs constituted 4 percent of all jobs in the USA, making
the sector one of the six most important service industry occupational groups
(DPE, 2003). While these jobs are decentralizing, following wider exurban-
ization trends, as Table 1 shows, IMR jobs still retain strong metropolitan
concentrations.

To summarize once more, the problem with contemporary social theory
is that it has predominantly theorized connection and assembly. But there
are good reasons to think that, in the overall scheme of things, disconnec-
tion and disassembly are just as important in that they resist entities’ means
of enacting themselves: failure is key. That said, disconnection is only
possible if connection, or the possibility of connection, is present, if a system
of forces can be formed (Harman, 2002). But a knowledge of systems of
partial connection is only just being formed (Strathern, 2004) and therefore,
like architecture, social theory still struggles to take maintenance and repair
into account.

What seems certain is that the main instance of a knot of ongoing work
of maintenance and repair to be found in the world currently is the contem-
porary city. The city is able to reproduce itself because of never-ending
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Table 1 Employment change in ‘Installation, Maintenance and Repair’ jobs
for selected US metropolitan economies and nationally, 1999–2003

Metropolitan Area/Date 1999 2002 2003

Atlanta MSA 80,300 94,220 97,280
Boston 67,460 62,530 61,090
Chicago MSA 125,590 132,850 135,960
Los Angeles Long Beach MSA 120,250 132,290 132,440
Miami MSA 44,380 38,680 38,830
New York MSA 105,690 137,400 134,990
San Diego MSA 42,460 44,600 45,540
San Francisco MSA 33,770 33,580 30,270
US National Economy 5,140,210 5,215,970 5,226,080

MSA = Metropolitan Statistical Area
Source: US Department of Labor, Bureau of Statistics, Occupational Employment Statistics,
(http://www.bls.gov/oes/oes_dl.htm)
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activities of repair and maintenance, which are not just incidental but
provide a good part of its dynamic, as they continually rinse away break-
downs. In what follows, we will investigate these activities in some detail
by reference to a series of infrastructural systems, starting with the most
general case and working through to two more specific examples.

The Myth of Order: Imagining Cities of Maintenance and
Repair
The preceding discussion raises a key question: how can we understand the
remarkable neglect of the massive and continuous work that is necessary to
sustain the complex infrastructural systems that, paradoxically, are so
widely emphasized in writings on the nature of contemporary ‘globalized’
cities? In what follows, we want to argue that four points help explain this
apparent paradox.

The Construction of ‘Infrastructure’
First, the very fact that certain technosocial complexes emerge that are
deemed to be ‘infrastructure’ often works to undermine their cultural visi-
bility. This veiling of the multitudinous technological circuits of the city as
standardized, normalized and immanent ‘infrastructure’ thus tends to work
to deflect attention from cities of repair. For Susan Leigh-Star (1999: 381–2)
such ‘infrastructure’ has nine key characteristics. It is embedded (i.e. ‘sunk
into other structures’, 1999: 381); transparent (‘it does not need to be re-
invented each time or assembled for each task’); offers temporal or spatial
reach or scope; is learned by its users; is linked to conventions of practice
(e.g. routines of electricity use); embodies standards; is built on an installed
base of sunk capital; is fixed in modular increments, not built all at once or
globally; and, as we have already suggested, tends to become visible upon
breakdown.

The last point is crucial for our discussion. For, as Leigh-Star argues,
making the Heideggerian point once again, infrastructure systems are often
physically and metaphorically veiled beneath the surface of urban life
(Kaika and Swyngedouw, 2000). They only tend to become manifest when
they cease to function or when the flows sustained by them are interrupted.
At such moments, in Erving Goffman’s (1959) terms, the built environment’s
‘backstage’ becomes momentarily ‘frontstaged’ (Henke, 2000). The sudden
absence of infrastructural flow creates visibility, just as the continued,
normalized use of infrastructures creates a deep taken-for-grantedness and
invisibility. Sociologists of science and technology call this latter process
‘black boxing’. Here ‘black boxes’ ‘are . . . settled items whose users and
colleagues (human and non-human) act in ways which are unchallenging to
the technology’ (Hinchcliffe, 1996: 665). Thus, interruptions in infrastruc-
tural connection can be seen as form of ‘unblackboxing’.

The normally invisible quality of working infrastructure becomes visible
when it breaks: the server is down, the bridge washes out, there is a power
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blackout. Even when there are back up mechanisms or procedures, their
existence further highlights the invisible infrastructure. (Leigh-Star, 1999:
382)

As David Perry suggests, therefore, it follows that, when infrastructure
networks ‘work best, they are noticed least of all’ (1995: 2).

Catastrophic Preoccupations and Cascading Effects
Second, attention to the need for repair and maintenance of infrastructures
tends only to occur after catastrophic, rather than prosaic failures. Large-
scale, cascading failures, particularly between electricity and transport
outages and other systems, demonstrate, following the influential work of
Charles Perrow (1999) on Normal Accidents, that tightly coupled infrastruc-
tures ‘predictably fail but in unpredictable ways’ (Little, 2002: 113). Such
failures can have many orders of cascading effects. For example, Little
(2002: 111) recounts how, in May 1998, the failure of just one satellite
terminated the operation of 80 percent of all US pagers, disrupted ATM and
credit card transactions systems, interrupted emergency health-care
communications systems and brought chaos to the complex, Just-in-Time
systems in place in health-care systems.

Thus, dominant concerns tend to be with the spectacular collapse of
whole cities, societies or civilizations, rather then the mundane interrup-
tions and repairs that constitute the quotidian existence of urban dwellers
(see, for example, Schneider and Susser, 2003; Vale and Campanella, 2005).
We encounter endless fantasies of cyberpunk decay (Sponster, 1992),
annihilated cities and complete societal breakdowns rather than swarming
masses of repair workers tinkering with the prosaic technicalities of urban
life. We have mass disasters and loss of life rather than the improvised
coping strategies of users and providers. And we rehearse the millennial
speculations of endless predictions of apocalypse by ‘cyberterror’ (Mitchell
and Townsend, 2005) rather than the endless and deeply prosaic software
glitches, crashes and the continuous repair necessary to run a simple
Windows PC, a city electrical system or an organizational computer network.

In other words, we confront what Josef Konvitz (1990: 62) – writing
about the impacts of Allied bombing on the infrastructures of German cities
in the Second World War – has called ‘the myth of terrible vulnerability’
(see Vale and Campanella, 2005). Konvitz argues that, by emphasizing the
catastrophic urban impacts of disaster, collapse or warfare, and simul-
taneously neglecting the way in which the often remarkable resilience of
urban infrastructure combines with continuous and prosaic efforts at repair,
urban literatures tend to radically overemphasize the vulnerabilities of cities
to complete, sustained and irrevocable collapse.

In the process, the continuities between the hidden and ongoing
cultures of repair that characterize urban life outside of catastrophic states,
and the efforts to overcome natural or human-crafted catastrophe, tend to
be dramatically underplayed. We would argue, for example, that the
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celebrated efforts of systems engineers to bring back web, mobile, data,
financial and TV services to the world’s most connected urban place –
Manhattan – after the 11 September 2001 attacks, merely constituted
concerted strategies that built on the continuous processes of management
and repair that allow such usually invisible systems to exist in the first place
(Mitchell and Townsend, 2005). The remarkable ways in which cities ‘rise
again’ after catastrophe thus have a great deal to do with the ways in which
cities are being continually repaired outside more cataclysmic periods
(Graham, 2004).

The Myth of ‘Infrastructure’ as Fixed and Stable Emplacement
Third, the ‘black boxing’ of infrastructural systems, and the failure of their
users to see beyond the flowing tap, the car ignition, the computer screen,
the telephone handset or the burning stove, to the empire of functions
‘behind’ the working service, has further important implications for the
imaginations of urban infrastructure. Cultures of normalized and taken-for-
granted infrastructure use sustain widespread assumptions that urban ‘infra-
structure’ is somehow a material and utterly fixed assemblage of hard
technologies embedded stably in place, which is characterized by perfect
order, completeness, immanence and internal homogeneity rather than
leaky, partial and heterogeneous entities.

Thus, the inherent and continuous unreliabilities within all infra-
structure systems, which necessitate continuous efforts of repair and main-
tenance to actually allow them to sustain the distantiated connections and
flows that they are designed to deliver, still tend to be rendered invisible
both culturally and analytically. Indeed, it often seems that the more un-
reliable the technology, the less it is commented on. Yet it might be argued
that most technologies go through a period – which may be an extended one
– when they do not ‘mesh’ and their components are unreliable. Thus, for
at least 80 years, automobiles were susceptible to breakdown on a regular
cycle, even with all the labour of servicing that might be put in to maintain-
ing them. Whole generations had to become expert at changing oil, mending
broken fan belts and replacing spark plugs, as well as makeshift roadside
repairs (such as giving the starter motor a good thump). It was only with the
advent of a new generation of automobiles, heavily reliant on electronic
monitoring, that reliability improved. Nowadays, information and communi-
cations technologies have largely replaced the system of automobility as
both the most central and yet the most likely to break down, not least
because of design flaws that are widely acknowledged but seem to be subject
to a law of inertia (Norman, 1998). Whole generations are becoming expert
at rebooting, defragging and downloading new security patches. But the
common reliance on teleological and deterministic notions, and master
narratives, depicting gigantic step-like processes of societal evolution,
where ‘steam-age’ infrastructures give way completely and quickly to ‘motor
age’, ‘nuclear age’ or ‘digital age’ ones, add to a sense of the infrastructural
palimpsests sustaining cities as being homogeneous, utterly internally
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coherent and singular machinic systems that are somehow installed en masse
as if by magic (Stivers, 1999) – to function automatically, and purely, until
they are replaced as a whole by some new technoscientific order.

(Re)Normalizing Interruption? The Neglect of Global South Cities
The final reason for the neglect of cities of repair is the continuing failure
to satisfactorily incorporate global South urbanism within the dominant
discourse of ‘urban studies’ (Robinson, 2005). For, in global South cities,
the deep infrastructural ideologies of the West – which tend to normalize a
ubiquitously networked urbanism and work to deny the very possibility of
spaces and times when networks are not available, or do not function – have
long been utterly untenable. In most of the mega-cities of the global South,
for example, the fact that urban life is the result of continuous efforts of
infrastructural improvisation and repair is too overwhelming and visible to
be ignored. Large swathes of urban economies, both formal and informal,
are constituted through efforts to deal with continual interruptions of flow
via the provision of back-up services that are able to deal with the continu-
ous collapses of mainstream systems that sustain major economic sectors:
personalized boreholes, generators, ‘illegal’ taps of power and water flow,
satellite access points and so on. Endless improvisation surrounds the
distribution of scarce water, sanitation, communications, Internet, energy
and transport services existing beyond the limited confines of officially
sanctioned or contracted users. Many economic sectors are dominated by
the question of how the modern and ‘competitive’ business and logistics
modes demanded by transnational economic integration and logistics chains
can be sustained against a background of unreliable, patchy and continu-
ously interrupted infrastructure supply (see, for example, Gulyani, 2001).
In global South cities, in short, it is often impossible to ignore that the very
technosocial architectures of urban life are heavily dominated by, and
constituted through, a giant system of repair and improvisation.

With the liberalization, privatization and ageing of infrastructure in
the global North sometimes leading to substantial interruptions of service,
coupled with a widespread withdrawal of profit-draining back-up systems,
the always oversimplified distinctions between the cities of the global North
and South are beginning to lessen. As regulated and universal service
monopolies are replaced or complemented by liberalized infrastructure
patchworks in many global North cities, so universal social, spatial or
temporal access to reliable infrastructure services is being undermined,
along with wider social contracts or Keynesian imaginations of networked
space-economies (Rochlin, 2001).

‘We Are All Hostages to Electricity’
In many ways, the inseparable nexus between electricity systems and
computer systems presents a particularly useful first example of the massive
and largely ignored efforts at continuous repair intrinsic to modern urban
life. As suggested earlier, beneath the techo-boosterism of the ‘new
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economy’, the realities of using contemporary computer systems is, in many
ways, constituted through continuous repair and maintenance. The Y2K
‘crisis’, in particular, hammered home the fact that contemporary ICT
systems are not ‘shining cities on a hill – perfect and ever new – but some-
thing more akin to an old farmhouse built bit by bit by non-union carpen-
ters’ (Ullman, 1999: 126). ‘Glitches, patches, crashes’, the crisis revealed,
were ‘as inherent to the process of creating an intelligent electronic system
as is the finely tuned program, the gee-whizz pleasure of messages sent
around the world at light speed’ (1999: 126). The fact that, during the Y2K
crisis, even computer and software engineers often had little idea of the full
archaeological sedimentation of decades worth of software within their
computer networks underlined the ‘near immortality of computer software’
(1999: 126) and the fact that the resulting systems were inevitably going to
be unreliable to an often unknown extent (Thrift and French, 2002). In the
event, only the largest concerted repair operation in human history, in the
years leading up the turn of the millennium, was able to avert the mass
failure of a whole host of transnational ICT systems and the interdependent
infrastructures that they sustain.

Clearly, then, a large amount of any investment of time and money in
keeping an IT system running is inevitably spent confronting the need for
continuous software and hardware upgrades and maintenance: installing
software patches to iron out a continuous stream of identified flaws; address-
ing the malignant code that is continually unleashed into the world; organ-
izing secure back-up systems to maintain data in the event of a major crash;
and training and equipping the staff, facilities and services to offer such
continuous repair services.13 To take just one example, within Metropolitan
Chicago in 2003, ‘computer maintenance and repair’ constituted 4 percent
of all jobs in the city (5679 jobs in all) (WBMC, 2003).

Moreover, a burgeoning universe of software support and call centre
help-lines, spread right across the world to service the major markets of
Northern metropolitan areas, constitutes one of the world’s fastest-growing
industries. Here we confront transnationally configured networks, organized
through computer systems, which link consumers in the global North to
advisers in the global South, and whose very raison d’être is the continual
requirement of users to deal with the mass, routine, failure in computer
systems. Spurred on by 9/11, new urban landscapes of repair and mainten-
ance have even started emerging around the cores of the world’s great cities,
as emergency computer centres, hardened and windowless like Cold War
bunkers, are built to be occupied within minutes in the event of a major
disruption or crisis.

The mutual constitution of electronic and electrical systems brings a
further crucial twist to the continuous repair that brings computerization
into being. Every microprocessor and electronic conduit is electrically
powered, and, these days, electricity generating systems are themselves
operated through complex computer networks. Electricity, moreover, can
neither be stored in significant quantities nor switched down particular
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paths. Instead, it must be generated continuously so that it flows freely,
spreading out along all available avenues of supply. The upshot is that
computer systems generate enormous demands for electrical power that
must be continuously generated and supplied. Some of these demands arise
in aggregate, as in the case of the millions of desktop PCs whirring away in
standby mode. Other demands are much more concentrated. For example,
by one estimate (Thackara, 2005), a single server farm consumes as much
electrical power as a city the size of Honolulu. Indeed, the concentration of
new server farms in and around the most important high-tech cities has often
created major load problems on ancient and often decaying electricity grids
and generating systems not designed for such requirements.

The result of this deepening electric-electronic nexus is that we are
‘all hostages to electricity’, as Leslie (1999: 119–23) puts it. Indeed, it is
by concentrating on the material architectures of electricity generation and
supply that, in many ways, we can begin to ‘see’ ‘cyberspace’ for what it is
– not an ethereal domain of ‘virtual’ bits and bytes, but a gigantic, materi-
alized and electrically powered system requiring massive amounts of
continuous and concerted maintenance and repair (Carroll, 2001):

. . . the computer tool is housed in an electrical building connected to the
electrical power system. Together this infrastructure materially represents
and sustains the trompe l’oeil of otherworldly immateriality whilst simul-
taneously depending upon a physical assemblage of wires, plugs, and sockets
to distribution lines and poles, transformers, transmission towers, and elec-
trical power plants. Without these extensions, Cyberspace would not
exist. . . . Cyberspace ceases to exist without electricity. (2001: 3–7)

With continuous, ‘24/7’, computerized interactions and transactions in all
economic sectors a prime feature of the techno-economic changes which
surround globalization, disruptions to electrical supply thus become all the
more debilitating. Studying moments of power loss, moreover, helps to reveal
the tensions between usually hidden infrastructures of supply, the cultures
of consumption and coping amongst users of power, and the complex politics
surrounding interruption, regulation, repair and maintenance (Luke, 2003).
In cities of the global South, as we suggested earlier, regular electricity
interruption is a fact of life and all users work overtime to develop ways
of coping with the predictable or unpredictable losses of power. In
addition, the poor reliability of electricity supply requires major firms in
such cities to adopt elaborate strategies which guarantee that the electric-
ity necessary to sustain their participation in transnationally organized,
just-in-time supply and production chains, through a proliferation of small,
corporately owned generating stations and major back-up generators
(Gulyani, 2001). Continuous brown-outs, as crumbling infrastructure
confronts burgeoning demand and often predatory privatization, serve to
puncture the hype that particular cities are necessarily becoming the new
iconic ‘global’ cities.
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In cities of the global North, meanwhile, assumptions of reliable and
continuous electricity supply have recently been severely eroded by the
growing frequency of major power cuts. These have occurred as the increase
in electricity demands caused primarily by the growth of ICT and air-
conditioning use (see Shove, 2003) have combined with the emergence of
liberalized and increasingly interdependent and transnational supply
regimes. The result has often been significant reductions in the reliability
of electricity supply. Each interruption – including the ‘rolling blackouts’
in California in January 2001 and the catastrophic failures in the north-
eastern USA and Canada on 14 August 2003, and in Italy in September of
that year – quickly became formal states of emergency. They caused major
economic disruption as the tightly coupled production, distribution,
communication and consumption systems that characterize contemporary
capitalist divisions of labour ground to a halt. This, in turn, led to a rapid
growth in efforts by citizens, firms, and city and state authorities to put in
place the sorts of coping strategies, contingency and ‘critical infrastructure
protection’ plans, back-up generator systems and new insurance policies
that have long been common in the global South. Finally, these events
ensured that the extremely low levels of research and development, main-
tenance and investment put in to repairing and sustaining energy infra-
structures has risen significantly across Western nations. Here, new notions
of repair and maintenance are quickly emerging, based on building ‘intel-
ligent’ electric supply systems which have computerized sensors and
automated diagnostic systems that will allow ‘self-healing’ so that any
disruptions are quickly localized, rather than cascading through multiple
supply networks, as occurred in August 2003.

What these events reveal most powerfully, however, are the political
economies surrounding the application of neoliberal economic ideologies to
networked infrastructures, and a complete rebuttal of the subtle cultures of
repair which actually allow complex technosocial systems like electricity to
work. While debates surrounding energy liberalization have been dominated
by abstract neoclassical economic theorizing and discussions of new energy
sources, the repair and maintenance of the ageing physical infrastructure
grids necessary to continually and reliably distribute the power sources to
the plugs and sockets of users has been all but ignored (Van Vliet et al.,
2005). ‘The rationale behind electricity deregulation’, writes Steve Nadis
(2004: n.p.), ‘is to encourage greater competition among generators, whilst
offering users extra choice. But there has been a problem in the middle: the
grid and how to use it.’

The day after the 14 August blackout, the New York Times front page
declared starkly that the United States was ‘a major superpower with a
Third-World electric grid’. ‘Our grid’, it continued, ‘is antiquated. It needs
serious modernisation’ (cited in Luke, 2003, 2). In a post mortem of this
crisis, a workshop on electricity reliability found that, remarkably, total
research and development (R&D) across the electric supply system in the
whole of the US amounted to less than $20 million a year. This constituted
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less than 0.0025 percent of total US R&D, a level that amounted to an
investment of less than 0.01 percent of the total sales in the electricity
industry (compared to nearly 13 percent in the computer industry, for
example) (Mittelstadt et al., 2003).

Electricity deregulation in the USA had actually ignored the economic
and geographical fundamentals of an industry that necessitates reliable,
material connectivities between generation and use; that is prone to cascad-
ing and spiralling failure as transcontinental and transnational markets in
supply are established within ‘complex interactive networks’, with dramatic,
unintended consequences, and where the hard infrastructures are ageing
and organized with a baroque level of complexity and local fragmentation.
‘As the power network becomes heavily loaded with [the] long distance
transfers’ created by the construction of electricity markets, one analysis of
the August blackouts concluded, ‘the already complex system dynamics
become ever more vulnerable. In a vulnerable system, a simple incident
such as an equipment failure can lead to a cascading sequence of events,
leading to widespread blackouts’ (Mittelstadt et al., 2003: 17).

Why Automobility Keeps Going
Let us move to one other urban icon for our second example. As Urry has
pointed out, one of the key systems of modern life is automobility
(Featherstone et al., 2005). Yet, to match the wider lacuna in the social
sciences, one of its key aspects – maintenance and repair – is constantly
overlooked. But it is possible to argue that this system is what keeps auto-
mobility going. Three examples of the various sub-systems of automobile
maintenance and repair out of the many that are available will serve to make
the point.

The first is roadside repair. Until recently, when automobiles started
to become more reliable, automobiles had to be surrounded by large
numbers of organizations that could engage in repair. A large penumbra of
garages and other repair institutions was necessary to keep cars on the road.
In the UK, as elsewhere, the economic significance of automobile repair is
still growing rapidly, despite the increasing reliability of cars. Indeed, the
number of enterprises almost doubled between 1995 and 2003 and turnover
grew by a third, presumably because of the growing number of cars on the
road, the importance of car accidents, and the wider cultures of car upgrade
and customization (see Table 2).

Another form of auto repair organization also appeared early on in the
history of automobility: mobile roadside repair groups. Most of these were
set up early on in the history of the automobile, usually around motoring
clubs. Again, the UK is a good example.14 The Royal Automobile Club
(RAC) was set up in 1897 using a translated and modified version of the
constitution of the Automobile Club de France. It introduced uniformed
motoring patrols in 1901 and roadside emergency telephone boxes in 1912.
The Automobile Association (AA) was set up in 1905 and by 1908 had set
up the AA Member’s Special Handbook, a nationwide list of agents and

Graham & Thrift – Out of Order 15

001-025 075954 Graham (D)  10/4/07  09:01  Page 15

 © 2007 Theory, Culture & Society Ltd.. All rights reserved. Not for commercial use or unauthorized distribution.
 at SAN FRANCISCO STATE UNIV on April 26, 2007 http://tcs.sagepub.comDownloaded from 

http://tcs.sagepub.com


repairers. From the early 1920s, it introduced a system of pre-purchase and
post-accident repair checks. Following the introduction of two-way radio, a
night-time breakdown and recovery service was launched in 1949, initially
only in London but then extending to the rest of the UK over time. In 1967,
an insurance brokering service was introduced, heralding a move into
financial services. In the 1990s, satellite technology was used to speed up
response, while in 2003 all AA patrols were issued with laptop computers
that could be plugged into the car’s electronics to diagnose the cause of a
breakdown.

At least to begin with, the RAC and AA tended to be the preserve of
the relatively well-off who could afford cars – for example, by 1939 the AA
membership had grown to 725,000, a number equivalent to 35 percent of
all cars – but a substantial number of people had to fall back on self-repair.15

Interestingly, in recent years both the RAC and the AA have been taken
over by companies whose focus is the more general provision of utilities and
finance and whose main skills might be thought to be in customer relation-
ship management, logistics and financial services (signalling the early inter-
section between roadside breakdown and insurance).16 Such associations
point to the way in which maintenance and repair is increasingly thought
of as a generic activity, the model for which can be spread across many
realms of everyday life. In turn, other roadside breakdown companies have
been formed, usually as part of a more general financial services initiative.

The second example is road repair. Roads continually wear out and
need their surfaces patched and then replaced. Similarly, the utilities that
lie under roads often need concerted intervention;17 the growing construc-
tion of utilities caused by utility liberalization causes rapid growth in the

16 Theory, Culture & Society 24(3)

Table 2 Indicative data for the Motor Vehicles Repair Sector in Great
Britain, 1995–2003

Number of Total turnover Total employment
enterprises (£ million) (thousands)

1995 17,060 8,900 –
1996 19,709 8,260 –
1997 22,027 8,011 –
1998 24,690 8,975 154
1999 26,089 11,118 159
2000 27,202 11,218 157
2001 27,862 11,890 164
2002 28,489 11,964 166
2003 29,229 12,060 176

Source: National Statistics, derived from Annual Business Enquiry Data (http://www.
statistics.gov.uk/default.asp)
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incidence of city roadworks (Marvin and Slater, 1997). This constant
business of road repair and maintenance is big business nowadays, a
business that has a number of components: government (in the UK, the
Department for Transport) and local authorities (some of which still have
their own direct works departments in the UK), a few main contractors (in
the UK, AMEC, Balfour Beatty, Carillion, Alfred McAlpine), and a host of
smaller contractors which are often linked to the larger contractors in supply
chain relationships. The stakes are large. Indicative figures from the UK
reveal that, in 2000/2001, new construction, improvement and structural
maintenance of trunk roads and motorways and their associated lighting
systems absorbed over £1.1 billion and £241 million of state spending
respectively. Local road maintenance and repair, meanwhile, absorbed just
short of £2 billion, with associated maintenance of lighting systems costing
another £1.3 billion (Regional Trends, 2000/2001).

Road repair and maintenance has many dimensions. Just two
examples will suffice. One is potholes. Potholes are a contentious political
issue, not least because insurers have increasingly blamed them for break-
down claims and are acting accordingly.18 The other is a history of inven-
tion. Recently, road maintenance has involved considerable technical
invention, from cold laid permanent repairs (which first became available
in the 1970s), through the latest generation of low-noise road surfaces to
new ways of filling potholes like Jetpatcher, as well as including a vast range
of specialized repair equipment, such as road planers and pavers. This
history of road construction and maintenance is only now being uncovered
(see Merriman, 2005).

The final example is automobile accidents.19 Automobile accidents are
often personal catastrophes but they are normal facts of everyday urban life
and, as if to illustrate this point, they are surrounded by a large and continu-
ous infrastructure, from ambulances, fire services, hospitals and the car
repairers just discussed, through police and motorway patrols to tow trucks
and insurance assessors. They also involve a large range of skills, from
forensic photography to the knowledge of how to run teams consisting of
actors from many different emergency services. But this crash ecology has
not come into existence overnight. It has been built up over a long period
of time.

Conclusions: ‘Surfacing Invisible Work’
This article has tried to argue that a major research challenge in the social
sciences currently is to re-imagine economies and places in ways which, to
adopt Susan Leigh-Star’s term, manage to ‘surface the invisible work’ (1999:
385) of maintenance and repair that continuously surrounds infrastructural
connection, movement and flow. Maintenance and repair is an ongoing
process, but it can be designed in many different ways in order to produce
many different outcomes and these outcomes can be more or less effica-
cious: there is, in other words, a politics of repair and maintenance. The
politics of repair ranges through many issues and scales. These parallel the

Graham & Thrift – Out of Order 17

001-025 075954 Graham (D)  10/4/07  09:01  Page 17

 © 2007 Theory, Culture & Society Ltd.. All rights reserved. Not for commercial use or unauthorized distribution.
 at SAN FRANCISCO STATE UNIV on April 26, 2007 http://tcs.sagepub.comDownloaded from 

http://tcs.sagepub.com


mobilities sustained by the configurations of ‘infrastructure’ that have been
our concern in this article.

Increasingly, the politics of repair saturate wider geopolitical struggles
and conflicts. When the possibilities of repair were withdrawn from the
people of Iraq, for example, because UN sanctions made it impossible for
their electrically powered water and sanitation systems to be brought back
into good use after they were deliberately devastated during the 1991 Gulf
War, it has been estimated that 111,000 Iraqi civilians died within the year
of the preventable, water-borne diseases that resulted (Graham, 2005).

The politics of repair also emerges in a host of other arenas: the wages,
conditions, locations and hours of repair work (many of the poorest people
are concentrated in maintenance and repair jobs, like cleaning of various
kinds); the politics of knowledge of repair (with the constant effort currently
being made by many firms to deskill repairers and to transfer their knowl-
edge into software; see Head, 2003; Henke, 2000); the concealment of the
sheer expenditure on repair that is constantly found in the military–
industrial complex; the proneness of certain systems to break down cata-
strophically, resulting in disaster and the need to apportion blame (Fortun,
2001); the uneven social and spatial provision of back-up and alternative
systems; and the efforts by both state and non-state adversaries to deliber-
ately work to disrupt, disable or destroy the networked infrastructures that
sustain cities and societies (Graham, 2005).

A multiscaled environmental politics also surrounds repair and recy-
cling. These provide a particularly powerful closing illustration of just how
taken-for-granted infrastructures can be. Three issues seem particularly
relevant here. First, many modern commodities are deliberately designed
so that the possibilities of maintenance and repair are foreclosed (Verbeek,
2004). They lack any kind of transparency so that their functioning cannot
be restored if they break down. This applies all the way from simple elec-
trical plugs and power adapters, which are tightly sealed, to increasingly
modular computer systems, through to motor car electronics, which can
only be worked on in a specially equipped garage by mechanics who use
diagnostic programs to slot in new circuit boards:

. . . cars have become more reliable over the years and you don’t have to
change parts as often as you used to, but the downside is that when some-
thing does go wrong you can’t fix it yourself and it will cost you a lot in a
garage. (King, cited in Gadher, 2006)

Second, many increasingly sophisticated commodities are actually
made to be replaced and disposed of through accelerating cycles of acqui-
sition and almost immediate disposal. This results in obvious ecological
problems to do with the generation, transportation and disposal or recycling
of waste. Thus, in modern developed countries, most products are thrown
away long before they have reached the end of their useful life, even though
they could have been repaired. The average mobile phone in Western
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nations is now thrown away after only 11 months of use; the average lifespan
of a computer in such countries had shrunk from 4–5 years in the 1990s
to less than two years by 2005 (JEM, 2005). As a result of this latter trend,
by early 2005, there were around 315 million obsolete PCs in storage around
the world awaiting disposal or recycling (Barrington, 2005: 23). Thus,
‘E-Waste’ is the fastest growing segment of the overall waste stream. It
produces its own (usually ignored) transnational geographies of repair and,
increasingly, elemental recycling. A continuous and massive transfer is
occurring of unwanted and often virtually new electronic equipment, which
flows ‘downhill on an economic path of least resistance’, from the major
cities of the global North to the processing spaces of Asia, Africa and Latin
America (Shabi, 2002: 36). Most E-Waste is currently dumped ‘offshore’ in
low-wage locations to be picked apart for precious and trace metals by tens
of thousands of men, women and children, working in extremely dangerous
conditions. For example, in the semi-urban area of Guiyu, in the Guandong
province of China, over 1,000,000 men, women and children earn US $1.50
a day breaking up discarded servers, computers, mobiles and other elec-
tronic equipment by hand in order to extract valuable steel, aluminium,
copper, manganese and gold.

Such deepening problems could be changed by fundamentally altering
the nature of tool-being. Products could be designed so that they are easily
maintained, repaired and upgraded, using light materials and structures and
various forms of metering (Van Hinte and Beukers, 1998). Technological
paradigms oriented towards the fetishistic generation of accelerating waves
of quickly disposed of hard products could be reorganized around longer-
term and sustainable systems of service delivery designed from the outset
to be easily and continually upgraded. For example, Barrington (2005: 23),
argues, in the case of IT industries, that ‘PCs currently consume massive
amounts of raw materials, drain huge amounts of energy, and have short life
spans. . . . The IT community needs fundamentally to redesign IT around
what it does (delivery) rather than what it is (technology).’20

Alternatively, repair and maintenance activities could be actively
expanded, so that commodity production and waste were both minimized
(Verbeek, 2004). Design consultancies like the Eternally Yours Foundation
in the Netherlands (Eternally Yours, 2004), have already attempted to
design products that would have a new and more knowing relationship to
maintenance and repair.

Finally, much maintenance and repair itself generates the use of other
secondary and often non-renewable products, and most notably paper. The
business of maintenance and repair is a business that is still replete with
large volumes of paper reports, alerts, archives, invoices, post-its and the
like, which, even in the ‘paperless office’, computers have done little to allay
and much to make worse.21

Such examples underline the fundamental point that this article is
trying to make. Repair and maintenance are not incidental activities. In
many ways, they are the engine room of modern economies and societies.
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As such, they form a challenge to our ways of thinking about things which
is more than just an expression of their supposedly passive and banal
presence. For what we see is that repair and maintenance are vital parts of
the relays of everyday life which involve their own forms of sending (Siegert,
1999). Without them, life would be impossible. Rather like the postal
system, they form a minimal discourse of commands, dates, addresses,
manuals, storage and feedback which whispers the world into existence.

Notes
John Law, John Urry, and the four anonymous referees were particularly helpful in
thinking through the issues raised in this article. We also want to thank audiences
at seminars given at the School of Social Sciences at the University of Cardiff, the
Said Business School at the University of Oxford and the School of Geography at
the University of Edinburgh for their many useful comments. Stephen Graham
would also like to thank the British Academy for its support, without which his
contribution to this article would not have been possible.
1. As Brown et al. (2004) show, Darwin did not get his descriptions of earthworm
intelligence right, attributing powers to earthworms that subsequent research shows
were exaggerated.
2. As Phillips points out, Darwin’s description of the earthworm can be counted as
his version of The Making of the English Working Class.
3. No doubt, we could have chosen another biological analogy – for example, the
constant symbiotic work of bacteria (Margulis, 1998) – but this analogy will serve
for now.
4. Remarkably, very few Heideggerian scholars have taken up this insight and
made more of it. An exception is Harman (2002) who, in his heretical account of
tool-being, concentrates matters on the broken, visible tool, arguing that all tools
are encountered in their being as broken equipment. Significantly, he relates
brokenness to space.
5. Thus, most infrastructural systems are made up of many different sub-systems
dating from different times, with different records of reliability and different needs
for repair and maintenance regimes.
6. One of the most serious problems currently is the way in which polymer cable
casing wears out after about 20 years. This is a problem that affects homes and
even aircraft.
7. Fire ants have proved a particular problem in Texas.
8. Notoriously, animals have been responsible for some of the major infrastructural
events of recent years, providing a nice example of how the natural world acts as a
constant hybrid intervention into technical systems. Notorious examples include the
rats that severed telecommunications fibre on a bridge in the Rimutaka area of New
Zealand’s North Island in 2005 which, in concert with the parallel severing of a cable
by a contractor, caused a major outage; the depredations of field mice in rural Sweden,
causing major telecommunications network outages; and numerous squirrels
becoming trapped in electricity substations. On one estimate, in New York 18 percent
of all phone cable disruptions are caused by rats, although a more realistic estimate
is probably AT&T’s figure of 1 percent. More bizarrely, badgers were recently respon-
sible for a collapse in the Llangollen Canal in Shropshire, while sharks have been
known to bite through underwater cables (Brown and Bostrom, 2005).
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9. For a particularly good illustration of this, see Ogborn’s piece on archives and
insects and Otter’s piece on wooden pavements in Harrison et al. (2004).
10. Human error is one of the main reasons for breakdowns in infrastructural
systems. Thus, the ubiquitous excavator is constantly slicing through cables and
pipes and, when a repair is being made, it does it again to the back-up cable or
other utility.
11. See Mokyr’s (2001) comments on the importance of this kind of knowledge
during the Industrial Revolution. The difference now is that such knowledge is
much more easily consolidated through devices like the Internet.
12. The one exception we have been able to find is the work on contract window
cleaning, mainly of commercial premises, that is undertaken by increasingly large
multinational corporations using large cohorts of temporary staff (Allen and Pryke,
2004; Coe, 2005).
13. Indeed, most larger software systems now demand continuous upgrading, and
the training cycles that go with it.
14. In North America, the American Automobile Association was launched in
1902, initially as a group of auto enthusiasts but becoming a national consortium
of automobile clubs which offers reciprocal services, while the Canadian Auto-
mobile Association was launched in 1913.
15. Though we suspect that this is a dying art except among groups of enthusiasts.
The AA currently has 15 million members in the UK, for example.
16. The RAC Motoring Service was taken over by in 1999 by Lex Service plc, has
recently been acquired by Aviva and is being integrated into Norwich Union Insur-
ance. The AA was demutualized and taken over by Centrica in 1999. In 2004 it
was acquired by two European private equity firms: CVC and Permira.
17. The fact that so many utilities thread cables and pipes under roads means that
they are particularly vulnerable to botched repairs by contractors.
18. By one estimate (from insurers keen to claim from local authorities), one in five
breakdown claims in the UK are to do with poor road conditions (Sulalman, 2005).
19. For example, there were 207,410 road accidents resulting in personal injury
in Great Britain in 2004, resulting in 280,840 casualties. Of these, 29,726 resulted
in death or serious injury.
20. Intel is currently attempting to do this, based on redefining what it counts as
progress.
21. Indeed, they may just have made things worse. One estimate (Thackara, 2005)
suggests that computerization produces an eightfold increase in paper use. See also
Sellen and Harper (2002).
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 Abstract

 The praxis-oriented interdisciplinary field of feminist technology
 studies (FTS) has done most among the social sciences to build a vi

 brant and coherent school of gender and technology studies. Given
 their shared commitment to exploring emergent forms of power
 in the contemporary world, there is surprisingly little dialogue be
 tween FTS and mainstream cultural anthropology. This review be
 gins by outlining FTS and its concepts and methods. I then turn
 to the anthropology of technology, which also offers useful concep

 tual frameworks and methods for exploring gender regimes. Then,
 to highlight the ideological and methodological contrasts between
 social and cultural analyses of technology and the implications for
 gender analysis, I discuss the treatment of technology in two lead
 ing theoretical fields in the cultural anthropology of modernity and
 globalization: the anthropology of technoscience, and material cul
 ture studies. I conclude by asking which forms of engagement might
 be envisaged between the fields.
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 FTS: feminist
 technology studies

 coproduction of
 gender and
 technology: their
 mutually constitutive
 relationship
 (emphasizing the
 performative,
 processual character
 of both)

 INTRODUCTION

 One fundamental way in which gender is
 expressed in any society is through tech
 nology. Technical skills and domains of ex
 pertise are divided between and within the
 sexes, shaping masculinities and femininities:

 Maybe the iconic womanly skill is basket
 making, whereas men should excel at hunting
 (MacKenzie 1991); or boys must learn to clean
 their fathers' tools to get a feel for grease be

 fore they are taught to use them (Mellstr?m
 2004); or poor women raise silkworms and
 sell the cocoons to rich households where

 the mistress organizes the tasks of reeling,
 spinning, and weaving among her servants
 (Bray 1997); or boys huddle around the com
 puter screen practicing hacking skills, while
 girls develop new communication codes us
 ing emoticons (Laegran 2003 b, Miller 2004).
 In the contemporary world, or at any rate in
 the Western nations which pioneered indus
 trialization and have thus been able for so long
 to dominate worldwide production of mate
 rial and intellectual goods, services, and de
 sires, technology is firmly coded male. Men
 are viewed as having a natural affinity with
 technology, whereas women supposedly fear
 or dislike it. Men actively engage with ma
 chines, making, using, tinkering with, and lov
 ing them. Women may have to use machines,
 in the workplace or in the home, but they
 neither love nor seek to understand them:

 They are considered passive beneficiaries of
 the inventive flame. The modernist associa

 tion of technology with masculinity translates

 into everyday experiences of gender, historical

 narratives, employment practices, education,
 the design of new technologies, and the dis
 tribution of power across a global society in
 which technology is seen as the driving force
 of progress.

 "Since technology and gender are both so
 cially constructed and socially pervasive, we
 can never fully understand one without also
 understanding the other" (Lohan & Faulkner
 2004, p. 319). A dense web of debate within
 the field of gender and technology studies, or
 feminist technology studies (FTS), catalyzes

 continual advances in studying what FTS
 terms the coproduction of gender and tech
 nology. Explorations of "constructive" ten
 sions in FTS (Lohan 2000) aim to develop
 innovative analyses of the material worlds we

 are creating through technology, and of tech
 nology's role in shaping local and global con
 figurations of power, forms of identity, and
 ways of living. Although expressed in different

 terms, this debate shadows current anthropo
 logical concerns with the transformative role
 and destabilizing potential of technology in
 emergent configurations o?oikos (what are the
 forms of human community?) and anthropos
 (what is a human being?) (Collier & Ong
 2005). Yet curiously the two debates are not
 in dialogue but remain largely unconnected.

 Theoretical debates around the gender
 and-technology pair principally engage fem
 inist sociologists and historians working in
 critical technology studies. Nordic social an
 thropologists and one or two representatives
 of the Anglophone and French school of the
 anthropology of technology also contribute to
 the debates. These scholars argue with each
 other, collaborate, and contribute to the same
 collections. FTS scholars draw on feminist

 philosophers of science and technology such
 as Harding (1986) and Haraway (1991), and
 gender theorists such as Butler (1993), who
 are also regular sources of theoretical inspi
 ration to anthropologists. Yet the absence of
 overlap between FTS and cultural anthropol
 ogy is striking. The latter is conspicuous by
 its absence from FTS state-of-the-field essays

 (Lerman et al. 1997, Wajcman 2002, Lohan &
 Faulkner 2004) and important FTS antholo
 gies (MacKenzie & Wajcman 1999, Lerman
 et al. 2003). Conversely, most cultural anthro

 pologists grappling with flows and subjectiv
 ities in the contemporary world, even when
 they put "technology" at the heart of their
 research, ignore FTS scholarship and de
 fine, delineate, and articulate their key ques
 tions and objects of inquiry in subtly different
 terms.

 This essay begins by looking at FTS,
 its origins and goals, and the concepts and

 5 8 Bray
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 methods it has developed for relating gender
 and technology. I then turn to the anthro
 pology of technology, which does not high
 light gender to the same degree but never
 theless offers useful conceptual frameworks
 and methods for exploring gender regimes.
 Gender-technology relations also feature in
 the anthropology of work, labor, and develop

 ment, but unfortunately space precludes dis
 cussing them here (see Freeman 2001, Ortiz
 2002, Mills 2003). Rather, to highlight the
 ideological and methodological contrasts be
 tween social and cultural analyses of technol
 ogy and the implications for gender analysis,

 I discuss the treatment of technology in two
 leading theoretical fields in the cultural an
 thropology of modernity and globalization:
 the anthropology of technoscience, and mate
 rial culture studies. I conclude by asking what
 forms of engagement might be envisaged be
 tween the fields.

 FEMINIST TECHNOLOGY
 STUDIES: THE
 COPRODUCTION OF
 TECHNOLOGY AND GENDER
 Feminist technology studies has developed in
 dialogue with the history and sociology of
 technology, disciplines in which feminist cri
 tiques have played a central part in overturn
 ing grand narratives and developing new an
 alytical models (Lerman et al. 1997, Faulkner
 2001, Wajcman 2004). Feminist sociologists
 and historians based in the Netherlands, the

 United Kingdom, and Australia, and a net
 work of Norwegian scholars that includes so
 cial anthropologists, have played a prominent
 role in developing the field.

 Arguing that in the modern world an effec

 tive engagement with technology is essential
 to feminist praxis, FTS strives to develop the
 theoretical and methodological tools to an
 alyze technology and gender simultaneously
 in equal depth (Lohan 2000, Faulkner 2001).

 Unlike much other feminist research on tech

 nology, which tends to treat technological ar
 tifacts as ready-mades, FTS looks to the pro

 duction of technology as a point of political
 leverage.

 One influential narrative of modernity,
 a "standard view" (Pfaffenberger 1992) still
 in common currency today, designates sci
 ence as the purest and most powerful form
 of knowledge, the driving force of moder
 nity; technology is essentially the applica
 tion of science to practical problems. Tech
 nology studies long ago rejected this model,
 insisting that technology must be studied in
 its own right as a distinctive practice; in the
 1980s science studies also came to acknowl

 edge the critical role of technology and its
 epistemologies in shaping the production of
 scientific knowledge. Despite exploring the
 political, cultural, and even cosmological di
 mensions of technical projects, technology
 studies long remained gender-blind, focusing
 on modern industrial and military technolo
 gies and reflecting the social realities of the en

 gineering and business worlds in foreground
 ing Man the Machine-Maker (Staudenmaier
 1985).

 In the 1970s radical feminists and eco

 feminists initiated a critique of the inher
 ently patriarchal nature of technology, and of

 technoscience more generally. Here the per
 ils of essentialization surfaced: Some feminists

 condemned all technology as intrinsically op
 pressive of women; others perpetuated stereo
 types of women as inherently nurturing. So
 cialist feminists generally tried to be more
 contextual in their work, pushing Marxist
 analysis beyond class to ask why and how mod

 ern Western technology had become a male
 domain; to address the gendering impact of
 modern divisions of labor and of the assig
 nation of women to the domestic sphere; to
 expand the spectrum of significant technolo
 gies to include refrigerators as well as space
 probes and suspension bridges; and to explore
 the reproductive and ethical as well as the
 productive effects of labor organization or of
 technological design (Oakley 1974, Cockburn
 1983, Corea et al. 1985, Kramarae et al. 1988,

 Wajcman 1991). Cowan's landmark study of
 household technologies (1983) undermined
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 sociotechnical
 system: the
 distinctive

 technological activity
 that stems from the

 linkage of techniques
 and material culture
 to the social
 coordination of labor

 script: material/
 sociotechnical effects

 built into the design
 of technological
 artifacts

 consumption
 junction: the place
 and time at which
 the consumer makes
 choices between

 competing
 technologies

 interpretive
 flexibility: divergent
 interpretations of
 form, use, or
 meaning of an object
 or of its users

 the common belief that technology makes
 our lives easier, showing how mechanization
 served to raise cultural standards of cleanli

 ness rather than freeing women from domes
 tic drudgery. Through interrogating concepts
 such as technological efficiency and signifi
 cance (Stanley 1993), FTS has broadened the
 scope of technology studies to include such as
 semblages as the brassiere, the closet, and the
 white collar (McGaw 1996). Feminist studies
 of the engineering profession charted the in
 stitutional, social, and cultural barriers against

 women (Arnold & Faulkner 1985, Cockburn
 1985, Bucciarelli 1994). The FTS agenda was
 both intellectual and political: While under
 mining gender stereotypes and masculinist ac
 counts of modernity, the ultimate goal of fem
 inist technology studies was, and remains, the
 translation of scholarship into feminist praxis
 (Faulkner 2001, Wajcman 2004). FTS fol
 lows the technology studies agenda in study
 ing technology as a distinctive domain, but
 like feminist science studies (Harding 1986)
 it interrogates its gendering at every level
 (Cockburn & Ormrod 1993).

 In the late 1980s constructivist approaches
 emerged in technology studies that shifted
 theoretical and empirical attention from en
 gineers' decisions to the complex social ne
 gotiations and contestations, the heterogene
 ity of expertise, of interest groups, and of

 material or institutional networks involved

 in technological innovation and in the sta
 bilization or redesigning of artifacts (Bijker
 et al. 1987). The concept of "sociotechnical
 systems" reflected the principle that the so
 cial and the technological are inseparable, a
 "seamless web" (Hughes 1986). Marxist schol
 ars unmasked the politics embodied or en
 coded in the design of technological arti
 facts (Winner 1986, Feenberg 1999). Actor
 network theorists proposed treating artifacts

 as having agency: These nonhuman actors
 may resist enrollment into our technolog
 ical projects; furthermore we may delegate
 to nonhuman actors moral as well as mate

 rial roles, inscripted into their design (Akrich
 1992, Latour 1992).

 A core interest of constructivist studies of

 technology is how artifacts (mass-produced
 bicycles, electrical supply systems) come to
 be as they are (Hughes 1983, Pinch & Bijker
 1987). This approach initially tended to keep
 the focus of analysis upstream, looking at
 the processes of conceptualization and the

 marshalling of resources that go into de
 sign, production, and marketing. As femi
 nist critics noted, in modern industrial soci
 eties an upstream focus may exclude women.

 However, the artifact itself, or its representa
 tion through instruction manuals, advertise
 ments, marketing, or the media, can often be
 shown to incorporate "configurations of the
 user," including "gender scripts," for instance,
 shaver models that inscript male desires to tin

 ker versus female preferences for simplicity
 (van Oost 2003) or cars marketed to men as
 powerful, to women as reliable (Hubak 1996).

 FTS scholar Cowan first brought atten
 tion to the importance of the consumer in
 determining the success or failure of tech
 nologies. She defined the "consumption junc
 tion" as "the place and time at which the
 consumer makes choices between competing
 technologies" (1987, p. 263). Once consumers
 (or rather users), like producers, were treated
 as rational actors embedded in complex so
 ciotechnical and cultural systems, it became
 easier to explain their decisions to adopt or to
 refuse a technology, as well as the degrees of
 "interpretive flexibility" to which they might

 subject it (Parr 1999, Legran 2003a).
 This shift of attention downstream, to con

 sumers, mirrored a broader trend in social

 and cultural analysis toward studying con
 sumption as the principle site for the pro
 duction of meaning and the reproduction of
 power relations in modern societies. In tech
 nology studies, however, the role of consumer

 is more complex, interesting, and powerful
 than is usually the case in cultural studies.
 In technology studies consumers are users (or
 refusers), engaging actively?sometimes pos
 itively, sometimes negatively?with the phys
 ical as well as the symbolic dimensions of the
 artifact (Oudshoorn & Pinch 2003).
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 New technologies are often threatening
 and unfamiliar. To be incorporated into our
 lives they must be successfully "domesticated"

 (Sorensen & Berg 1991, Silverstone & Hirsch
 1992, Lie & Sorensen 1996). At one level we
 learn to adapt to the technologies, acquiring
 and communicating technical skills and de
 veloping uses and meanings?including gen
 dered subjectivities?within "communities of
 practice" (Wenger 1998, Mellstr?m 2004,
 Paechter 2006). Equally important is the feed
 back upstream of intended and unintended
 uses. So-called "user-centered design" is now
 routine in many industries (Oudshoorn et al.

 2004), and the choices and subjectivities of
 nonusers are becoming just as important to
 industry (and to social scientists) as those of
 users (Kline 2003, Wyatt 2003).

 In the introduction to the second edition of

 their influential collection on the social shap
 ing of technology, Mackenzie & Wajcman
 urge researchers to continue to examine "the
 specific ways in which this shaping takes
 place... [for] if the idea of the social shaping of

 technology has intellectual or political merit,
 this lies in the details" (1999, p. xvi). But how

 might case studies best be connected to cast
 light on broader political configurations? FTS
 does not share the current obsession of an

 glophone anthropology with theorizing glob
 alization. Rather, it proposes the concept of
 integration as an approach to processes of in
 terp?n?tration and patterns of homogeniza
 tion or heterogeneity within a community,
 nation, region, or global network. On one
 level, technological integration hinges on the
 effective interconnection of technical hard

 ware and expertise; on another level, it is a
 political, social, and cultural process (Arnold
 2005, Misa & Schot 2005). Although "users"
 remain a key focus in FTS, one recent in
 tegrative approach, the "mediation junction"
 (Oldenziel et al. 2005), locates stakeholder
 interactions, coalitions, and contestations

 within overarching contexts of regulation or
 policy, and of state, market, and civil society
 (see also Oudshoorn & Pinch 2003, pp. 101
 90). Oldenziel et al. highlight the importance

 of consumer organizations in the postwar in
 corporation of American-style kitchens into
 European homes, consumption styles, and so
 cial values?and also into safety regulations,
 systems of energy supply, and brand rank
 ings. Other studies compare patient activism
 around cancer testing in the United States and

 the United Kingdom (Parthasarathy 2003)
 or the impact on regulatory policy of global
 coalitions supporting or contesting geneti
 cally modified crops (Bray 2003).

 Another prominent concern in current
 FTS is the exploration of femininities and
 masculinities, their performance through
 technology, and issues of practice, skill, and
 embodiment, including emotions, pleasure,
 sexuality, and eroticism (Law 1998, Law &
 Singleton 2000). Together with Butler's anal
 ysis of gender as performance, ConnelPs
 (1995) concept of "hegemonic masculinity,"
 "the configuration of gender practice which
 embodies the currently accepted answer to
 the problem of the legitimacy of patriarchy"
 (p. 77), serves FTS scholars as a tool to ex
 plore how particular gendered identities are
 attributed, achieved, and performed and their
 place within broader configurations of power.

 Wajcman has noted a distinction between
 two expressive and constitutive forms of mas
 culinity, both connected to the mastery of
 technology. One is based on toughness and
 practical skills (e.g., the mechanic), the other
 on intellectual acuity (e.g., the software de
 signer) (Wajcman 1991). Horowitz's collec
 tion Boys and their Toys? (2001) examines
 "manhood in the workplace," "learning to be

 men" and "manhood at play." Faulkner and
 her colleagues explore different ways in which
 men and women talk about their techni

 cal aptitude, setting these self-representations

 against actual practice (Faulkner 2000, Kleif
 & Faulkner 2003). Mellstr?m (2003) has stud

 ied the relation between technologically con
 figured masculinities and state ideologies of
 modernity in Malaysia; how the embodied
 "learned dispositions" of mechanics are fos
 tered and transmuted from father to son

 (2002); and the uses of leisure artifacts such as

 hegemonic
 masculinity:
 embodies the

 currendy accepted
 answer to the

 problem of the
 legitimacy of
 patriarchy
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 motor-bikes in male bonding in Sweden and
 Malaysia (2004). Although the equation be
 tween masculinity and technology in Western
 societies is durable, there are often huge mis

 matches between image and practice so that
 fractured and contradictory constructions of
 masculinity often coexist (Faulkner 2000).
 Meanwhile research on non-Western soci

 eties challenges these associations. Lagesen's
 research in Malaysia, for example, shows that
 young women enter the profession of soft
 ware engineering in roughly equal numbers to
 men and believe that their different practices

 of problem-solving are equally conducive to
 excellence (Lagesen 2005).

 FTS scholars use the term coproduction to
 designate the dialectical shaping of gender and
 technology. The concept is intended to high
 light the performative, processual character
 of both gender and technology and to avoid
 the analytical and political pitfalls of essential
 izing either (Grint & Gill 1995, Berg 1997,
 Faulkner 2001). In modern societies gender is
 constitutive of what is recognized as technol
 ogy, determining whether skills are catego
 rized as important or trivial (Bowker & Star
 1999). An electric iron is not technology when
 a woman is pressing clothes, but it becomes
 technology when her husband mends it. A
 woman engineer who tests microwave ovens
 is told by her male colleagues that her job
 is really just cooking (Cockburn & Ormrod
 1993). In the 1970s computers were thought
 of as "information technologies" and coded
 male; it was widely assumed that women
 would have problems with them. By the 1990s
 computers had also become "communica
 tion technologies"; now it was presumed that
 women would engage with them enthusias
 tically. "New technologies spur processes of
 boundary work and renegotiations of what is
 to be considered masculine and feminine" (Lie
 2003a, p. 21; Lohan 2001).

 In terms of praxis, the overarching goal of

 FTS is to analyze how technology is impli
 cated in gender inequalities to work toward
 more democratic forms of technology. Noting
 the relatively limited potential of consumer

 intervention for democratizing technologies
 from the outside in, some FTS scholars sug
 gest that rather than continuing to focus pre
 dominantly on consumption, identity, and
 representation, FTS should return to produc
 tion and work, or to the gendering of de
 sign processes and the gender subjectivities
 of designers, as research sites (Oudshoorn
 et al. 2004, Wajcman 2004). An important
 paper by Suchman (1999), based on an an
 thropological consultancy for technology de
 sign in a large industrial enterprise, draws
 on Haraway and on labor theory to propose
 new modes of feminist objectivity, rooted in
 densely structured and dynamic landscapes of
 working relations that destabilize the bound
 aries between producer and user. Document
 ing the masculinist ideologies of the engineer
 ing world and exposing prevalent stereotypes

 about women and technology may both con
 tribute to democratizing technology from the
 inside out. Eventually they might inflect pre
 vailing ideologies of technology. More mod
 estly, given that gender systems are more diffi

 cult to change than are material technologies,
 they suggest ways to encourage more women
 to become engineers or to reshape state or
 industry policies of training and employment
 (Kvande 1999, Gansmo 2003).

 ANTHROPOLOGY OF
 TECHNOLOGY,
 ANTHROPOLOGY OF
 TECHNIQUES
 Within the American tradition of cultural an

 thropology, technology has generally been
 viewed "as a context for, rather than a central

 part of, culture" (Wilson & Peterson 2002,

 p. 450). Pfaffenberger (1992) lays out a
 melancholy history of neglect, dating back
 to Malinowski's declaration that the study
 of technology alone was scientifically sterile
 (1935, p. 460) and to Kroeber & Kluckhorn
 (1952, p. 65), who rejected the term mate
 rial culture on the grounds that the culture
 was the idea behind the artifact. Technol

 ogy continued to be studied by archaeologists,
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 cultural ecologists [including Geertz at an
 early point of his career (1963)], and develop
 ment anthropologists; feminist archaeologists
 have been particularly productive in rethink
 ing gender-technology relations (Gero &
 Conkey 1991, Wright 1996). Yet within main
 stream cultural anthropology in the United
 States, technology was not an object of anal
 ysis in its own right, and no recognized
 field of anthropology of technology emerged
 (Pfaffenberger 1992, Suchman 2001). This
 antimaterialist aversion was less marked in

 British social anthropology, but despite some
 distinguished studies and original theoretical
 claims (Goody 1971,1986; Sillitoe 1988; Gell
 1992; Ingold 2000), there too anthropological
 interest in technology as a theorizable cate
 gory has remained muted.

 In 1992 Pfaffenberger published an impas
 sioned call to anthropologists to take tech
 nology seriously. Anthropology was uniquely
 qualified, he argued, to answer important
 questions about technology as a universal hu
 man activity. He proposed translating the con
 cept of "sociotechnical systems," borrowed
 from technology studies, into a template for
 anthropological study, laying a basis for com
 parative analysis of the place of technolo
 gies in the generation of meaning, in pre
 capitalist as well as capitalist societies. In
 2001 Pfaffenberger once again lamented "the
 enormous cost of Anglo-American anthro
 pologists' penchant to ignore technological
 activities" (p. 84). His paper appears in a wide
 ranging collection of perceptive and origi
 nal essays on technology by archaeologists
 and anthropologists. But theoretically and

 methodologically they sprawl: a noble attempt

 by the editor to extract a coherent agenda for
 an anthropology of technology reads like a list,

 not a program, and gender is not mentioned
 (Schiffer 2001b).

 Among the few American anthropologists
 to take technology seriously as technology are

 Suchman and Downey. Both work among en
 gineers, focusing on the design and produc
 tion of technologies, the business contexts in

 which they are developed, and the material in

 corporation of values and worldviews into ar
 tifacts such as bridges or CAD/CAM technol
 ogy (Downey 1992, 1998; Suchman 2001). In
 an essay advocating "cyborg anthropology,"
 Downey et al. (1995) propose close anthropo
 logical attention not only to representations
 or consumption of technology, but to the cul
 tures of the technical communities that pro

 duce technologies and to the specific material
 effects of technology on perception, commu
 nication, and identity. The authors propose
 cyborg anthropology as an action-oriented
 agenda, aligned with FTS, that would engage
 the general public and unmask the material as

 well as cultural dimensions of domination by
 race, class, and gender.

 From her uncharacteristic perspective as
 an anthropologist working with industry,
 Suchman (2001) distinguishes three aspects
 of research on contemporary technology:
 {a) ethnographic studies of sites of technology

 production; (b) studies of technologies-in-use;

 and (c) ethnographically based design inter
 ventions. Although aspect (c), rooted firmly
 in aspects (a) and (b), would be the goal of
 feminist technology studies, anthropological
 studies of technologies are usually limited to
 aspect (b). In the absence of sustained de
 bate around technology as a distinctive cat
 egory of material activity, rather than just
 another source of metaphors, it is not sur
 prising that most anthropologists prefer just
 to look at the dimensions that are most ob

 viously cultural productions. As Axel (2006)
 notes, anthropologists writing on emergent
 technologies, for example, information and
 communication technologies (Hakken 1993,
 Escobar 1994, Wilson & Peterson 2002), in
 variably claim that anthropology as a disci
 pline is particularly well suited to charting
 their emergence. Yet these are accounts not
 of technology per se but of specific technolo
 gies, and it is not clear that they offer anything

 distinctive from analyses produced in other
 branches of cultural studies.

 Over decades of intensive debates in
 the pages of Techniques et culture and other
 francophone journals, the French school of
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 operational
 sequence: the series
 of material, social,
 and symbolic
 operations involved
 in a specific
 transformation of
 matter

 anthropology of techniques, which also in
 cludes archaeologists, economists, engineers,
 historians, and sociologists, has developed
 specific theoretical and methodological reper
 tories for the comparative study of technolo
 gies. The convention of defining technique to
 include bodily practices {techniques du corps) as
 well as the use of tools dates back to Mauss,

 who saw techniques du corps as distinctive cul
 tural practices, and to Leroi-Gourhan, who
 treated tool and anatomy as inseparable in
 his analysis of the logic of technical action.
 The French approach begins with detailed at
 tention to "operational sequences" or cha?nes
 op?ratoires, "the series of operations involved

 in any transformation of matter (including
 our own body) by human beings" (Lemonnier
 1992, p. 25). From systematic observation of
 the operational sequences of production or
 use, analysis proceeds to what Lemonnier calls

 the "social representation of technologies":
 This denotes not only the kinds of meaning
 that usually attract the attention of cultural
 anthropologists, but also the ideas governing
 the construction and use of tools and artifacts,
 an ethnoscience of material nature and action.

 Skills (savoir-faire), documented through
 operational sequences, are a key focus in
 which material, mental, social, and cultural re

 sources converge (d'Onofrio & Joulian 2006).
 The analysis of technological choices or
 styles goes beyond, but must account for,
 the relevant material affordances or con

 straints and systems of technical skill and
 understanding (Lemonnier 1993). The core
 observational and analytical methods may
 be deployed within a variety of overarching
 frameworks, including actor network theory
 (Latour 1993), modes of production (Guille
 Escuret 2003), or anthropology of ritual
 (Lemonnier 2004). The approach spans high
 tech, low tech, and no tech, from the design
 of high-speed urban transportation systems
 (Latour 1996), through the rocky negotia
 tions of technology transfer (Akrich 1993),
 to gender differences in Indian pottery mak
 ing (Mahias 1993) or the place of posture in
 Chinese femininities (Flitsch 2004).

 Similar to the American anthropologists
 of technology, the French school views
 technology as a universal human activity and
 emphasizes the need to build strong analytical
 and empirical bridges between upstream and
 downstream, artifact production and use.
 Its conceptual frameworks and methods are
 designed to apply equally to old or new
 technologies. Scholars such as Mahias (2002)
 have deployed them brilliantly to illuminate
 the interp?n?tration of "traditional" and
 industrial, local and "global" technologies
 and technological cultures. Although gender
 technology relations are not as prominent or
 sustained a theme as in FTS, the methods
 lend themselves to finely textured studies of
 gendered identity, some focused on individual

 technologies or bodily practices (Desrosiers
 1997, Darbon et al. 2002, Pardo 2004), others

 on gendered repertories of technical skills
 (Mahias 2002). Although Latour's study of
 Aramis (1996) has been criticized for gender
 blindness (Wajcman 2004), it offers rich ma
 terials for the study of masculinities. In a study

 of imperial China, Bray (1997) documents
 the historical dynamics of a "gynotechnics,"
 mutually shaping technologies of dwelling,
 production, and reproduction central to
 hegemonic and pragmatic gender identities.
 Refining the concept of techniques du corps,
 Ingold (2000) proposes treating the skills
 of craft and of art under the same heading
 and highlights their ontogenetic nature. Far
 from being added onto a preformed body,
 skills grow with the body: "[T]hey are fully
 part and parcel of the human organism, of its

 neurology, musculature, even anatomy, and
 so are as much biological as cultural" (p. 360).
 This approach suggests bridges to recent
 FTS researches, inspired by Butler (1993),
 on the "achievement" of gender (Lie 2003 a).

 ANTHROPOLOGY AND
 TECHNOLOGY

 Classic anthropological monographs, includ
 ing Malinowski's, are rich in materials
 on technical activities and their meanings
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 (Malinowski 1935, Pfaffenberger 2001). Ex
 amining the articulations of work, produc
 tion, and skills with exchange, ritual, kinship

 dynamics, and social differentiation, they ad
 dress, as does FTS but implicitly, sociotech
 nical systems, "seamless webs" of material,
 social, and symbolic practices and relations.
 Although not expressed in these terms, clas
 sic anthropology contributed some fine pre
 cursors to the study of technology and gen
 der, for instance in studies of sexual divisions

 of labor (e.g., Richards 1939, Hugh-Jones
 1979).

 Once the concept of gender became a spe
 cific analytical focus, feminist scholars focused

 on technical practices, old and new, to rethe
 orize core anthropological concepts radically,
 including kinship (Strathern 1992), exchange
 (Weiner 1992), or space (Moore 1986). As
 the anthropology of gender fused with the
 anthropology of modernity and of globaliza
 tion, attention turned to the role of techno

 science in reshaping gender regimes. And
 with the broader cultural turn emphasizing
 the importance of consumption as the con
 stitutive site of subjectivities and power, the
 new field of material culture studies contrived

 a radical new antiessentialist perspective on
 technologies.

 Anthropology of Technoscience

 Technology and such derived concepts as
 "technoscapes" or "techno-nature" figure
 prominently in recent anthropological theo
 ries of the place of technoscience in moder
 nity and/or globalization. Key concerns of an
 thropological studies of technoscience, as of
 FTS, are the formation of the modern sub

 ject and the distribution of power through
 emerging global networks. However, Escobar
 (1994) explicitly distinguishes the agenda of
 the anthropology of technoscience from that
 of the sociology of technology: "For anthro
 pologists, inquiry into the nature of moder
 nity as the background for current under
 standing and practice of technology is of
 paramount importance. In this anthropology

 is closer to the philosophy than to the new
 sociology of technology" (p. 213). The cul
 turalist approach to technoscience, like the
 "standard view," is interested first and fore

 most in science, powerful knowledge instru
 mentalized through technology. Technologies
 are of anthropological interest as phenomena
 emerging from particular cultural contexts,
 contributing to new cultural worlds such as
 "cyberculture" or "techno-nature" (Escobar
 1994, 1999).

 In destabilizing boundaries between the
 human and the natural or between human

 and machine, promoting new, troubling rela
 tions of intimacy, or facilitating new forms of

 governmentality, emergent technologies such
 as in-vitro fertilization, transnational organ
 transplants, stem-cell research, or data-banks
 raise new questions of "how to live" (Collier &
 Lakoff 2005). New technologies may be con
 ceptualized as prostheses, elements of cyborg
 fusions between human and machine that

 extend our capacities and permit enhanced
 modes of being and relating; new forms of in
 terp?n?tration of zones of space and time; and

 new possibilities for action at a distance, for
 connection, coalition, or control (Axel 2006,

 Rafael 2003, Wright 2001). They may figure
 as tools for both research and accumulation,

 concentrating capital or biocapital in certain
 sites while providing the material procedures
 and equipment for the domestication of new
 life forms such as stem cells (Franklin 2005).

 The term global assemblages has been pro
 posed to address the spatial and political dy
 namics of these restless flows and concentra

 tions of material and symbolic resources (Ong
 & Collier 2005).

 Most work within the anthropology
 of technoscience that explicitly attends
 to gender-technology relations addresses
 biopower and its new subjects: the new mas
 culinities or femininities achieved through re

 makings and resexings of the body; or through
 cross-class, transnational, or interethnic re

 configurations of kinship and reproduction
 (Kaufman & Morgan 2005). Analysis fo
 cuses on the potentialities and interpellations

 domestication:
 users' appropriation
 of new technologies
 and feedback into

 design
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 MCS: material
 culture studies

 inherent in the new science and its repre
 sentations; on users as "ethical pioneers"; on
 interactions between experts and technicians
 and the "lay" users (or refusers) of biom?dical
 services; and on "lay" appropriations or con
 testations of new disciplinary regimes (Rapp
 1998, Greenhalgh 2005). However the tech
 nological apparatus itself is usually left as a
 black box. Despite Downey's cyborg man
 ifesto, there are few anthropological stud
 ies of the material production or design of
 the technologies of biopower, cybercultures,
 or techno-natures. Rabinow's illuminating
 biographies of technology, studying the co
 production of technological apparatus, tech
 nocracy, research agendas, and scientific
 imaginarles, are rare anthropological analy
 ses of the power inherent in the nuts and
 bolts of technology (Rabinow 1996, Rabinow
 & Dan-Cohen 2005). Traweek's classic up
 stream study of the mechanical foundations of

 high-energy physics (1988), which explicitly
 explores the gendering of technocratic pro
 duction and practice, is another exemplary
 rarity.

 Material Culture Studies

 The anthropology of technoscience engages
 with heroic technologies, such as DNA
 sequencing or organ transplantation, that
 promise to transform what it means to be
 human. Material culture studies (MCS) cur
 rently takes up the challenge of decoding the

 mundane technologies of everyday life such
 as kitchen equipment or cars, analyzing the
 role of material artifacts in producing subjec
 tivities and social relations. As a counterbal

 ance to classical Marxist analyses that treated
 work and production as the loci where iden
 tity and meaning were produced, the cul
 tural Marxism of MSC prioritizes meaning
 and identity production through the social
 processes of consumption (Miller 1995). One
 theoretical concern of MCS is to critique
 the reification of globalization by demonstrat

 ing that the "global" is always manifested
 and experienced as a "local" phenomenon.

 Widely viewed as global in nature, yet intrin
 sically cultural in their use, the new commu
 nications technologies offer irresistible test
 cases.

 MSC studies of the Internet in Trinidad

 (Miller & Slater 2000) or of cell-phones in
 Jamaica (Horst & Miller 2005) generate richly
 textured analyses of how technology use in
 tertwines with sociality, including the expres

 sion and affirmation of gendered identities
 and forms of intimacy and relatedness. They
 also document the gratifying extension of
 Jamaican or Trinnie styles of communica
 tion across transnational spaces, transform
 ing the experiences of migration or dias
 pora. The point is convincingly made that
 Caribbean Internet users are not reacting
 to globalization but creating it. By insist
 ing that the new technologies facilitate but
 do not determine these cultural extensions,

 these studies reflect the MCS position on
 "materiality."
 MCS proposes the concept of materiality

 to transcend the object-subject divide, viewed
 as an enduring weakness of Western thought.

 One might have thought this would open
 up very interesting possibilities for theorizing
 technology, skills, and subjectivity. However,
 in repudiating reification of the object, MCS
 specifically dismisses technology as an analyt
 ical category. Although Miller develops meth
 ods for charting the extension of technology
 use that correspond to the specific ways in
 which the Internet or cell-phones work, he
 insists that the primary interest is how they
 are brought into being as cultural artifacts. It
 is correct, as Miller asserts, that the Internet

 is in constant flux, its features continually re

 worked by its users. Yet even the Internet in
 volves a framework of technical design, cost
 ing, and regulation (local or transnational)
 that channels and constrains the forms of

 communication and sociality it allows (Wilson
 & Peterson 2002, Wilk 2005). Miller's stud
 ies of communications technologies are actu
 ally rich in detail on the political-economic
 context within which they were launched
 and adopted, and on user skills, technical
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 as well as social. Generally speaking, how
 ever, MCS is open to criticism for excessive
 culturalism: "while the demolition of the

 essentialized object was an urgent neces
 sity, the declaration of objects' and im
 ages' emptiness has become a proof for an
 anthropology committed to the victory of
 the cultural over the material, and of the

 discursive over the figurai" (Pinney 2002,
 p. 259).

 FRUITFUL EXCHANGES?

 The interdisciplinary field of feminist stud
 ies of technology has done more than any
 other social science to build a vibrant and

 coherent school of gender and technology
 studies. FTS has drawn heavily on ideas and

 methods developed within anthropology: the
 integrity of social action and culture; the
 "micromacro" linkage of everyday skills and
 techniques and political-economic activities;
 and detailed empirical observation and broad
 ranging comparative analysis. Could we now
 envisage more explicit and sustained forms of
 engagement among different branches of an
 thropology and FTS, to strengthen our un
 derstanding of gender-technology relations in
 a rapidly changing world?

 Philosophically, FTS and the anthropol
 ogy of technology share a strong materialism
 in their approach to culture-technology di
 alectics. Exchange between the fields there
 fore presents few epistemological problems.
 FTS lacks research on gendered dimensions
 of technical skills (Faulkner 2001), and here
 methods developed by the French school for
 documenting operating sequences and savoir

 faire might prove helpful. In considering the
 full spectrum of gender subjectivities achieved

 or imposed through technology in differ
 ent contexts, another obvious lack in FTS

 at present is studies of non-Western soci
 eties, past as well as present. The anthro
 pology of technology, by theorizing tech
 nology as a universal human activity, offers
 not only a rich spectrum of non-Western
 and premodern case studies, but also ana

 lytical frameworks for reintepreting histori
 cal and ethnographic documents from FTS
 perspectives.

 In its attention to the materialities of ev

 eryday life, the French school of anthropology
 of technology shares common ground with

 MCS, but fundamental disagreement about
 whether technology constitutes an analytical
 category is a serious barrier to dialogue. It
 is not totally insurmountable, however. Dant
 (2005) argues for the value of incorporating

 more attention to technical skills and prac
 tices into MCS analysis; some contributors
 to Material Culture Studies focus on tech

 nological goods as technologies (Shove &
 Southerton 2000); and French practitioners
 of MCS have successfully borrowed from the
 anthropology of techniques, integrating anal
 ysis of production and skills into their studies
 of consumer culture (Warmer 1999, Faure
 Rouesnel 2001). Were anglophone MCS to
 tread a similar path it might have to abandon
 some ambitious idealist claims about materi

 ality. Yet valuable new insights into the co
 production of technology and gender might
 result if the strengths of MCS in charting
 the coproduction of global and local culture

 were extended to acknowledge technology.
 This would also provide a neat way for MCS
 to incorporate global flows of financial, cor
 porate, and regulatory power more fully into
 their analyses.

 The anthropology of technoscience at
 tends closely to these global flows of power,
 and despite significant philosophical differ
 ences with FTS, there is a strong case to
 be made for closer dialogue between the
 fields. Concepts such as sociotechnical sys
 tems, stabilization, and integration allow
 FTS to explore how technologies and the
 associated politics of gender travel across
 space and time and how they consolidate
 into systems that resist change. These ap
 proaches, along with FTS methods for study
 ing the design and production of technolo
 gies, could enhance technoscience studies of
 biopower and of global assemblages. Atten
 tion to the gendering of technical design
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 would be particularly valuable in advancing
 understanding of biopower. Conversely, in fo
 cusing so closely on the gender-technology
 nexus itself FTS sometimes neglects deeper
 lying ideogical dimensions within which any

 regime of truth concerning gender and tech
 nology must ultimately be understood, and
 which the anthropology of technoscience
 takes as its object, namely emergent config
 urations oioikos and anthropos.

 DISCLOSURE STATEMENT

 The author is not aware of any biases that might be perceived as affecting the objectivity of
 this review.
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The past twenty years have seen an expanding engagement at the intersection of fem-
inist scholarship and science and technology studies (STS). This corpus of research is
now sufficiently rich that it invites close and more circumscribed reviews of its various
areas of concentration and associated literatures. In that spirit, the aim of this chapter
is to offer an integrative reflection on engagements of feminist STS with recent devel-
opments in a particular domain of science and technology, which I designate here as
the sciences of the artificial.1 Building on previous discussions relating the perspec-
tives of feminist research to technology more broadly, the focus of this chapter is on
developments at the shifting boundary of nature and artifice as it figures in relations
between humans and computational machines. Central projects are those collected
under the rubric of the cognitive sciences and their associated technologies, includ-
ing Artificial Intelligence (AI), robotics, and software agents as well as other forms of
embedded computing.2 Central concerns are changing conceptions of the sociomate-
rial grounds of agency and lived experience, of bodies and persons, of resemblance
and difference, and of relations across the human/machine boundary.

In framing my discussion with reference to feminist STS my aim is not to delineate
the latter into a discrete subdiscipline somehow apart from science and technology
studies more broadly. Not only are the interconnections—historical and conceptual—
far too thick and generative to support a separation, but such territorial claims would
be antithetical to the spirit of the scholarship that I have selected to review. The point
of distinguishing feminist-inspired STS from the wider field of research, and the “sci-
ences of the artificial” from technosciences more broadly, is rather to draw the bound-
aries of this particular chapter in a way that calls out certain focal interests and
concerns. I include here work done under a range of disciplinary and methodological
affiliations, most centrally feminist theory, but also the sociology of science, cultural
anthropology, ethnomethodology, and information studies and design. The connect-
ing thread for the writings that I discuss is an interest in questioning antecedents and
contemporary figurings of human/technology relations through close historical,
textual, and ethnographically based inquiry. The research considered here is distin-
guished from technology studies more broadly by a critical engagement with (1)
technosciences founded on the trope of “information”; (2) artifacts that are “digital”
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or computationally based, (3) a lineage involving automata or the creation of
machines in (a certain) image of the human and human capacities, and (4) analysis
informed by, or on my reading resonant with, feminist theorizing.

I take it that a virtue of STS is its aspiration to work across disciplines in construct-
ing detailed and critical understandings of the sociality of science and technology,
both historically and as contemporary projects. Feminist scholarship, similarly, is orga-
nized around core interests and problems rather than disciplinary canons, and com-
prises an open-ended and heterodox body of work.3 The aspects of feminist STS that
I trace out in this chapter define a relationship to technoscience that combines criti-
cal examination of relevant discourses with a respecification of material practices. The
aim is to clear the ground in order to plant the seeds for other ways of configuring
technology futures.

FEMINIST STS

Certain problematics, while not exclusive to feminist research, act as guiding ques-
tions for contemporary feminist scholars engaging with technoscience. Primary
among these is the ongoing project of unsettling binary oppositions, through philo-
sophical critique and through historical reconstruction of the practices through which
particular divisions emerged as foundational to modern technoscientific definitions of
the real. The latter include divisions of subject and object, human and nonhuman,
nature and culture, and relatedly, same and other, us and them. Feminist scholars most
directly have illuminated the politics of ordering within such divisions, particularly
with respect to identifications of sex and gender. A starting observation is that in these
pairings the first term typically acts as the privileged referent against which the second
is defined and judged.

In constituting the real, questions of resemblance and difference and their associ-
ated politics are key. The question of difference outside of overly dichotomous and
politically conservative oppositions is one that has been deeply and productively
engaged, particularly within feminist and postcolonial scholarship.4 Feminist STS joins
with other recent scholarship in interrogating the conceptual and empirical grounds
of the collapsing but still potent boundary between those most foundational cate-
gories of science and technology, that is, nature and culture.5 At least since Donna
Haraway’s famous intervention ([1985]1991), feminist scholars embrace as well the
increasingly evident inseparability of subjects and objects, “natural” bodies and “arti-
ficial” augmentations. The study of those connections includes a concern with the
labors through which particular assemblages of persons and things come into being,
as well as the ways in which humans or nonhumans, cut off from the specific sites
and occasions that enliven them, become fetishized. In the latter process, social rela-
tions and labors are obscured, and artifacts are mystified.

Feminist research shares with poststructuralist approaches, moreover, the premise
that the durable and compulsory character of categorizations and associated politics
of difference are reproduced through ongoing reiterations, generated from within
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everyday social action and interaction.6 Correspondingly, the consequences of those
re-enactments are intelligible only as the lived experiences of specifically situated,
embodied persons. Taken as enacted rather than given, the status of resemblance and
difference shifts from a foundational premise to an ongoing question—one to be
answered always in the moment—of “Which differences matter, here?” (Ahmed, 1998:
4). As I discuss further below, this question takes some novel turns in the case of the
politics of difference between nature and artifice, human and machine.

SCIENCES OF THE ARTIFICIAL

These concerns at the intersection of feminist scholarship and STS have immediate
relevance for initiatives underway in what computer scientist, psychologist, econo-
mist, and management theorist Herbert Simon famously named (1969) “the sciences
of the artificial.” More specifically, the perspectives sketched above stand in chal-
lenging contrast to Simon’s conception of relations of nature and artifice, along several
dimensions. First, Simon’s phrase was assembled within a frame that set the “artifi-
cial” in counterdistinction to the “natural” and then sought to define sciences of the
former modeled on what he took to be the foundational knowledge-making practices
of the latter. The work considered here, in contrast, is occupied with exploring the
premise that the boundary that Simon’s initiative was concerned to overcome—that
between nature and culture—is itself a result of historically specific practices of mate-
rially based, imaginative artifice. Second, while Simon defined the “artificial” as made
up of systems formed in adaptive relations between “inner” and “outer” environ-
ments, however defined, feminist STS joins with other modes of poststructuralist the-
orizing to question the implied separation, and functional reintegration, of interiors
and exteriors that Simon’s framework implies. Rather, the focus is on practices through
which the boundary of entity and environment, affect and sociality, personal and
political emerges on particular occasions, and what it effects. Moreover, while Simon’s
project takes “information” as foundational, it is the history and contemporary work-
ings of that potent trope that forms the focus for the research considered here. And
finally, while Simon’s articulation of the sciences of the artificial took as its central
subject/object the universal figure of “man,” the work of feminist STS is to undo that
figure and the arrangements that it serves to keep in place.

In this context the rise of information sciences and technologies is a moment that,
under the banner of transformative change, simultaneously intensifies and brings into
relief long-standing social arrangements and cultural assumptions. The stage is set by
critical social histories like Paul Edwards’s The Closed World (1996), Alison Adam’s Arti-
ficial Knowing: Gender and the Thinking Machine (1998), N. Katherine Hayles’s How We
Became Posthuman (1999), and Sarah Kember’s Cyberfeminism and Artificial Life (2003),
which examine the emergence of information theory and the cognitive sciences
during the latter half of the last century. These writers consider how the body and
experience have been displaced by informationalism, computational reductionism,
and functionalism in the sciences of the artificial (see also Bowker, 1993; Helmreich,
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1998; Forsythe, 2001; Star, 1989a). Artifice here becomes complicated, as simulacra are
understood less as copies of some idealized original than as evidence for the increas-
ingly staged character of naturalized authenticity (Halberstam & Livingston, 1995: 5).
The trope of informatics provides a broad and extensible connective tissue as well
between the production of code as software, and the productive codes of bioengi-
neering (Fujimura & Fortun, 1996; Franklin, 2000; Fujimura, 2005).

In the remainder of this chapter I consider a rich body of STS scholarship engaged
in critical debate with initiatives under the banner of the sciences of the artificial. I
turn first to the primary site of natural/cultural experimentation; namely, the project
of engineering the humanlike machine, in the form of artificially intelligent or expert
systems, robotics, and computationally based “software agents.” For STS scholars the
interest of this grand project, in its various forms, is less as a “science of the human”
than as a powerful disclosing agent for specific cultural assumptions regarding the
nature of the human and the foundations of humanness as a distinctive species prop-
erty. I turn next to developments in the area of human-machine mixings, rendered
iconic as the figure of the cyborg, and materialized most obviously in the case of
various bodily augmentations. I then expand the frame from the figure of the aug-
mented body to more extended arrangements of persons and things, which I discuss
under the heading of sociomaterial assemblages. I close with a reflection on the pre-
conditions and possibilities for generative critical exchange between feminist STS and
these contemporary technoscience initiatives.

MIMESIS: HUMANLIKE MACHINES

The most comprehensive consideration to date of relations between feminist theory
and the project of the intelligent machine is unquestionably Alison Adam’s (1998)
Artificial Knowing: Gender and the Thinking Machine. Adam, a historian of science
working for the past twenty years within practical and academic computing, provides
a close and extensive analysis of the gendered epistemological foundations of AI. Her
argument is that AI builds its projects on deeply conservative foundations, drawn from
long-standing Western philosophical assumptions regarding the nature of human
intelligence. She examines the implications of this heritage by identifying assump-
tions evident in AI writings and artifacts, and more revealingly, alternatives notable
for their absence. The alternatives are those developed, within feminist scholarship
and more broadly, that emphasize the specificity of the knowing, materially embod-
ied and socially embedded subject. The absence of that subject from AI discourses and
imaginaries, she observes, contributes among other things to the invisibility of a host
of requisite labors, of practical and corporeal care, essential to the progress of science.
Not coincidentally, this lacuna effects an erasure, from associated accounts of techno-
scientific knowledge production, of work historically performed by women.7

Adam’s analysis is enriched throughout by her careful readings of AI texts and pro-
jects, and two examples in particular serve as points of reference for her critique. The
first, named “State, Operator, and Result” or Soar, was initiated by AI founding father
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Allen Newell in the late 1980s. The aim of the project was to implement ideas put
forward by Newell and his collaborator Herbert Simon in their 1972 book Human
Problem Solving. Adam observes that the empirical basis for that text, proposed by
Newell and Simon as a generalized “information processing psychology,” comprised
experiments involving unspecified subjects. While the particularities of the subjects
are treated as irrelevant for Newell and Simon’s theory, the former appear, on Adam’s
closer examination of the text, to have been all male and mostly students at Carnegie
Mellon University. The tasks they were asked to complete comprised a standard set of
symbolic logic, chess, and cryptarithmetic problems:

All this leads to the strong possibility that the theory of human problem solving developed in
the book, and which has strongly influenced not just the development of Soar but of symbolic
AI in general, is based on the behaviour of a few, technically educated, young, male, probably
middle-class, probably white, college students working on a set of rather unnatural tasks in a US
university in the late 1960s and early 1970s. (Adam, 1998: 94)

The burden of proof for the irrelevance of these particulars, Adam points out, falls to
those who would claim the generality of the theory. Nonetheless, despite the absence
of such evidence, the results reported in the book were treated by the cognitive science
research community as a successful demonstration of the proposition that all 
intelligent behavior is a form of problem solving, or goal-directed search through a
“problem space.” Soar became a basis for what Newell named in his 1990 book Unified
Theories of Cognition, though the project’s aims were subsequently qualified by 
Newell’s students, who developed the system into a programming language and 
associated “cognitive architectural framework” for a range of AI applications (Adam,
1998: 95).

Adam takes as her second example the project “Cyc,” the grand ten-year initiative
of Douglas Lenat and colleagues funded by American industry during the 1980s 
and 1990s through the Microelectronics and Computer Technology Corporation
(MCC) consortium. Where Newell aspired to identify a general model of cognitive
processes independent of any particular domain, Lenat’s aim was to design and build
an encyclopedic database of propositional knowledge that could serve as a foundation
for expert systems. Intended to remedy the evident “brittleness” or narrowness of the
expert systems then under development, the premise of the Cyc project was that the
tremendous flexibility of human cognition was due to the availability, in the brain,
of an enormous repository of relevant knowledge. Neither generalized cognitive
processes nor specialized knowledge bases, Lenat argued, could finesse the absence of
such consensual, or “common sense,” knowledge. Taking objects as both self-
standing and foundational, Lenat and his colleagues characterized their project as one
of “ontological engineering,” the problem being to decide what kinds of objects 
there are in the world that need to be represented (Lenat & Guha, 1989:23). Not sur-
prisingly the resulting menagerie of objects was both culturally specific and irremedi-
ably ad hoc, with new objects being introduced seemingly ad infinitum as the need
arose.
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Adam observes that the Cyc project foundered on its assumption of the generalized
knower who, like the problem-solver figured in Soar, belies the contingent practices
of knowledge making. The common-sense knowledge base, intended to represent
“what everyone knows,” implicitly modeled relevant knowledge on the canonical
texts of the dictionary and encyclopedia. And charged with the task of knowing inde-
pendently of any practical purposes at hand, the project’s end point receded indefi-
nitely into a future horizon well beyond the already generous ten years originally
assigned it. More fundamentally, both the Soar and Cyc projects exemplify the
assumption, endemic to AI projects, that the very particular domains of knowing
familiar to AI practitioners comprise an adequate basis for imagining and imple-
menting “the human.” It is precisely this projection of a normative self, unaware of
its own specificity, that feminist scholarship has been at pains to contest.

Along with its close reading of AI texts and projects, Artificial Knowing includes a
commentary on specifically anthropological and sociological engagements with AI
practice, focusing on my early critique (Suchman, 1987; see also 2007), and those of
Diana Forsythe (1993a,b; see also 2001), Harry Collins (1990), and Stefan Helmreich
(1998).8 My own work, beginning in the 1980s, has been concerned with the ques-
tion of what understandings of the human, and more particularly of human action,
are realized in initiatives in the fields of artificial intelligence and robotics.9 Immersed
in studies of symbolic interactionism and ethnomethodology, I came to the question
with an orientation to the primacy of communication, or interaction, to the emer-
gence of those particular capacities that have come to define the human. This empha-
sis on sociality stood in strong contrast to my colleagues’ fixation on the individual
cognizer as the origin point for rational action. A growing engagement with anthro-
pology and with STS expanded the grounds for my critique and underscored the value
of close empirical investigations into the mundane ordering of sociomaterial practices.
Initiatives in the participatory or cooperative design of information systems opened
up a further space for proactive experiments, during the 1990s, in the development
of an ethnographically informed and politically engaged design practice (Blomberg 
et al., 1996; Suchman, 2002a,b). Most recently, my frame of reference has been further
expanded through the generative theorizing and innovative research practices of fem-
inist scholarship. Within this feminist frame, the universal human cognizer is pro-
gressively displaced by attention to the specificities of knowing subjects, multiply and
differentially positioned, and variously engaged in reiterative and transformative activ-
ities of collective world-making.

Diana Forsythe’s studies, based on time spent in the Knowledge Systems Laboratory
at Stanford University in the late 1980s and early 1990s, focus on questions of “knowl-
edge acquisition” within the context of “knowledge engineering” and the design of
so-called expert systems (Forsythe, 1993a,b; 2001). Considered a persistent and
intractable “bottleneck” in the process of expert system building, knowledge acquisi-
tion references a series of primarily interview-based practices aimed at “extraction” of
the knowledge presumed to be stored inside the head of an expert. As the metaphors
suggest, the project of the intelligent machine from the point of view of the AI prac-
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titioners studied by Forsythe is imagined in terms of process engineering, the design
and management of a flow of epistemological content. The raw material of knowledge
is extracted from the head of the expert (a procedure resonant with the more recent
trope of “data mining”), then processed by the knowledge engineer into the refined
product that is in turn transferred into the machine. The problem with this process
from the point of view of AI practitioners in the 1980s and early 1990s was one of
efficiency, the solution a technological one, including attempts at automation of the
knowledge acquisition process itself. Forsythe’s critique is framed in terms of assump-
tions regarding knowledge implicit in the knowledge engineering approach, includ-
ing the starting premise that knowledge exists in a stable and alienable form that is
in essence cognitive, available to “retrieval” and report, and applicable directly to prac-
tice. In contrast she directs attention to the forms of knowing in practice that escape
expert reports and, consequently, the process of knowledge acquisition. Most impor-
tantly, Forsythe points toward the still largely unexamined issue of the politics of
knowledge implied in expert systems projects. This includes most obviously the labor-
ing bodies—of scientists as well as of the many other practitioners essential to scien-
tific knowledge making—that remain invisible in the knowledge engineers’ imaginary
and associated artifacts. And it includes, somewhat less obviously, the more specific
selections and translations built in to the knowledge engineering project from its
inception and throughout its course.

Machinelike Actions and Others
Within the STS research community it is Collins’s (1990, 1995) debate with AI that is
perhaps best known. Insistently refusing to take up questions of gender, power, and the
like, Collins nonetheless develops a critique of AI’s premises regarding the acquisition
of knowledge, drawn from the Sociology of Scientific Knowledge, that has significant
resonance with feminist epistemologies.10 Building on his groundbreaking studies of the
replication of laboratory science (1985), Collins demonstrates the necessity of embod-
ied practice—formulated in his case in terms of “tacit knowledge”—to the acquisition
of scientific and technical expertise. His later work develops these ideas in relation to
the question of knowledge within AI and expert systems projects, with attendant dis-
tinctions of propositional and procedural, knowing that and knowing how.11

As Collins points out, what he designates “machine-like actions” are as likely to be
delegated to humans as to be inscribed in so-called intelligent machines. This obser-
vation invites attention to the question of just which humans historically have been
the subjects/objects of this form of “mechanization.” Pointing to the historical rela-
tion between automation and labor, Chasin (1995) explores identifications across
women, servants, and machines in contemporary robotics.12 Her project is to trace the
relations between changes in forms of machinic (re)production (mechanical to elec-
trical to electronic), types of labor (industrial to service), and conceptions of human-
machine difference. Figured as servants, she points out, technologies reinscribe the
difference between “us” and those who serve us, while eliding the difference between
the latter and machines: “The servant troubles the distinction between we-human-
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subjects-inventors with a lot to do (on the one hand) and them-object-things that
make it easier for us (on the other)” (1995: 73).

Domestic service, doubly invisible because (1) it is reproductive and (2) it takes place
in the household, is frequently provided by people—and of those predominately
women—who are displaced and desperate for employment. The latter are, moreover,
positioned as “others” to the dominant (typically white and affluent, at least in North
America and Europe) populace. Given the undesirability of service work, the conclu-
sion might be that the growth of the middle class will depend on the replacement of
human service providers by “smart” machines. Or this is the premise, at least, pro-
moted by those who are invested in the latter’s development (see Brooks, 2002). The
reality, however, is more likely to involve the continued labors of human service
providers. Chasin’s analysis of robotics in the context of service work makes clear that,
given the nonexistence of a universal “human” identity, the performance of human-
ness inevitably entails marks of class, gender, ethnicity, and the like. As well as denying
the “smart” machine’s specific social locations, moreover, the rhetorics of its presen-
tation as the always obliging, “labor-saving device” erases any evidence of the labor
involved in its operation “from bank personnel to software programmers to the third-
world workers who so often make the chips” (Chasin, 1995: 75). Yet as Ruth Schwartz
Cowan (1983) and others have demonstrated with respect to domestic appliances,
rather than a process of simple replacement, the delegation of new capacities to
machines simultaneously generates new forms of human labor as its precondition.

Situated Robotics and “New” AI
Feminist theorists have extensively documented the subordination, if not erasure, of
the body within the Western philosophical canon. In How We Became Posthuman
(1999), Katherine Hayles traces out the inheritance of this legacy in the processes
through which information “lost its body” in the emerging sciences of the artificial
over the last century (1999: 2).13 Recent developments in AI and robotics appear to
reverse this trend, however, taking to heart arguments to the effect that “embodi-
ment,” rather than being coincidental, is a fundamental condition for cognition.14 The
most widely cited exception to the rule of disembodied intelligence in AI is the ini-
tiative named “situated robotics,” launched by Rodney Brooks in the 1980s.15 In her
generally critical review of work in AI and robotics, Alison Adam writes that devel-
opments under the heading of “situated robotics,” in particular, “demonstrate a clear
recognition of the way in which embodiment informs our knowledge” (1998: 149).
Sarah Kember (2003) similarly sees the project of situated robotics as providing a
radical alternative to the life-as-software simulationism school of Artificial Life.16

Central to this project, she argues, is a move from the liberal humanist ideal of a self-
contained, autonomous agent to an investment in “autopoesis.” The latter, as formu-
lated most famously by Maturana and Varela (1980), shifts attention from boundaries
of organism and environment as given, to the interactions that define an organism
through its relations with its environment. This, according to Kember, comprises
recognition of life as always embodied and situated and represents “a potent resource
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for debating the increasingly symbiotic relation between humans and machines”
(2003: 6). But what, exactly, does it mean to be embodied and situated in this 
context?

The first thing to note is that discoveries of the body in artificial intelligence and
robotics inevitably locate its importance vis-à-vis the successful operations of mind, or
at least of some form of instrumental cognition. The latter in this respect remains
primary, however much mind may be formed in and through the workings of embod-
ied action. The second consistent move is the positing of a “world” that preexists inde-
pendent of the body. Just as mind remains primary to body, the world remains prior
to and separate from perception and action, however much the latter may affect and
be affected by it. And both body and world remain a naturalized foundation for the
workings of mind. As Adam points out, the question as framed by Brooks is whether
cognition, and the knowledge that it presupposes, can be modeled separately from
perception and motor control (1998: 137). Brooks’s answer is “no,” but given the con-
straints of current engineering practice, Adam observes, the figure that results from
his ensuing work remains “a bodied individual in a physical environment, rather than
a socially situated individual” (1998: 136).

It is important to note as well that the materialization of even a bodied individual
in a physical environment has proven more problematic than anticipated. In partic-
ular, it seems extraordinarily difficult to construct robotic embodiments, even of the
so-called “emergent” kind, that do not rely on the associated construction of a “world”
that anticipates relevant stimuli and constrains appropriate response. Just as reliance
on propositional knowledge leads to a seemingly infinite regress for more traditional,
symbolic AI, attempts to create artificial agents that are “embodied and embedded”
seem to lead to an infinite regress of stipulations about the conditions of possibility
for perception and action, bodies and environments. The inadequacies of physicalism
as a model for bodies or worlds are reflected in Brooks’s recent resort to some kind of
yet to be determined “new stuff” as the missing ingredient for human-like machines
(2002: chapter 8.)

The project of situated robotics has more recently been extended to encompass what
researchers identify as “emotion” and “sociability.”17 These developments represent in
part a response to earlier critiques regarding the disembodied and disembedded nature
of intendedly intelligent artifacts but are cast as well in terms of AI’s discovery of these
as further necessary components of effective rationality. The most famous material-
izations of machine affect and sociability were the celebrity robots developed during
the 1990s in MIT’s AI Lab, Cog and Kismet. Cog, a humanoid robot “torso” incorpo-
rating a sophisticated machine vision system linked to skillfully engineered electro-
mechanical arms and hands, is represented as a step along the road to an embodied
intelligence capable of engaging in human-like interaction with both objects and
human interlocutors. Cog’s sister robot, Kismet, is a robot head with cartoon-like,
highly suggestive three-dimensional facial features, mobilized in response to stimuli
through a system of vision and audio sensors, and accompanied by inflective sound.
Both robots were engineered in large measure through the labors of a former doctoral
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student of Brooks, Cynthia Breazeal. Both Cog and Kismet are represented through an
extensive corpus of media renderings—stories, photographs, and in Kismet’s case,
QuickTime videos available on the MIT website. Pictured from the “waist” up, Cog
appears as freestanding if not mobile, and Kismet’s Web site offers a series of recorded
“interactions” between Kismet, Breazeal, and selected other humans. Like other con-
ventional documentary productions, these representations are framed and narrated in
ways that instruct the viewer in what to see. Sitting between the documentary film
and the genre of the system demonstration, or “demo,” the videos create a record that
can be reliably repeated and reviewed in what becomes a form of eternal ethnographic
present. These reenactments thereby imply that the capacities they record have an
ongoing existence, that they are themselves robust and repeatable, and that like any
other living creatures Cog and Kismet’s agencies are not only ongoing but also con-
tinuing to develop and unfold.18

Robotics presents the technoscientist with the challenges of obdurate materialities
of bodies in space, and Kember maintains the possibility that these challenges will
effect equally profound shifts in the onto-epistemological premises not only of the
artificial but also of the human sciences.19 But despite efforts by sympathetic critics
such as Adam and Kember to draw attention to the relevance of feminist theory for
AI and robotics, the environments of design return researchers from the rhetorics of
embodiment to the familiar practices of computer science and engineering. Brooks
embraces an idea of situated action as part of his campaign against representational-
ism in AI, but Sengers (in press) observes that while references to the situated nature
of cognition and action have become “business as usual” within AI research,
researchers have for the most part failed to see the argument’s consequences for their
own relations to their research objects. I return to the implications of this for the pos-
sibilities of what Agre (1997) has named a “critical technical practice” below but here
simply note the associated persistence of an unreconstructed form of realism in roboti-
cists’ constitution of the “situation.”

SYNTHESIS: HUMAN/MACHINE MIXINGS

Haraway’s subversive refiguring of the cyborg ([1985]1991, 1997) gave impetus to the
appearance in the1990s of so-called “cyborg anthropology” and “cyberfeminism.”20

Both see the human/machine boundary so clearly drawn in humanist ontologies as
increasingly elusive. Cyborg studies now encompass a range of sociomaterial mixings,
many centered on the engineering of information technologies in increasingly inti-
mate relation with the body (Balsamo, 1996; Kirkup et al., 2000; Wolmark, 1999). A
starting premise of these studies, following Haraway (1991: 195) is that bodies are
always already intimately engaged with a range of augmenting artifacts. Increasingly
the project for science and technology scholars is go beyond a simple acknowledge-
ment of natural/artificial embodiment to articulate the specific and multiple configu-
rations of bodily prostheses and their consequences. In this context, Jain (1999)
provides a restorative antidote to any simplistic embrace of the prosthetic, in consid-
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ering the multiple ways in which prostheses are wounding at the same time that they
are enabling. In contrast to the easy promise of bodily augmentation, the fit of bodies
and artifacts is often less seamless and more painful than the trope would suggest. The
point is not, however, to demonize the prosthetic where formerly it was valorized but
rather to recognize the misalignments that inevitably exist within human/machine
syntheses and the labors and endurances required to accommodate them (see also
Viseu, 2005).

One aim of feminist research on the intersections of bodies and technologies is 
to explore possibilities for figuring the body as other than either a medicalized or 
aestheticized object (Halberstam & Livingston, 1995: 1). A first step toward such 
refiguring is through critical interrogation of the ways in which new imaging and
body-altering technologies have been enrolled in amplifying the medical gaze and in
imagining the body as gendered, and raced, in familiar ways. Feminist research on
biomedical imaging technologies, for example, focuses on the rhetorical and material
practices through which figures of the universal body are renewed in the context of
recent “visual human” projects, uncritically translating very specific, actual bodies as
“everyman/woman” (Cartwright, 1997; Prentice, 2005; Waldby, 2000). More popular
appropriations of digital imaging technologies appear in the synthesis of newly gen-
dered and racialized mixings, most notably the use of “morphing” software in the
constitution of science fiction depictions of future life forms. This same technology
has been put to more pedagogical purposes in the case of the hybridized “Sim Eve,”
incisively analyzed by Hammonds (1997) and Haraway (1997).21 Across these cases we
find technologies deployed in the reiteration of a “normal” person/body—even, in the
cases that Hammonds and Haraway discuss, an idealized mixing—against which
others are read as approximations, deviations, and the like. Attention to the norma-
tive and idealized invites as well consideration of the ways in which new technolo-
gies of the artificial might be put to more subversive uses. Kin to Haraway’s cyborg,
the “monstrous” has become a generative figure for writing against the grain of a
deeper entrenchment of normative forms (Hales, 1995; Law, 1991; Lykke & Braidotti,
1996).22 This figure links in turn to long-standing feminist concerns with (orderings
of) difference.

With respect to information technologies more widely, feminist scholars have
pointed out the need for a genealogy that traces and locates now widely accepted
metaphors (e.g., that of “surfing” or the electronic “frontier”) within their very par-
ticular cultural and historical origins.23 The point of doing this is not simply as a matter
of historical accuracy but also because the repetition of these metaphors and their
associated imaginaries have social and material effects, not least in the form of sys-
tematic inclusions and exclusions built in to the narratives that they invoke. The con-
figurations of inclusion/exclusion involved apply with equal force and material effect
to those involved in technology production. As Sara Diamond concisely states, it is
still the case within the so-called high tech and new media industries that “what kind
of work you perform depends, in great part, on how you are configured biologically
and positioned socially” (1997: 84).
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A guiding interest of feminist investigations of the “virtual” is the continued place
of lived experience and associated materialities in what have been too easily charac-
terized as “disembodied” spaces. Recent research moves away from debates over
whether participants in such spaces “leave the body behind,” toward the sometimes
strange, sometimes familiar forms that computer-mediated embodiments take. Femi-
nist research orients, for example, to the multiplicity, and specificity, of computer-
mediated sociality. Through her various studies, Nina Wakeford promotes a
conception of “cyberspace” as “not a coherent global and unitary entity but a series
of performances” (1997: 53). Communications technologies commonly represented as
offering “narrower bandwidths” than face-to-face co-presence, Sandy Stone (1999)
observes, in their use can actually afford new spaces for expanding identity play.24

More generally, these investigations suggest a conceptualization of encounters at the
interface that opens out from the boundaries of the machine narrowly construed, to
the ambient environments and transformative subject/object relations that comprise
the lived experience of technological practice.

SOCIOMATERIAL ASSEMBLAGES

In the closing chapter of Cyberfeminism and Artificial Life, Kember asks, “So how should
feminists contest the material and metaphoric grounds of human and machine iden-
tities, human and machine relations?” (2003: 176). In the remainder of this chapter
I offer some at least preliminary responses to that question, based in recent efforts to
reconfigure agencies at the human-machine interface, both materially and metaphor-
ically, in ways informed by feminist theorizing. The figure of the assemblage helps to
keep associations between humans and nonhumans as our basic unit of analysis.25 The
body of work that is now available to elaborate our understanding of sociomaterial
relations as assemblages is too extensive to be comprehensively reviewed, but a few
indicative examples can serve as illustration.

The surgery, with its growing entanglement of virtual mediations and material
embodiments, has afforded a perspicuous research site. Minimally invasive, or
“keyhole,” surgery, for example, as it has developed over the past few decades, has
involved a series of shifts in the gaze of the surgeon and attendant practitioners from
the interior of the patient’s body—formerly achieved through a correspondingly large
incision—to views mediated first through microscopy and now through digital
cameras and large screen monitors. Aanestad (2003) focuses on the labors of nurses,
traditionally a feminized occupation, responsible for setting up the complex sociotech-
nical environment required for the conduct of “keyhole” surgery. Her analysis follows
the course of shifting interdependencies in the surgical assemblage, as changes to exist-
ing arrangements necessitate further changes in what she names the in situ work of
“design in configuration” (2003: 2). At the same time Prentice (2005) finds that, rather
than being alienated from the patient’s body through these extended mediations, sur-
geons accustomed to performing minimally invasive surgery experience themselves as
proprioceptively shifted more directly and proximally into the operative site, with the
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manipulative instruments serving as fully incorporated extensions of their own acting
body. As Prentice observes of these boundary transformations: “When the patient’s
body is distributed by technology, the surgeon’s body reunites it through the circuit
of his or her own body” (2005: 8; see also Goodwin, in press; Lenoir & Wei, 2002).

Myers (2005) explores the transformation of body boundaries that occurs as mole-
cular biologists incorporate knowledge of protein structures through their engagement
with physical and virtual models. Interactive molecular graphics technologies, she
argues, afford crystallographers the experience of handling and manipulating other-
wise intangible protein structures. The process of learning those structures involves
not simply mentation but a reconfiguration of the scientist’s body, as “protein 
modelers can be understood to ‘dilate’ and extend their bodies into the prosthetic
technologies offered by computer graphics, and ‘interiorize’ the products of their
body-work as embodied models of molecular structure” (in press). The result, she pro-
poses, is a kind of “animate assemblage” of continually shifting and progressively
deepening competency, enabled through the prosthetic conjoining of persons and
things.

A more violent form of human-machine assemblage is evident in Schull’s (2005)
account of the interconnected circuitry of the gaming industry, digital gambling
machine developers, machines, and gamblers in Las Vegas, Nevada. Her ethnography
explores “the intimate connection between extreme states of subjective absorption in
play and design elements that manipulate space and time to accelerate the extraction
of money from players” (2005: 66). Values of productivity and efficiency on the part
of actors in the gaming industry align with players’ own desires to enter into a simul-
taneously intensified and extended state of congress with the machine, enabled
through the progressive trimming of “dead time” from the cycles of play. As in mol-
ecular modeling, physical and digital materials are joined together to effect the result-
ing agencies, in this case in the form of input devices and machine feedback that
minimize the motion required of players, ergonomically designed chairs that main-
tain the circulation of blood and the body’s corresponding comfort despite the lack
of movement, and computationally enabled operating systems that expand and more
tightly manage the gaming possibilities. The aim of developers and players alike is
that the latter should achieve “a dissociated subjective state that gamblers call the
‘zone,’ in which conventional spatial, bodily, monetary, and temporal parameters are
suspended,” as the boundary of player and machine dissolves into a new and com-
pelling union. The point, the compulsive gambler explains, is not to win but to keep
playing.

The crucial move in each of these studies is a shift from a treatment of subjects and
objects as singular and separately constituted to a focus on the kinds of connections
and capacities for action that particular arrangements of persons and things 
afford. The idea of subject/object configurations as an effect of specific practices of
boundary-making and remaking is elaborated by feminist physicist Karen Barad, 
who proposes that stabilized entities are constructed out of specific apparatuses of
sociomaterial “intra-action” (2003). While the construct of interaction presupposes two
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entities, given in advance, that come together and engage in some kind of exchange,
intra-action underscores the sense in which subjects and objects emerge through their
encounters with each other. More specifically, Barad locates technoscientific practices
as critical sites for the emergence of new subjects and objects. Taking physics as a case
in point, her project is to work through long-standing divisions between the virtual
and the real, while simultaneously coming to grips with the ways in which material-
ities, as she puts it, “kick back” in response to our intra-actions with them (1998: 112).
Through her readings of Niels Bohr, Barad insists that “object” and “agencies of 
observation” form a nondualistic whole: it is that relational entity that comprises the
objective “phenomenon” (1996: 170). Different “apparatuses of observation” enable
different, always temporary, subject/object cuts that in turn enable measurement or
other forms of objectification, distinction, manipulation and the like within the phe-
nomenon. The relation is “ontologically primitive” (2003: 815), in other words, or
prior to its components; the latter come about only through the “cut” effected through
a particular apparatus of observation. Acknowledging the work of boundary making,
as a necessary but at least potentially reconfigurable aspect of reality construction, sug-
gests a form of accountability based not in control but in ongoing engagement.

SITES OF ENGAGEMENT

Among the various contemporary approaches to the study of science and technology
within the social sciences, feminist research practices are marked by the joining of 
rigorous critique with a commitment to transformative intervention. However 
compelling the critique, intervention presupposes forms of engagement, both exten-
sive and intensive, that involve their own, often contradictory positionings. In par-
ticular, the disciplines and projects that currently dominate professional sites of
technology production are narrowly circumscribed, and the expected form of engage-
ment is that of service to established agendas. Reflecting upon this dilemma in an
essay titled “Ethics and Politics of Studying Up” (1999[2001]), Forsythe poses the ques-
tion of how we should practice an anthropology within, and of, powerful institutions
that is at once critical and respectful. Respectful critique, she argues, is particularly
problematic when ours are dissenting voices, in settings where anthropological affili-
ations grant us marginality as much as privilege. In response to this essay, I have sug-
gested that recent reconceptualizations of ethnographic practice, from distanced
description to an engagement in multiple, partial, unfolding, and differentially pow-
erful narratives can help recast the anthropologist’s dilemma (Suchman, 1999a). This
recasting involves a view of critique not as ridicule but as a questioning of basic
assumptions, and of practice not as disinterested but as deeply implicated. At the same
time, I would maintain that respectful critique requires the associated incorporation
of critical reflection as an indigenous aspect of the professional practices in question
(see Agre, 1997).

In Cyberfeminism and Artificial Life (2003), Kember examines the relations between
two broad arenas of scholarship and technology building at the intersection of femi-
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nism and the sciences of the artificial, which she identifies as cyberfeminism and ALife
respectively.26 Kember is concerned that those whom she identifies as cyberfeminists
have maintained a distanced, outsider’s relation to developments in ALife. Insofar as
the view has remained that of the outsider, she argues, it has remained an exclusively
critical one. Rather than exemplifying a generative reworking of the boundaries of
nature and culture, ALife appears to the feminist critic to reinscribe the most conser-
vative versions of biological thinking (2003: viii). In contrast, seen from within,
Kember proposes that just as feminism is internally heterogeneous and contested, so
are discourses of ALife. The conditions for dialogue are provided by these endogenous
debates, in her view, as long as the outcome imagined is not resolution but risk—a
risk that she urges cyberfeminists to take. This raises the question of whether, or to
what extent, a critical exchange must—at least if it is to be an exchange—involve a
reciprocity of risk. If so, is it really, or at least exclusively, feminism that has failed to
take risks across these disciplinary boundaries?27

Haraway proposes that it is a concern with the possibilities for “materialized refig-
uration” that animates the interests of feminist researchers in science and technology
(1997: 23). Figuration recognizes the intimate connections of available cultural imag-
inaries with the possibilities materialized in technologies. The contemporary techno-
science projects considered here involve particular ways of figuring together, or
configuring, humans and machines. It follows that one form of intervention is through
a critical consideration of how humans and machines are figured in those practices
and how they might be figured and configured differently. The most common forms
of engagement are interdisciplinary initiatives aimed at reconfiguring relations of
design and use (Balsamo, in press; Greenbaum & Kyng, 1991; Ooudshorn & Pinch,
2003; Lyman & Wakeford, 1999; Star, 1995b; Suchman, [1994]1999b, 2002a,b).28

While these developments bring researchers onto politically charged and variously
compromised terrain, they open as well new spaces for theoretical and political action.

My aim in this chapter has been to draw out a sense of the critical exchange emerg-
ing in feminist-inspired STS encounters with new digital technologies and the plethora
of configurations that they have materialized. This exchange involves a spectrum of
engagements, from questions regarding received assumptions to dialogic interventions
and more directly experimental alternatives. Theoretically, this body of research
explores the rewriting of old boundaries of human and nonhuman. Politically and
practically, it has implications for how we conceptualize and configure practices of
information technology design and use and the relations between them. I take an
identifying commitment of feminist research to be a deeper appreciation of the spe-
cific relationalities of the sociomaterial world, combined with forms of constructive
engagement aimed at more just distributions of symbolic and economic reward. The
moves that Haraway encourages, toward recognition of the material consequences of
the figural and the figural grounds of the material, and toward a different kind of posi-
tioning for the researcher/observer, mark the spirit of feminist STS. This effort engages
with the broader aim of understanding science as culture,29 as a way of shifting 
the frame of analysis—our own as well as that of our research subjects—from the 
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discovery of universal laws to the ongoing elaboration and potential transformation
of culturally and historically specific practices to which we are all implicated, rather
than innocently modest, witnesses.

Notes

My thanks to the editors of the Handbook and its reviewers, in particular Toni Robertson for her close
and critical reading of early versions of this chapter.

1. Adopted from Simon, 1969. I return to a consideration of Simon’s use of this phrase below. For useful
overviews of feminist STS more broadly, see Creager et al., 2001; Harding, 1998; Keller, 1995, 1999;
Mayberry et al., 2001; McNeil, 1987; McNeil and Franklin, 1991. For introductions and anthologies on
gender and technology, see Balka & Smith, 2000; Grint & Gill, 1995; Terry & Calvert, 1997; Wajcman,
1991, 1995, 2004; and for indicative case studies, see Balsamo, 1996; Cockburn, 1988, 1991; Cockburn
& Ormrod, 1993; Cowan, 1983; Martin, 1991.

2. Related areas of contemporary scholarship that are not encompassed in this chapter include artifi-
cial life, computer-mediated communication, cultural and media studies (particularly close and critical
readings of science fiction and related popular cultural genre), and feminist critiques of reproductive
and biotechnologies. My decision to focus the chapter more narrowly is a (regrettably) pragmatic one
and a sign not of the unimportance of these areas but, on the contrary, of the impossibility of doing
them justice in the space available. At the same time, I do attempt to cite some indicative points of
interchange and to emphasize the interrelatedness of concerns. For critical discussions of projects in
artificial life informed by feminist theory, see Adam 1998: chapter 5; Helmreich, 1998; Kember, 2003.
For feminist writings in the area of computer-mediated communication and new media, see Cherny,
1996; Robertson, 2002; Star, 1995a; and on reproductive and biotechnologies, see Casper, 1998; Clarke,
1998; Davis-Floyd & Dumit, 1998; Franklin & McKinnon, 2001; Franklin & Ragone, 1998; Fujimura,
2005; Hayden, 2003; M’Charek, 2005; Strathern, 1992; Thompson, 2005.

3. I embrace here the suggestion of Ahmed et al. that “if feminism is to be/become a transformative
politics, then it might need to refuse to (re)present itself as programmatic” (2000: 12).

4. For some exemplary texts, see Ahmed, 1998; Ahmed et al., 2000; Berg & Mol, 1998; Braidotti, 1994,
2002; Castañeda, 2002; Gupta & Ferguson, 1992; Law 1991; Mol, 2002; Strathern, 1999; Verran 2001.

5. See, for example, Franklin, 2003; Franklin et al., 2000; Haraway, 1991, 1997. Haraway’s early writ-
ings employed the conjunctive “/” to join nature and culture together, but she subsequently erased this
residual trace of dualism; see Haraway, 2000: 105.

6. For the definitive articulation of a performative approach to normativity and transgression, see
Butler, 1993. See also the call of Ashmore et al. for “a rejection of a resolution of the question of rela-
tions between human and nonhuman, particularly with respect to agency, through recourse to ‘essen-
tialist ontological arguments’ ” (1994: 1). On the centrality of categorization practices in scientific
practice and everyday action, see also Lynch, 1993; Bowker & Star, 1999.

7. This invisibility turns on the erasure of bodies, as either knowing subjects or the objects of women’s
labor. Historically, as Adam points out:

Women’s lives and experiences are to do with bodies, the bearing and raising of children, the looking
after of bodies, the young, old and sick, as well as men’s bodies in their own, and others’ homes, and
in the workplace. (1998: 134)

I return to the question of embodiment below, but note here Adam’s point that it is this practical care
of the body, in sum, that enables the “transcendence” of the mind.
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8. For another early engagement, see Star 1989b.

9. Unfortunately, Adam reiterates a prevalent misreading of my argument in Plans and Situated Actions
(1987), stating that I propose that people do not make plans but rather act in ways that are situated
and contingent (Adam, 1998: 56–57). See my attempts to remedy this misunderstanding in favor of a
view of planning as itself a (specific) form of situated activity (Suchman, 1993, 2007) as well as the
intervention represented in Suchman and Trigg (1993) regarding AI’s own situated and contingent prac-
tices. More egregiously, Adam attributes to me the position that “members of a culture have agreed,
known-in-common, social conventions or behavioral norms and that these shape agreement on the
appropriate relation between actions and situations” (Adam, 1998: 65). Read in context (Suchman,
1987: 63), this is instead a characterization that I offer of the position against which ethnomethodol-
ogy is framed, proposing that rather than pregiven and stable in the way that it is assumed to be in
structural functionalist sociology, “shared knowledge” is a contingent achievement of practical action
and interaction. Note that this latter view has profound implications for the premises of the Cyc project
as well.

10. Once again, this is not to suggest that Collins himself is engaged in feminist scholarship, but simply
that his work provides some invaluable resources for others so engaged. Adam observes that, across his
own writings, Collins, like the AI practitioners he critiques, presumes a universal reader-like-himself,
positing things that “everyone knows” without locating that knowing subject more specifically (Adam,
1998: 65). This is consistent, she points out, with the tradition of the unmarked subject prevalent in
Western moral philosophy; an implied knower who, as feminist epistemologists have argued, is only
actually interchangeable with others within the confines of a quite particular and narrow membership
group. Feminist epistemology, in contrast, is concerned with the specificity of the knowing subject, the
‘S’ in propositional logic’s ‘S knows that p.’ “Yet,” Adam observes, “asking ‘Who is S?’ is not considered
a proper concern for traditional epistemologists” (1998: 77).

11. See also Dreyfus, [1979]1992.

12. The dream of machines as the new servant class comprises a translation from the robot visions of
the industrial age to that of the service economy. This vision is clearly presented in innumerable invo-
cations of the future of human-computer interactions, perhaps most notably by Brooks, 2002. For
further critical discussions, see Berg, 1999; Crutzen, 2005; Gonzalez, (1995)1999; Markussen, 1995;
Turkle, 1995: 45; Suchman, 2003, 2007: chapter 12.

13. See also Balsamo, 1996; Adam, 1998; Gatens, 1996; Grosz, 1994; Helmreich, 1998; Kember, 2003.
For useful anthologies of writings on feminist theories of the body, see Price & Shildrick, 1999;
Schiebinger, 2000.

14. For anthropological writings that made some contribution to this shift, see Suchman, 1987; Lave,
1988. For accounts from within the cognitive sciences, see also Hutchins, 1995; Agre, 1997; for
overviews, see Clark, 1997, 2001, 2003; Dourish, 2001.

15. For formulations of Brooks’s position written for a general reader, see Brooks, 1999, 2002. For a
more extended consideration of the tropes of embodiment, sociality, and emotion in situated robotics,
including an account of how a concern with the “situated” might have made its way into the MIT AI
lab, see Suchman, 2007: chapter 14.

16. Kember takes as her primary exemplar roboticist Steve Grand. For a critique of Grand’s latest project
in situated robotics, named “Lucy the Robot Orangutan” (Grand 2003), read through the lens of
Haraway’s history of primatology and the “almost human,” see Castañeda & Suchman, in press.

17. See, for example, Breazeal, 2002; Cassell et al., 2000; Picard, 1997. See also Castañeda, 2001; Wilson,
2002.

18. For an examination of the mystifications involved with these modes of representation, see
Suchman, 2007: chapter 14.
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19. Her argument here is resonant with that of Castañeda (2001).

20. See, for example, Downey & Dumit, 1997; Fischer, 1999; Hawthorne & Klein, 1999; Kember, 2003.

21. On figurings of race in online venues, see Nakamura, 2002.

22. Along with its generative connotations, the “monster,” like the “cyborg,” can become too easy and
broad, even romanticized, a trope. Both are in need of careful analysis and specification with respect
to their historical origins, their contemporary manifestations, and the range of lived experiences that
they imply.

23. See, for example, Miller, 1995. Miller’s focus is on the “frontier” metaphor as it invokes the need
for “protection” of women and children. Who, she asks, are the absent others from whom the danger
comes? The further implication, of course, is of an expansion of ownership over territories constructed
as “empty” in ways that erase those “others” who have long inhabited them, albeit in different (and
for those invested in the frontier), unrecognizable ways. For widely cited discussions of women’s pres-
ence online, particularly in the ongoing productions, constructions, and engagements of the World
Wide Web and the Internet more broadly, see Wakeford, 1997; Spender, 1996.

24. This is, of course, Sherry Turkle’s position as well. See Turkle, 1995.

25. The trope of the “assemblage” has been developed within science studies to reference a bringing
together of things, both material and semiotic, into configurations that are more and less durable but
always contingent on their ongoing enactment as a unity. See Law, 2004: 41–42.

26. Both of these terms are defined broadly by Kember: cyberfeminism affords a general label for 
feminist research and scholarship concerned with information and communications technologies, 
artificial life or any research in artificial intelligence or robotics that, in rejecting the tenets of “good 
old-fashioned AI” (GOFAI), comprises what roboticist Rodney Brooks terms the “nouvelle AI” (2002:
viii). This is in contrast to more circumscribed uses of the term cyberfeminism on the one hand, to ref-
erence in particular the enthusiastic hopes for networked, digital technologies; or of ALife, on the other
hand, to identify the particular lines of computationalism involving the simulation of biological
systems in software.

27. The risk, moreover, may not only be that of a challenge to one’s deeply held beliefs. An even more
dangerous possibility may be that of appropriation of one’s position in the service of another, which
is further entrenched, rather than reworked, in the process.

28. I have suggested ([1994]1999b, 2002a,b) that responsible design might be understood as a form of
“located accountability,” that would stand in contrast to existing practices of “design from nowhere.”
Adam (1998) unfortunately translates the latter phrase into the problem that “no one is willing to hold
ultimate responsibility for the design of the system, as it is difficult to identify the designer as one
single clearly identifiable individual” (1998: 79). My argument is that, insofar as no one designer does
have ultimate responsibility for the design of a system or control over its effects, accountable design
cannot depend on any simple idea of individual responsibility. Rather, located accountability with
respect to design must mean a continuing awareness of, and engagement in, the dilemmas and debates
that technological systems inevitably generate.

29. See Pickering, 1992; Franklin, 1995; Helmreich, 1998; Reid & Traweek, 2000.

References

Aanestad, Margun (2003) “The Camera as an Actor: Design-in-Use of Telemedicine Infrastructure in
Surgery,” Computer-Supported Cooperative Work (CSCW) 12: 1–20.

Adam, Alison (1998) Artificial Knowing: Gender and the Thinking Machine (New York: Routledge).

156 Lucy Suchman



Agre, Philip (1997) Computation and Human Experience (New York: Cambridge University Press).

Ahmed, Sara (1998) Differences That Matter: Feminist Theory and Postmodernism (Cambridge: Cambridge
University Press).

Ahmed, Sara, Jane Kilby, Celia Lury, Maureen McNeil, & Beverly Skeggs (2000) Transformations: Think-
ing Through Feminism (London and New York: Routledge).

Ashmore, Malcolm, Robin Wooffitt, & Stella Harding (1994) “Humans and Others, Agents and Things,”
American Behavioral Scientist 37(6): 733–40.

Balka, Ellen & Richard Smith (eds) (2000) Women, Work and Computerization: Charting a Course to the
Future (Boston: Kluwer Academic).

Balsamo, Anne (1996) Technologies of the Gendered Body: Reading Cyborg Women (Durham, NC: Duke 
University Press).

Balsamo, Anne (in press) Designing Culture: A Work of the Technological Imagination (Durham, NC: Duke
University Press).

Barad, Karen (1996) “Meeting the Universe Halfway: Realism and Social Constructivism Without 
Contradiction,” in L. H. Nelson & J. Nelson (eds), Feminism, Science, and the Philosophy of Science
(Norwell, MA: Kluwer): 161–94.

Barad, Karen (1998) “Getting Real: Technoscientific Practices and the Materialization of Reality,” 
differences: A Journal of Feminist Cultural Studies 10: 88–128.

Barad, Karen (2003) “Posthumanist Performativity: Toward an Understanding of How Matter Comes to
Matter,” Signs: Journal of Women in Culture and Society 28: 801–31.

Berg, Anne Jorunn (1999) “A Gendered Socio-technical Construction: The Smart House,” in D. 
Mackenzie & J. Wajcman (eds), The Social Shaping of Technology (Buckingham and Philadelphia: Open
University Press): 301–13.

Berg, Marc & Annemarie Mol (eds) (1998) Differences in Medicine: Unraveling Practices, Techniques, and
Bodies (Durham, NC: Duke University Press).

Blomberg, Jeanette, Lucy Suchman, & Randall Trigg (1996) “Reflections on a Work-Oriented Design
Project,” Human-Computer Interaction 11: 237–65.

Bowker, Geoffrey (1993) “How to Be Universal: Some Cybernetic Strategies, 1943–1970,” Social Studies
of Science 23: 107–27.

Bowker, Geoffrey & Susan Leigh Star (1999) Sorting Things out: Classification and Its Consequences
(Cambridge, MA: MIT Press).

Braidotti, Rosi (1994) Nomadic Subjects: Embodiment and Sexual Differences in Contemporary Feminist
Theory (New York: Columbia University Press).

Braidotti, Rosi (2002) Metamorphoses: Towards a Materialist Theory of Becoming (Cambridge: Blackwell).

Breazeal, Cynthia (2002) Designing Sociable Robots (Cambridge, MA: MIT Press).

Brooks, Rodney (1999) Cambrian Intelligence: The Early History of the New AI (Cambridge, MA: MIT Press).

Brooks, Rodney (2002) Flesh and Machines: How Robots Will Change Us (New York: Pantheon Books).

Butler, Judith (1993) Bodies That Matter: On the Discursive Limits of “Sex” (New York: Routledge).

Cartwright, Lisa (1997) “The Visible Man: The Male Criminal Subject as Biomedical Norm,” in J. Terry
& M. Calvert (eds), Processed Lives: Gender and Technology in Everyday Life (London and New York: 
Routledge): 123–37.

Feminist STS and the Sciences of the Artificial 157



Casper, Monica (1998) The Making of the Unborn Patient: A Social Anatomy of Fetal Surgery (New
Brunswick, NJ: Rutgers University Press).

Cassell, Justine, Joseph Sullivan, Scott Prevost, & Elizabeth Churchill (2000) Embodied Conversational
Agents (Cambridge, MA: MIT Press).

Castañeda, Claudia (2001) “Robotic Skin: The Future of Touch?” in S. Ahmed & J. Stacey (eds), Think-
ing Through the Skin (London: Routledge): 223–36.

Castañeda, Claudia (2002) Figurations: Child, Bodies, Worlds (Durham, NC: Duke University Press).

Castañeda, Claudia & Lucy Suchman (in press) “Robot Visions,” in Sharon Ghamari-Tabrizi (ed), Think-
ing with Haraway.

Chasin, Alexandra (1995) “Class and Its Close Relations: Identities Among Women, Servants, and
Machines,” in J. Halberstram & I. Livingston (eds), Posthuman Bodies (Bloomington: Indiana University
Press): 73–96.

Cherny, Lynn & Elizabeth Reba Weise (eds) (1996) Wired Women: Gender and New Realities in Cyberspace
(Seattle, WA: Seal Press).

Clark, Andy (1997) Being There: Putting Brain, Body, and World Together Again (Cambridge, MA: MIT Press).

Clark, Andy (2001) Mindware: An Introduction to the Philosophy of Cognitive Science (New York: Oxford
University Press).

Clark, Andy (2003) Natural-born Cyborgs: Minds, Technologies, and the Future of Human Intelligence (Oxford
and New York: Oxford University Press).

Clarke, Adele (1998) Disciplining Reproduction: Modernity, American Life Sciences, and “the Problems of Sex”
(Berkeley: University of California Press).

Cockburn, Cynthia (1988) Machinery of Dominance: Women, Men, and Technical Know-how (Boston:
Northeastern University Press).

Cockburn, Cynthia (1991) Brothers: Male Dominance and Technological Change (London: Pluto Press).

Cockburn, Cynthia & Susan Ormrod (1993) Gender and Technology in the Making (London: Sage).

Collins, H. M. (1985) Changing Order: Replication and Induction in Scientific Practice (London and Beverly
Hills, CA: Sage).

Collins, H. M. (1990) Artificial Experts: Social Knowledge and Intelligent Machines (Cambridge, MA: MIT
Press).

Collins, H. M. (1995) “Science Studies and Machine Intelligence,” in S. Jasanoff, G. Markle, J. Petersen,
& T. Pinch (eds), Handbook of Science and Technology Studies (London: Sage): 286–301.

Cowan, Ruth Schwartz (1983) More Work for Mother: The Ironies of Household Technology from the Open
Hearth to the Microwave (New York: Basic Books).

Creager, Angela, Elizabeth Lunbeck, & Londa Schiebinger (eds) (2001) Feminism in Twentieth Century
Science, Technology, and Medicine (Chicago: University of Chicago Press).

Crutzen, Cecile (2005) “Intelligent Ambience Between Heaven and Hell: A Salvation?” Information, Com-
munication Ethics and Society (ICES) 3(4): 219–232.

Davis-Floyd, Robbie & Joe Dumit (eds) (1998) Cyborg Babies: From Techno-Sex to Techno-Tots (New York
and London: Routledge).

Diamond, Sara (1997) “Taylor’s Way: Women, Cultures and Technology” in J. Terry & M. Calvert (eds),
Processed Lives: Gender and Technology in Everyday Life (London and New York: Routledge): 81–92.

158 Lucy Suchman



Dourish, Paul (2001) Where the Action Is: The Foundations of Embodied Interaction (Cambridge, MA: MIT
Press).

Downey, Gary & Joe Dumit (eds) (1997) Cyborgs and Citadels: Anthropological Interventions in Emerging
Sciences and Technologies (Santa Fe, NM: School of American Research).

Dreyfus, Hubert ([1979]1992) What Computers Still Can’t Do: A Critique of Artificial Reason (Cambridge,
MA: MIT Press).

Edwards, Paul (1996) The Closed World: Computers and the Politics of Discourse in Cold War America (Cam-
bridge, MA: MIT Press).

Fischer, Michael (1999) “Worlding Cyberspace: Toward a Critical Ethnography in Time, Space, and
Theory,” in G. Marcus (ed), Critical Anthropology Now (Santa Fe, NM: School of American Research):
245–304.

Forsythe, Diana (1993a) “Engineering Knowledge: The Construction of Knowledge in Artificial Intelli-
gence,” Social Studies of Science 23: 445–77.

Forsythe, Diana (1993b) “The Construction of Work in Artificial Intelligence,” Science, Technology &
Human Values 18: 460–79.

Forsythe, Diana (2001) Studying Those Who Study Us: An Anthropologist in the World of Artificial Intelli-
gence (Stanford, CA.: Stanford University Press).

Franklin, Sarah (1995) “Science as Culture, Cultures of Science,” Annual Reviews of Anthropology 24:
163–84.

Franklin, Sarah (2000) “Life Itself: Global Nature and the Genetic Imaginary,” in S. Franklin, C. Lury,
& J. Stacey, Global Nature, Global Culture (London: Sage): 188–227.

Franklin, Sarah (2003) “Re-Thinking Nature-Culture: Anthropology and the New Genetics,” Anthropo-
logical Theory 3: 65–85.

Franklin, Sarah & Helen Ragoné (1998) Reproducing Reproduction: Kinship, Power, and Technological Inno-
vation (Philadelphia: University of Pennsylvania Press).

Franklin, Sarah, Celia Lury, & Jackie Stacey (2000) Global Nature, Global Culture (London: Sage).

Franklin, Sarah, & Susan McKinnon (eds) (2001) Relative Values: Reconfiguring Kinship Studies (Durham,
NC: Duke University Press).

Fujimura, Joan (2005) “Postgenomic Futures: Translations Across the Machine-Nature Border in Systems
Biology,” New Genetics & Society 24: 195–225.

Fujimura, Joan & Michael Fortun (1996) “Constructing Knowledge Across Social Worlds: The Case of
DNA Sequence Databases in Molecular Biology,” in L. Nader (ed), Naked Science: Anthropological Inquiries
into Boundaries, Power, and Knowledge (London: Routledge): 160–73.

Gatens, Moira (1996) Imaginary Bodies: Ethics, Power and Corporeality (London: Routledge).

Gonzalez, Jennifer ([1995]1999) “Envisioning Cyborg Bodies: Notes from Current Research,” in G.
Kirkup, L. Janes, & K. Woodward (eds), The Gendered Cyborg (New York and London: Routledge): 58–73.

Goodwin, Dawn (in press) Agency, Participation, and Legitimation: Acting in Anaesthesia. (New York: 
Cambridge University Press).

Grand, Steve (2004) Growing Up With Lucy: How to Build an Android in Twenty Easy Steps (London: 
Weidenfeld & Nicolson).

Greenbaum, Joan & Morten Kyng (eds) (1991) Design at Work: Cooperative Design of Computer Systems
(Hillsdale, NJ: Erlbaum Associates).

Feminist STS and the Sciences of the Artificial 159



Grint, Keith & Rosalind Gill (eds) (1995) The Gender-Technology Relation: Contemporary Theory and
Research (London: Taylor & Francis).

Grosz, Elizabeth (1994) Volatile Bodies: Toward a Corporeal Feminism (Bloomington: Indiana University
Press).

Gupta, Akhil & James Ferguson (1992) “Beyond ‘Culture’: Space, Identity, and the Politics of Differ-
ence,” Cultural Anthropology 7: 6–23.

Halberstam, Judith & Ira Livingston (eds) (1995) Posthuman Bodies (Bloomington and Indianapolis:
Indiana University Press).

Hales, Mike (1995) “Information Systems Strategy: A Cultural Borderland, Some Monstrous Behaviour,”
in S. L. Star (ed), Cultures of Computing (Oxford: Blackwell): 103–17.

Hammonds, Evelynn (1997) “New Technologies of Race,” in J. Terry & M. Calvert (eds), Processed Lives:
Gender and Technology in Everyday Life (London and New York: Routledge): 107–21.

Haraway, Donna ([1985]1991) “Manifesto for Cyborgs: Science, Technology and Socialist Feminism in
the 1980s,” Socialist Review 80: 65–108. Reprinted (1991) in Simians, Cyborgs, and Women: The Reinven-
tion of Nature (New York: Routledge).

Haraway, Donna (1991) Simians, Cyborgs, and Women: The Reinvention of Nature (New York: Routledge).

Haraway, Donna (1997) Modest Witness@Second_Millenium.FemaleMan_Meets_OncoMouse: Feminism and
Technoscience (New York: Routledge).

Haraway, Donna (2000) How Like a Leaf: An Interview with Thyrza Nichols Goodeve (New York: Routledge).

Harding, Sandra (1998) Is Science Multicultural? Postcolonialisms, Feminisms, and Epistemologies
(Bloomington: Indiana University Press).

Hawthorne, Susan & Renate Klein (1999) Cyberfeminism, Connectivity, Critique and Creativity (North 
Melbourne: Spinifex Press).

Hayden, Cori (2003) When Nature Goes Public: The Making and Unmaking of Bioprospecting in Mexico
(Princeton, NJ: Princeton University Press).

Hayles, N. Katherine (1999) How We Became Posthuman: Virtual Bodies in Cybernetics, Literature, and 
Informatics (Chicago: University of Chicago Press).

Helmreich, Stefan (1998) Silicon Second Nature: Culturing Artificial Life in a Digital World (Berkeley: 
University of California Press).

Hutchins, Edwin (1995) Cognition in the Wild (Cambridge, MA: MIT Press).

Jain, Sarah (1999) “The Prosthetic Imagination: Enabling and Disabling the Prosthesis Trope” Science,
Technology & Human Values 24: 31–53.

Keller, Evelyn Fox (1995) “The Origin, History, and Politics of the Subject Called ‘Gender and Science’:
A First Person Account,” in S. Jasanoff, G. Markle, J. Petersen, & T. Pinch (eds), Handbook of Science and
Technology Studies (London: Sage): 80–94.

Keller, Evelyn Fox (1999) “The Gender/Science System: Or Is Sex to Gender as Nature Is to Science?”
in M. Biagioli (ed), The Science Studies Reader (New York and London: Routledge): 234–42.

Kember, Sarah (2003) Cyberfeminism and Artificial Life (London and New York: Routledge).

Kirkup, Gill, Linda Janes, Kath Woodward, & Fiona Hovenden (eds) (2000) The Gendered Cyborg: A Reader
(London: Routledge).

Lave, Jean (1988) Cognition in Practice: Mind, Mathematics, and Culture in Everyday Life (Cambridge and
New York: Cambridge University Press).

160 Lucy Suchman



Law, John (1991) A Sociology of Monsters: Essays on Power, Technology, and Domination (London and New
York: Routledge).

Law, John (2004) After Method: Mess in Social Science Research (London and New York: Routledge).

Lenat, Douglas B. & R. V. Guha (1989) Building Large Knowledge-based Systems: Representation and Infer-
ence in the Cyc Project (Reading, MA: Addison-Wesley).

Lenoir, Tim & Sha Xin Wei (2002) “Authorship and Surgery: The Shifting Ontology of the Virtual
Surgeon,” in B. Clarke & L. D. Henderson (eds), From Energy to Information: Representation in Science and
Technology, Art, and Literature (Stanford, CA: Stanford University Press): 283–308.

Lykke, Nina & Rosi Braidotti (eds) (1996) Between Monsters, Goddesses and Cyborgs: Feminist Confronta-
tions with Science, Medicine and Cyberspace (London: Zed Books).

Lyman, Peter & Nina Wakeford (eds) (1999) “Analyzing Virtual Societies: New Directions in Method-
ology,” American Behavioral Scientist 43: 3.

Lynch, Michael (1993) Scientific Practice and Ordinary Action: Ethnomethodology and Social Studies of Science
(Cambridge and New York: Cambridge University Press).

Markussen, Randi (1995) “Constructing Easiness: Historical Perspectives on Work, Computerization,
and Women,” in S. L. Star (ed), Cultures of Computing (Oxford: Blackwell): 158–80.

Martin, Michelle (1991) ‘Hello, Central?’ Gender, Technology and Culture in the Formation of Telephone
Systems (Kingston, Ont.: Queen’s University Press).

Maturana, Humberto & Francisco Varela (1980) Autopoiesis and Cognition: The Realization of the Living
(Dordrecht, Netherlands, and Boston: D. Reidel).

Mayberry, Maralee, Banu Subramaniam, & Lisa Weasel (eds) (2001) Feminist Science Studies: A New 
Generation (New York and London: Routledge).

M’charek, Amade (2005) The Human Genome Diversity Project: An Ethnography of Scientific Practice. 
(Cambridge and New York: Cambridge University Press).

McNeil, Maureen (ed) (1987) Gender and Expertise (London: Free Association Books).

McNeil, Maureen & Sarah Franklin (1991) “Science and Technology: Questions for Cultural Studies and
Feminism,” In S. Franklin, C. Lury, & J. Stacey (eds), Off-Centre: Feminism and Cultural Studies (London:
Harper Collins Academic): 129–46.

Miller, Laura (1995) “Women and Children First: Gender and the Settling of the Electronic Frontier,”
in J. Brook & I. A. Boal (eds), Resisting the Virtual Life: The Culture and Politics of Information (San 
Francisco: City Lights): 49–57.

Mol, Annemarie (2002) The Body Multiple: Ontology in Medical Practice (Durham, NC: Duke University
Press).

Myers, Natasha (2005) “Molecular Embodiments and the Body-Work of Modeling in Protein Crystal-
lography,” Social Studies of Science 35(6): 837–66.

Nakamura, Lisa (2002) Cybertypes: Race, Ethnicity and Identity on the Internet (New York and London:
Routledge).

Newell, Allen (1990) Unified Theories of Cognition (Cambridge, MA: Harvard University Press).

Newell, Allen & Herbert Simon (1972) Human Problem Solving (Englewood Cliffs, NJ: Prentice Hall).

Picard, Rosalind (1997) Affective Computing (Cambridge, MA: MIT Press).

Pickering, Andrew (1992) Science as Practice and Culture (Chicago and London: University of Chicago
Press).

Feminist STS and the Sciences of the Artificial 161



Prentice, Rachel (2005) “The Anatomy of a Surgical Simulation: The Mutual Articulation of Bodies in
and Through the Machine,” Social Studies of Science 35: 837–66.

Price, Janet & Margrit Shildrick (eds) (1999) Feminist Theory and the Body: A Reader (Edinburgh: Edin-
burgh University Press).

Reid, Roddey & Sharon Traweek (2000) Doing Science + Culture: How Cultural and Interdisciplinary Studies
Are Changing the Way We Look at Science and Medicine (New York: Routledge).

Robertson, Toni (2002) “The Public Availability of Actions and Artifacts,” Computer-Supported Coopera-
tive Work (CSCW) 11: 299–316.

Schiebinger, Londa (ed) (2000) Feminism and the Body (Oxford: Oxford University Press).

Schull, Natasha (2005) “Digital Gambling: The Coincidence of Desire and Design,” Annals of the 
American Academy of Political and Social Science 597: 65–81.

Sengers, Phoebe (in press) “The Autonomous Agency of STS: Boundary Crossings Between STS and 
Artificial Intelligence,” Social Studies of Science.

Simon, Herbert (1969) The Sciences of the Artificial (Cambridge, MA: MIT Press).

Spender, Dale (1996) Nattering on the Net: Women, Power and Cyberspace (Toronto: Garamond Press).

Star, Susan Leigh (1989a) “Layered Space, Formal Representations and Long Distance Control: The 
Politics of Information,” Fundamenta Scientiae 10: 125–55.

Star, Susan Leigh (1989b) “The Structure of Ill-structured Solutions: Boundary Objects and Heteroge-
neous Distributed Problem-solving,” in L. Gasser & M. Huhns (eds), Readings in Distributed Artificial
Intelligence 2 (Menlo Park, CA: Morgan Kaufmann): 37–54.

Star, Susan Leigh (ed) (1995a) The Cultures of Computing (Oxford and Cambridge, MA: Blackwell).

Star, Susan Leigh (ed) (1995b) Ecologies of Knowledge: Work and Politics in Science and Technology (Albany:
State University of New York Press).

Stone, Allucquere Rosanne (1999) “Will the Real Body Please Stand Up? Boundary Stories About Virtual
Cultures,” in J. Wolmark (ed), Cybersexualities (Edinburgh: Edinburgh University Press): 69–98.

Strathern, Marilyn (1992) Reproducing the Future: Essays on Anthropology, Kinship and the New Reproduc-
tive Technologies (Manchester: Manchester University).

Strathern, Marilyn (1999) Property, Substance, and Effect: Anthropological Essays on Persons and Things
(London and New Brunswick, NJ: Athlone Press).

Suchman, Lucy (1987) Plans and Situated Actions: The Problem of Human-Machine Communication (New
York: Cambridge University Press).

Suchman, Lucy (1993) “Response to Vera and Simon’s ‘Situated Action: A Symbolic Interpretation’,”
Cognitive Science 17: 71–75.

Suchman, Lucy (1999a) “Critical Practices,” Anthropology of Work Review 20: 12–14.

Suchman, Lucy ([1994]1999b) “Working Relations of Technology Production and Use,” in 
D. Mackenzie & J. Wajcman (eds), The Social Shaping of Technology, 2nd ed (Buckingham, U.K., and
Philadelphia: Open University Press): 258–68.

Suchman, Lucy (2002a) “Located Accountabilities in Technology Production,” Scandinavian Journal of
Information Systems 14: 91–105.

Suchman, Lucy (2002b) “Practice-based Design of Information Systems: Notes from the Hyperdevel-
oped World,” Information Society 18: 139–44.

162 Lucy Suchman



Suchman, Lucy (2003) “Figuring Service in Discourses of ICT: The Case of Software Agents,” in Eleanor
Wynn, Edgar Whitley, Michael Myers, & Janice DeGross (eds), Global and Organizational Discourses About
Information Technology (Boston: Kluwer Academic, copyright International Federation for Information
Processing): 15–32.

Suchman, Lucy (2007) Human-Machine Reconfigurations: Plans and Situated Actions, 2nd ed. (New York:
Cambridge University Press).

Suchman, Lucy & Randall Trigg (1993) “Artificial Intelligence as Craftwork,” in S. Chaiklin & J. Lave
(eds), Understanding Practice: Perspectives on Activity and Context (New York: Cambridge University Press):
144–78.

Terry, Jennifer & Melodie Calvert (eds) (1997) Processed Lives: Gender and Technology in Everyday Life
(London and New York: Routledge).

Thompson, Charis (2005) Making Parents: The Ontological Choreography of Reproductive Technologies
(Cambridge, MA: MIT Press).

Turkle, Sherry (1995) Life on the Screen: Identity in the Age of the Internet (New York and Toronto: Simon
& Schuster).

Verran, Helen (2001) Science and an African Logic (Chicago: University of Chicago Press).

Viseu, Ana (2005) Augmented Bodies: The Visions and Realities of Wearable Computers, unpublished Ph.D.
dissertation, University of Toronto.

Wajcman, Judy (1991) Feminism Confronts Technology (University Park: Pennsylvania State University
Press).

Wajcman, Judy (1995) “Feminist Theories of Technology,” in S. Jasanoff, G. Markle, J. Petersen, & T.
Pinch (eds), Handbook of Science and Technology Studies (Thousand Oaks, CA, and London: Sage):
189–204.

Wajcman, Judy (2004) Technofeminism (Cambridge: Polity).

Wakeford, Nina (1997) “Networking Women and Grrrls with Information/Communication Technolo-
gies: Surfing Tales of the World Wide Web,” in J. Terry & M. Calvert (eds), Processed Lives: Gender and
Technology in Everyday Life (London and New York: Routledge): 51–66.

Waldby, Cathy (2000) The Visible Human Project: Informatic Bodies and Posthuman Medicine (London and
New York: Routledge).

Wilson, Elizabeth (2002) “Imaginable Computers: Affects and Intelligence in Alan Turing,” in D. Tofts,
A. Jonson, & A. Cavallaro (eds), Prefiguring Cyberculture: An Intellectual History (Cambridge, MA: MIT
Press): 38–51.

Wolmark, Jennifer (ed) (1999) Cybersexualities: A Reader on Feminist Theory, Cyborgs and Cyberspace
(Edinburgh: Edinburgh University Press).

Feminist STS and the Sciences of the Artificial 163



 Theor Soc (2008) 37:461-483
 DOI 1 0. 1 007/s 1 1 1 86-008-9069-x

 Technology and institutions: living in a material world

 Trevor Pinch

 Published online: 10 July 2008
 © Springer Science + Business Media B.V. 2008

 Abstract This article addresses the relationship between technology and institutions
 and asks whether technology itself is an institution. The argument is that social
 theorists need to attend better to materiality: the world of things and objects of which

 technical things form an important class. It criticizes the new institutionalism in
 sociology for its failure to sufficiently open up the black box of technology. Recent
 work in science and technology studies (S&TS) and in particular the sociology of
 technology is reviewed as another route into dealing with technology and materiality.
 The recent ideas in sociology of technology are exemplified with the author's study
 of the development of the electronic music synthesizer.

 Introduction

 What is the relationship between technology and institutions? Is technology itself an
 institution? How in general are sociologists to cope with materiality; the world of
 things and objects of which technical things form an important class? And how well
 does the new institutionalism in sociology deal with technology and materiality?

 Most sociologists take it as their prerogative to examine the social dimensions of
 phenomena. For example, Neil Fligstein, in a recent attempt to revive neoinstitu-
 tional sociology in the explanation of organizations and organizational change
 defines his task as explaining how "social institutions, defined as rules that produce
 social interaction, come into existence, remain stable and are transformed" (Fligstein

 2001:106). The traditional sociological approach carves up the world in this way
 such that sociologists deal only with social things. The world of objects, machines,
 and materials are left unanalyzed or considered the territory of others, perhaps
 scientists and engineers.
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 It is a commonplace within modern sociological theory to talk about the duality of
 structure and agency (Giddens 1984; Bourdieu 1999; Sewell 1992). Sociologists also
 point to the need to treat symbolic constructions and "material practices" as mutually
 constitutive (Friedland and Alford 1991; Mohr and Duquenne 1997). This article has
 no quarrel with the mutual constitution of structure and agency or culture and
 practices. Rather I want to examine what is exactly meant by the "material" of
 material practices. And when modern social theorists touch upon material constraints
 such as time, space, and material resources (e.g., Giddens 1984), do they offer a
 thorough going analysis of materiality that shows the material world is, in the
 language of structuration theory, both enabling and constraining?
 As a starting point consider the position of John Searle who has recently treated

 the world of social construction and institutions within his general philosophical
 theory of biological naturalism. Searle draws a clear analytical distinction between
 physical forces and social forces (Searle 1995 and Searle 2006). Searle uses a
 parable of a village erecting a wall against outsiders that is then replaced with a
 symbolic wall, to show how physical force and processes of signification can serve
 the same purpose in social life. Searle, however, neglects the possibility that the
 physical and social might act together. Another example illustrates how this might
 happen. Simple physical devices, speed bumps (known in Britain as a "sleeping
 policeman"), are used for traffic calming. In this case physical force directly enforces
 a moral order previously founded upon signification processes such as traffic signs
 (Latour 1994). For Searle, signification processes are at the heart of social
 construction. But machines and the physical and material world can also be
 interwoven into signification. Social construction must include both.
 Of course, sociologists encounter material objects all the while - the discipline

 would scarcely be possible if it did not, but such objects are often treated more in
 terms of the social or cultural significance they produce or the affect of such objects
 upon social relations rather than in terms of how the social is integral to the
 constitution of such objects. Typical sociological framings are: What does this car
 mean or signify for consumption? How has the telephone changed society? How
 does computing and the internet increase or decrease the "digital divide"? How do
 off-shore call centers affect global patterns of migration amongst knowledge
 workers?1 Such approaches leave the material realm, the motorcar, the telephone
 the computer, and the Internet, unexamined. They fail, in the parlance, to "open the
 black box" of technology. The material realm provides an object for signification
 processes to glob onto, but these processes are independent of the actual working or
 material composition of the object.
 The distinction between a pure social domain, a world where only human

 capacities and affordances are granted, and the rest of the world - a non-human

 1 See for example DiMaggio and Hargittai (2001) on the digital divide where the actual technology of
 computing remains unexamined. Another telling example is Yakubovich et al. (2004), who although
 examining a heavily technologically mediated realm - the electrical system - define social construction to
 be process that has nothing to do with the technology. On the telephone, Claude Fischer's (1992)
 influential book on the social history of the telephone leaves unexamined the actual technology of
 telephones.
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 domain - makes little sense. The human and non-human are always mixed up
 together and it is this fundamental duality that needs to be attended to. It is
 immediately obvious that we humans are made of material stuff (mainly water I
 believe) and as soon as we inquire into how we do things unique to humans like
 represent and intervene, and produce and interpret - in short the domain of
 language - we quickly enter into discussions of our biological and brain
 functioning. And biology if it is anything deals with the material domain of
 cells, neurons, genes, proteins, and so on. It is also rare these days for humans to
 encounter an un-mediated non-human world - "nature in the raw" as it were. As

 social geographers have pointed out, landscapes have been shaped for centuries
 by human intervention. Even in the natural sciences scientists rarely encounter
 "natural" objects directly; the entities they deal with are often highly prepared
 and mediated - whether genetically purified mice (Rader 2004) or high energy
 particles (Knorr-Cetina 1999).
 Sociologists of course recognize that society and social institutions have

 important material elements. Marx famously grounded his sociology in an analysis
 of factories, technology and how the material world constrains society. But the
 Marxist analysis neglects the enabling aspects of materiality and technology
 (MacKenzie 1984). Bourdieu (1977) considers the materiality of space and in
 particular buildings, as Gieryn has pointed out as, "merely as external and
 autonomous forces structuring social practices with no necessary involvement of
 knowledgeable agents" (Gieryn 2002:37). Goffman (1959, 1961), also pays attention
 to the material arrangements of people and objects within the "interaction situation."
 Notions like "co-presence," "face work," and "front and back stage" draw attention
 to the material arrangements among human beings that enable and constrain social
 interaction, but Goffman treats materiality per se as something like a stage on which

 all the interesting performances occur. Giddens (1984) has pointed to the importance
 of space and time in sociology. Commenting on the influence of Goffman and
 Garfmkel, Giddens writes that, "The substantially 'given' character of the physical
 milieux of day-to-day life interlaces with routine and is deeply influenced in the
 contours of institutional reproduction" (Giddens 1994:xxv). Giddens does bring
 space and time into sociology, but like Goffman, he talks about the use of space as
 providing settings for interaction. As Gieryn (2002) and others (Hannah and
 Strohmeyer 1991; Sorper 1985; Soja 1989) have pointed out Giddens ultimately
 treats materiality as something which humans deal with through their own
 interpretative frames and agency.
 The recent focus on "material practices" by some sociologists moves us in a

 promising direction. Mohr and Duquenne (1997) and Friedland and Alford (1991)
 rightly point to the need to overcome dualisms between culture and practice or
 idealism and materialism. Mohr and Duquenne (1997) in their exemplary study of

 poverty relief in New York City at the turn of the twentieth century characterize
 much of the theoretical work in sociology of the last twenty years as having been

 dedicated to overcoming an opposition between "materialists" and "idealists" and
 call for the mutual structuration of symbolic practices and material practices. But
 what exactly do they mean by the "material" in "material practices"? They describe
 the material world as "the world of action" or "the structure of demands of the

 everyday world" (Mohr and Duquenne 1997:309). What they mean by material
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 practices is something akin to the ordinary human practices of everyday life. In
 effect, material practices are equivalent to social practices. They give examples from
 Clifford Geertz's research on sheep raids or cock fights and from Friedland and
 Alfred's research of buying and selling commodities. The material practices
 uncovered in Mohr and Duquenne's own research entail things like "giving money,
 food and shelter." The word "material" here seems to signify a practice that is
 grounded in the everyday, in the world of material things and may involve the
 exchange or manipulation of material things but by and large the materialness of the
 things does not itself figure in the analysis. What is important for these analysts are
 the social practices which so happen to involve material entities. For instance, Mohr
 and Duquenne draw attention to the practice of giving shelter and the "institutional
 logic" involved. They note in passing how changes in organizational form such as
 the replacing of "poor houses" and "alms houses" with settlement houses, half-way
 houses and the like transformed the habits and living conditions of the poor, but the
 systematic treatment of materiality and transformations in the technology of building
 and sanitation does not figure in their analysis.
 Other social sciences have also started to come to terms with materiality.

 Feminists, queer studies, and indeed cultural studies deal routinely with the body and
 this means materiality. Anthropologists such as Geertz (1973), Douglas (1986), and
 Stathern (1992) address the issue of material culture. Philosophers have also given
 us clues as to how to avoid the dualism. Wittgenstein (1973) at the beginning of The
 Philosophical Investigations shows how the origins of language games are found
 within human activities in a material world - like building a house. In cognitive
 science Hutchins (1995) has developed the felicitous notion of "distributed
 cognition" to capture how cognitive capacities are distributed between assemblages
 of humans and machines which work together to achieve particular tasks such as
 landing an airplane or navigating a ship. In the field of human computer interaction
 Suchman's (1987) ethnomethodologically inspired studies of how people interact
 with machines have usefully introduced the notion of "situated action" to capture
 how humans act in concert with machines. One of the few groups of sociologists to
 explore materiality have been those interested in space (Gieryn 2002; Mukerji 2002;
 Carroll-Burke 2002) and this group, significantly for the argument that follows, draw

 upon the new sociology of technology.
 This article also attempts to bring the material realm into sociology via the

 sociology of technology. I examine in more detail what neoinstutionalists in the study
 of organizations have to say about technology and materiality. I look at how they talk
 about skill. I then introduce work in the recent sociology of science and technology.
 The main empirical body of the paper offers several vignettes from my own recently
 completed study of the development of the electronic music synthesizer (Pinch and
 Trocco 2002). I try and show the salience of ideas in the sociology of technology and
 offer some new categories for thinking about agency and identity in dealing with
 technology. I conclude by calling for more integration of the neoinstitutional
 approach within sociology with the sociology of technology2 - the benefit will be a
 much more robust understanding of institutions and institutional change.

 2 Thomas Gieryn and his student Nicholas Rowland (e.g., Rowland and Gieryn 2008) are engaged in a
 similar project.
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 The new institutionalism

 The "New Institutionalism" that has come to dominate much organizational
 sociology in the USA in the last decades (Mizruchi and Fein 1999: 678) explicitly
 drew a line under its structural functionalist predecessors. Nailing itself to the mast

 of the interpretive tradition, whether Berger and Luckmann's (1984) treatise in the
 sociology of knowledge, or Giddens (1984) theory of structuration or Bourdieu's
 (1977) theory of practice, the aim was to recast the way that we understand
 organizations. The power of the new approach was to challenge the notion that
 resources are real and distributed around organizational fields as given determinants
 of outcomes. By calling attentions to rules, cognitive categories and legitimacy, the
 new institutionalism was able to show the importance of ideas for organizations. The

 interpretative tradition in sociology was lauded (March and Olsen 1984; Scott 1995;
 DiMaggio and Powell 1991) as a way to bring culture, and meaning back into the
 institutional analysis of organizations (Friedland and Alford 1991) and thereby
 challenge fiinctionalist explanations such as efficiency. Like all radical movements,
 the new approach had its manifesto - the so-called bible of new institutionalism,
 Powell and Dimaggio's (1991) edited collection, The New Institutionalism in
 Organizational Theory.

 Given the positivistic reflexes of many North American sociologists it can be
 questioned how deep the changes argued for by phenomenologically inspired work
 were (e.g., Leuenberger and Pinch 2000). There are, however, some encouraging
 signs. Fligstein's (2001) recent call for a neoinstutionalist focus on fields and micro
 domains is important and meshes well with other approaches in microsociology.
 Fligstein draws upon symbolic interactionism to posits a new social theory of
 agency, whereby agency is conceived as a social skill. Fligstein defines social skill
 as the "ability to engage others in social interaction" (Fligstein 2001: 105-106). This
 introduction of skill is welcome but does not go far enough.

 There is another literature on the sociology of skill that Fligstein does not
 mention. Scholars in the sociology of science and technology and the sociology of
 work are familiar with this notion of skill.3 For them skill is something that social

 actors, including scientific and technical workers, possess and that is crucial to their
 jobs. In this case the skill is more akin to a bodily or physical skill - it is the ability
 to get a job or task done. Craft unions are built around skilled workers. Without
 skills many technical tasks cannot be accomplished (Ravetz 1971; Collins 1974,
 2001; Harper 1987; Barley and Orr 1997; Orr 1996). The deskilling debate initiated
 by Braverman (1975) was about whether and to what extent workers are losing such
 skills in late-stage capitalism.

 For the sociology of science and technology skill is a key concept. Collins (1985),
 for example, argues that debates over whether or not experiments have been
 replicated can be understood as arguments about who has or has not the appropriate
 skill to operate complicated pieces of equipment that must coax a newly claimed

 3 Another approach to skill is offered by Garfinkel (1967) and his studies in ethnomethodology. The
 ethnomethodological version of skill is "competence". But for Garfinkel like Fligstein, embodied skills are
 only rarely the focus of analysis.
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 phenomenon from the noise. Collins's argument builds upon the earlier work of
 Kuhn (1962) who shows that scientists spend much of their training acquiring the
 skills to produce experimental phenomena within a given tradition of work or
 paradigm. Most scientific training is not about testing nature but about testing the
 scientist to see if they have the requisite skills to produce the correct answers.
 Ethnographies of skill (Collins 2001; Orr 1996; Pinch, Collins, and Carbone 1996;
 Lave and Wenger 1991; Harper 1987) show the extent to which many skills depend
 upon tacit knowledge. Tacit knowledge is knowledge that can be acquired and
 passed on, but that cannot be articulated. The skill involved in learning to ride a bike
 is a good example of tacit knowledge (Polanyi 1958). At one moment, kids do not
 possess the skill to ride a bike, but at a later moment they have acquired the skill.
 They have clearly learnt something but it is not clear what specific knowledge has
 been acquired (we do, however, know something about what has not been passed
 on - for instance neither explicit knowledge of the laws of physics nor of the laws of
 balance seem necessary). Tacit skills are typically not learnt from books and written
 manuals; such skills are learnt in practice "by doing," on the job. Pottery, woodwork,
 and cooking are full of such skills, as is car maintenance and much of science,
 technology, and medicine. Further elements of skills have been identified and the
 discussion has moved on to how and under what circumstances different

 components of skills can be explicated (Pinch et al. 1996).
 Institutions obviously depend upon these sorts of skills as well as social skills. An

 organization like a hospital can only function because the doctors and nurses possess
 the bodily skills to carry out surgical operations, make other medical interventions,
 and care for patients. If social skill in Fligstein's sense was all there was an
 organization would quickly collapse. Being able "to engage others in social
 interaction" is not going to be enough if you are a surgeon facing a critically ill
 patient. On the other hand, Fligstein is perfectly correct in one respect; without social

 skills - being able to talk, read gestures, and so on - the hospital as an organization
 would collapse. Both senses of skill are needed for a complete analysis.

 The significance of this sociological literature on skill in the sociology of science
 and the sociology of work for the neoinstitutional project is far from trivial.
 Institutions have an inescapable material dimension and part of the agency that
 actors bring to institutions is their work in producing and reproducing (and
 sometimes changing) the material dimensions of institutions. Likewise materiality
 itself exercises a form of agency and part of the agency that materiality brings to
 institutions is the work of producing and reproducing (and sometimes changing) the
 social dimensions of institutions. Indeed, we neglect the material aspect of
 institutions at our peril, especially if we want to understand institutional change.
 Institutional changes are often accompanied by rapid changes in technology - and
 technology is an important component of materiality.

 The new institutionalism in sociology has surprisingly little to say about the topic
 of technology. Walter Powell and Paul Dimaggio's 1991 edited collection, The New
 Institutionalism in Organizational Theory, despite paying lip service to the need to
 address the material and symbolic aspects of institutions and the occasional
 references en passant to technology, fails to analyze technology except in that it
 provides a background technical environment where organizations exist. Typical is
 the piece by Meyer and Rown where technology is a source of "myth binding on
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 organizations" (Meyer and Rown, p. 45 in Powell and Dimagggio 199 1).4 One of
 the few exceptions in the volume that gives more attention to technology provides a
 nice way into thinking about this topic in relation to institutions. Ronald Jepperson
 gives the example of a microcomputer's basic operating system (DOS) that he says
 "appears to be a social institution relative to its word-processing program (especially
 to a software engineer)" (Jepperson in Powell and Dimaggio 1991: 146). This
 example caught my eye because it is one of the few instances where a piece of
 technology is explicitly described as an institution.5
 For Jepperson and the other sociologists writing in that book, institutions are

 taken to be sets of rules or patterns whereby social actions ands practices are
 ordered. To be institutionalized, actions and practices must be reproducible. For
 Jepperson, DOS provides a highly constraining set of rules - the way the software
 interacts with the hardware of the computer is prescribed and proscribed by DOS
 while a word processing program allows the user to write in many different ways.
 DOS is actually a nice example of a technological institution because today the
 possibility to run programs in DOS has all but vanished for most users. Nevertheless
 we are still constrained by this operating system that is now embedded within other
 programs like Windows. Because DOS has becomes less visible the institution is
 actually more powerful. The embedding or freezing of choices within scientific and
 technical systems, what the French philosopher Gaston Bachelard calls phenomen-
 otechnique,6 makes technology actually one of the most powerful institutions in
 Jepperson 's sense we as social scientists face. It is because social choices appear to
 have vanished from technologies, or are so deeply embedded within technical
 structures that they become invisible to all but the technical experts, that
 technologies are powerful institutions.

 What is technology?

 But what exactly is meant by technology? The word is elusive and immediately
 problematic. Its origins can be traced back to the Greeks, with the word techne
 meaning art or craft and comprising activity within the mechanical arts.7 Today we
 usually think of technology as being about artifacts, processes, and machines, and
 the knowledge - often based in engineering - used to design and operate them. For
 much of the media technology has taken on an even more limited meaning: it stands

 for particular devices of the age of information technology like computers, internet,
 mobile phones, and so on. Leo Marx (1994) has pointed out that the word tech-

 4 The reason for this is they believe that for many organizations like universities and museums, the
 cultural pursuit of legitimacy is a more profound cause of isomorphism.

 5 In the study of productive organizations such as auto plants the neoinstitutionalists are more likely to
 recognize the role of technology as a factor in bringing about convergence, but again technology as an
 object is left "black boxed."

 6 This term is used in this way by Bruno Latour and Steve Woolgar (1979) in Laboratory Life,

 7 This instrumental meaning has come to dominate but we should not forget also the meaning of techne
 within the fine arts and arts of the mind as poiesis - a "bringing forth" or "revealing" to which Heidegger
 (1977) draws attention.

 £) Springer

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:21:55 UTC               

All use subject to https://about.jstor.org/terms



 468 Theor Soc (2008) 37:461-483

 nology did not come into general usage until the late nineteenth century. Marx
 interestingly notes that technology in that period actually had a much broader usage
 than the narrower meaning of today. Technology was associated with the big new
 technological systems that were sweeping America: railroads and telegraphy, and
 later the telephone and electricity. These technological systems, as the historian of
 technology Hughes (1984) has powerfully shown for the case of Edison and the
 electric power utilities he founded, were combinations of the technical, political,
 social, and economic. New breeds of system manager arose, developing the new
 managerial skills and new forms of accountancy needed to operate these systems.8
 It is obvious that technology, however it is defined, should be of concern to

 sociologists. The changes associated with the rise of the steam engine, the spinning
 jenny, interchangeable parts, canals, trains, the automobile, mechanized warfare,
 radio, TV, nuclear weapons, genetics, agribusiness, biotechnology, the Internet, and
 nanotechnology to name but a few, have transformed and are currently transforming
 human experience, life and death, and social institutions. Technology is something
 nobody can afford to ignore. Economists like Schumpeter, Paul David, and Chris
 Freeman look to understanding technological change as the means to understand
 economic change. Karl Marx's theory of political economy was famously founded
 upon an analysis of the power of machines and the process of technological change
 during the industrial revolution. Social critics like Lewis Mumford have long
 questioned the impact of technology on our cities. Philosophers as diverse as Martin
 Heidegger, Jacques Ellul, Herbert Marcuse, Langdon Winner, Don Idhe, and Andrew
 Feenberg have reflected upon how human beings are enframed by technologies.

 The sociology of technology

 Within sociology the systematic analysis of technology has, however, been slow to
 develop. The field of sociology of technology as a sub-field of sociology is still in its
 infancy. There was an important earlier tradition of work associated with Ogburn
 (1950) and the notion of "cultural lag" - the idea that societies may adopt a
 technology like guns relatively quickly, but take longer to change cultural attitudes
 such as using guns as weapons to kill people in wars. Robert Merton also was
 someone who was interested in technology - famously in his Ph.D. dissertation
 (Merton 1970) on the origins of the scientific revolution, where he pointed to the
 role of technology as one of the co-factors in the emergences of the scientific
 revolution in a particular time and place.9 There are also important social theorists
 who claim that certain features of technology or types of technology demand new
 sorts of social arrangements, whether Ulrich Beck's risk society (Beck 1992), or
 Manuel Castells's network society (Castells 1996). But what is missing from this

 8 Sociologists of technology have typically differentiated between "material technologies" that are
 predominately peopled by material artifacts and "social technologies" where the onus is put upon routines
 and practices followed by humans (Pinch et al. 1992). For example, the classic Weberian bureaucracy is a
 social technology whereas the space shuttle is a material technology.

 9 The effect of Puritanism on the rise of science is part of this and has become known as the "Merton
 Thesis" - see Shapin (1988).
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 work is an analysis of how an understanding of technology and indeed the material
 world in general could be an integral part of the building blocks of sociology.
 In the 1980s, a new sociology of technology emerged heavily influenced by

 phenomenology and in particular by the sociology of scientific knowledge (Pinch
 and Bijker 1984; MacKenzie and Wajcman 1985; Woolgar 1985; Latour 1987;
 Bijker et al. 1987). The crucial move in the new sociology of technology has been
 the attempt to uncover and analyze the choices embedded within technologies and
 technological regimes and show how these choices are tied to wider societal
 concerns. One obvious means to do this and "open the black box of technology" is
 through the use of history. Historical analysis shows that things have not always
 been as they are today and thus exposes the potential for showing how things could
 be and were different. In terms of the analysis of institutions, Foucault's work is
 particularly instructive here. His focus was mainly on what he called "technologies
 of the self but his examination of specific disciplining institutions like prisons drew
 attention to their material dimensions. The panoptican is well-known but the separate

 system of prison care initiated by reformers like Jeremy Bentham (Ignatieff 1978)
 included many new technical devices such as the architecture of rooms to avoid
 prisoners seeing each other; new forms of individualized tread mills; and new kinds
 of signaling devices for corralling prisoners. Foucault's broad-brush technique did
 not examine these technical artefacts in detail - but it nicely shows that, what
 Goffman calls, "total institutions" like prisons, hospitals, and asylums are dependent

 upon material arrangements and technical devices.
 It is the investigation of particular technical devices that is so crucial, yet at the

 same time hard to do because such devices often fall within the purview of
 engineering and design. In short, for the sociologist to fully engage with the working
 of a technology often means that the sociologist must acquire a great deal of
 engineering knowledge and learn about engineering practice. Having opened the
 black box, the sociologist must then endeavor to show how societal interests have
 shaped the very design of a technology. Influenced like so many of us, by Berger
 and Luckmann (1984), the challenge becomes to understand how technical objects
 themselves are socially constructed. This approach does not deny that technologies
 are real or that they have massive effects on social interaction as Giddens and others
 have argued. But to understand how technologies enable and constrain social
 interaction, it is important not to take either their constraining or enabling features
 for granted and study both how technologies could be different and how social
 interaction built around technologies could be different.

 SCOT

 The social construction of technology (SCOT) approach10 has been developed by an
 amalgam of sociologists, historians, and Science and Technology Studies scholars
 over the last 20 years (Pinch and Bijker 1984; Bijker et al. 1987; Bijker and Law
 1992; Bijker 1995a, b; Pinch 1996). Studies have been carried out of technologies as

 10 The closely aligned "social shaping" approach has also been important, see MacKenzie and Wajcman
 (1985). Also feminist work on technology has been influential - for a review, see Wajcman (1991).
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 diverse as bicycles, plastics, electric lighting (Bijker 1995a), missiles (MacKenzie
 1990), cars (Kline and Pinch 1996) and digital newspapers (Boczkowski 2004). To
 illustrate some of the key ideas I draw on my own study of a piece of technology, the

 electronic music synthesizer (Pinch and Trocco 2002).

 The synthesizer study

 Something remarkable happened between 1960 and today. The world back in 1960
 was a lot quieter. A few people might have heard the experimental music of
 composers Karl Heinz Stockhausen and John Cage or have been exposed to the
 shriek of one of the first electronic instruments, the Theremin,11 in Hollywood
 movies such as Spell Bound. Today, however, we are saturated with electronic
 sound. Car alarms beep, mobile phones chirp, and an electronic cacophony
 accompanies every contestant on television who becomes a millionaire. The origins
 of this electronic soundscape can be traced to one engineer, Robert Moog (known
 affectionately by everyone in the field as Bob Moog) and his invention of the
 synthesizer.12
 Here is how, Bob Moog, describes the moment in the basement of an isolated

 upstate New York town, Trumansburg, when he and avant garde composer Herb
 Deutsch made their first synthesizer module:

 The door was open, we didn't have air conditioning or anything like that, it was
 late Spring and people would walk by, you know, if they would hear something,
 they would stand there, they'd listen and they'd shake their heads. You know
 they'd listen again - what is this weird shit coming out of the basement?
 ((Pinch and Trocco 2002: 26)

 This "weird shit" has transformed the world of sound over the subsequent forty
 years. Much of the technology for making new electronic sounds is descended from
 this first commercial device for making electronic music, the Moog synthesizer
 (Theberge 1997; Chadabe 1997).13
 The Moog synthesizer is literally a black box (or to be more accurate several

 black boxes) for making sound. The newly discovered transistor enabled Moog to
 make his device much smaller than the room-sized tube machines controlled by

 11 The Theremin invented by Russian physicist Leon Theremin is unique because its high pitched
 oscillator is controlled by the operator moving their hands near two antennas - there is no physical contact
 with the instrument at all. It can be heard to good effect on the record "Good Vibrations" by the
 Beachboys.

 12 Moog died in August 2005. His influence is increasingly recognized with him winning the Polar Prize
 for music in 2001 and a Technical Grammy in 2002. A documentary, "Moog," about his life has recently
 been released.

 13 Sound itself is a key part of the new institution of electronic music. In sociology, we are familiar with
 visual materials but we have thus far paid little attention to sound. Sound is part of the material world. Not
 only must we understand how new sound technologies come into being, and are used but we must also try
 and understand the new sonic experiences, which these technologies enabled. The study of sound, music,
 noise, and even silence is part of the new interdisciplinary area of "sound studies" - see for instance,
 Thompson (2002), Sterne (2003), Bijsterveld and Pinch (2004).
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 punched tape, which preceded it. The technology was analog - it worked with
 continuously varying voltages. It contained sources of sounds (oscillators and noise
 sources), ways of processing sound (filters, envelope shapers and amplifiers) and
 ways of controlling sound - Moog's main controller was an organ keyboard. All the
 different modules could be connected up in flexible ways by wires (known as patch
 cords - rather like an old analog telephone exchange). Different musical parameters
 varied according to the different "control voltages" fed into them. For instance, the
 pitch of an oscillator increased with increased voltage. Outputs could be connected
 to inputs facilitating all sorts of musical effects such as vibrato and tremolo and all
 sorts of different sounds could be made by connecting up the modules in complex
 ways.

 Moog developed this technology from a hobbyist background (his father, an
 engineer for Con Edison in New York, was one of the first amateur radio operators
 in America, and built a huge basement workshop in which young Bob tinkered). He
 first made hobbyist instruments such as the Theremin. Crucial for Bob's
 development of the synthesizer was a chance encounter in the early 1960s with
 New York avant garde composer, Herb Deutsh, who teamed up with Bob and told
 him what sorts of sounds and controllers he would find musically useful. From this
 collaboration stemmed the synthesizer. Moog had his first synthesizer factory in
 Trumansburg, 12 miles north of Ithaca where Cornell is located and where Bob was
 a graduate student in engineering physics.

 Interpretative flexibility

 One of the central ideas in the social construction of technology is that the meaning

 of a piece of technology is acquired within social groups. Technologies, rather than
 developing under there own immanent technical logic (referred to by Winner (1977)
 as "autonomous technology") acquire meanings in the social world and these
 meaning shape and constrain their development. Often in the initial stages different
 meanings of a technology will coexist, some in contestation with one another. For
 example, the IBM PC has a very different meaning from that of the Apple
 Macintosh. This difference in meanings is known as "interpretative flexibility"
 (Pinch and Bijker 1984). The term interpretative flexibility comes originally from the
 sociology of scientific knowledge where it is used to denote the competing
 interpretations of experiments found at the research frontiers during scientific
 controversies (Collins 1985). A good example of interpretative flexibility in the
 history of the synthesizer is a rival technology to that of Moog's, developed in 1964
 by engineer and artist Don Buchla.
 While Moog was a classic 1950s engineer (complete with pen protector) working

 in rural Trumansburg who had occasional contacts with the avant garde in New York
 City, Buchla was the engineer for the hippies. He made synthesizer modules for Ken
 Kesey's merry pranksters to use at "acid tests" (Pinch and Trocco 2002). Kesey's
 famous bus "FURTHER" was equipped with Buchla modules and Buchla also made
 equipment for the Grateful Dead (with whom he was friends). Buchla worked at the
 San Francisco Tape Center and was part of the burgeoning Haight Ashbury
 experimental music scene that included composers like, Terry Riley, Steve Reich,
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 and Pauline Oliveros. Buchla's synthesizer, known as the Buchla Box, shared with
 Moog the technology of transistors, voltage control, and modular construction, but
 there was "interpretative flexibility." Buchla sought a new meaning in the
 synthesizer. For him, the new source of sound was not to be controlled by anything
 so prosaic as a keyboard; instead he developed new sorts of controllers (e.g., arrays
 of pressure-sensitive touch pads), which were not limited to music made from the
 chromatic twelve-note scale of the conventional keyboard. Buchla wanted to use the
 synthesizer to make a new sort of music.
 At the core of the burgeoning electronic music movement in the 1960s were thus

 two rival machines and two rival visions of the future. Moog wanted to make
 reliable machines that could be used by all sorts of musicians, including commercial
 musicians. Buchla wanted electronic music to be a tool for experimentation to be
 used by the avant garde. Buchla refused to call his synthesizers machines; he
 referred to them as instruments, with each "Buchla Box" exhibiting unique
 characteristics.14 Buchla had his own names for modules that reflected his artistic

 vision. For example, he called his white noise source (useful for making sounds of
 wind and waves), the "Source of Uncertainty."15

 Standards

 Moog built his synthesizer around what became known as the volt-per-octave
 standard. This means that changes in a control voltage of one volt for the
 different modules corresponds to a pitch change of an octave. Much work in
 the history and sociology of technology has shown the importance of
 standardization (Alder 1997; Schaffer 1992; O'Connell 1993; Star and Bowker
 1999). Standards are rarely simply technical matters; they are powerful ways of
 bringing a resolution to debates that might encompass different social meanings
 of a technology. Standards are set to be followed; they entail routinized social
 actions and are in effect a form of institutionalization. In the case of Moog's
 volt-per-octave standard he was standardizing around a particular meaning of
 the new instrument - that it was to be used for playing music where intervals
 and octaves meant something. Buchla, with his radically different vision of
 music and his rejection of standard keyboards, had oscillators that were non-
 linear and had no correspondence to a volts-per-octave measure at all. When
 other synthesizer manufacturers like ARP of Boston and EMS of London
 entered the market later in the 1970s, it is notable that they all adopted a form
 of the volt-per-octave standard. Later, in the digital age of the 1980s,
 standardization became even more important and different American and
 Japanese synthesizer manufacturers organized a special conference to develop

 Buchla and Moog for a while resisted using the name "synthesizer" for their invention. Moog wanted to
 differentiate his "real time" machine from the paper tape controlled room-sized computer known as the
 RCA Mark II Synthesizer used at the Columbia-Princeton Electronic Music Center. Buchla disliked the
 connotation of synthetic as in a copy of the real thing.

 15 Buchla was very influenced by the randomness aesthetic of John Cage who was a visitor to the Tape
 Center where Buchla worked.
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 a new digital standard, MIDI (Music Instrument Digital Interface), that allowed
 different makes of synthesizers to be hooked up together and more crucially
 with personal computers.

 Technological frames

 Technologies and the social groups within which technologies take on meaning
 are tied together within what can be called a "technological frame" (Bijker
 1995a). Rather like Kuhn's notion of a paradigm in science, this provides a
 conceptual framework as well as a mode of practice and exemplar for the new
 technology. Eventually a frame may get downshifted into the machine itself and so
 constrain subsequent meanings and usages. For example, the Microsoft technolog-
 ical frame has become over time the Windows frame. It is clear that from the start

 Moog and Buchla operated within different technological frames. Moog as a fifties
 engineer working in upstate Trumansburg adopted conservative fifties engineering
 values. He wanted to make a reliable piece of technology that could be widely used
 and sold to a number of different groups of users. Buchla, on the other hand, saw
 himself more as an avant garde artist, who made instruments for his like-minded
 friends and fellow composers. This difference is captured in the different ambiences
 of their respective factories. Moog's factory employed local woman whose quilting
 skills could be adapted to the task of soldering delicate electronic components to
 circuit boards. One senses it was a very ordinary American small business - an
 assembly line in a rural town, with local workers and "easy listening" tuned in on the
 radio. The shop environment was working-class and matter-of-fact. Buchla 's off-beat
 shop - from the lighting, to the piped-in politics, to the ambient counter-cultural
 atmosphere - was more like an on-the-job "happening." Buchla employed fellow
 artists, philosophers, and Zen Buddhists who worked in total silence.

 Closure

 The social construction of technology approach traces different meanings of a
 technology over time. The concern is with how new meanings arise, old meanings
 vanish, and how choices get frozen. Interpretative flexibility often vanishes and the

 job of the sociologist becomes to explain how one particular meaning comes to
 predominate; how "closure" is brought about (Pinch and Bijker 1984). Closure is
 another term introduced from the sociology of scientific knowledge where it is used

 to explain how a consensus over experimental facts develops amongst the relevant
 community. The process of analyzing closure for a technology resonates with
 neoinstutionalist Walter Powell's claim that, "The critical agenda for institutional

 analysis should be to show how choices made at one point in time create institutions
 that generate recognizable patterns of constraints and opportunities at a later point."
 (Powell in Powell and Dimaggio 1991: 188).

 In terms of Moog versus Buchla, what happens over a period of time is that
 Moog's vision for the future comes to pass. The choices he made turn out to be the
 winning ones. One reason for this is because Moog stays with the standard
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 keyboard.16 And here the symbolic and rhetorical meanings of technologies become
 important (Bazerman 1999). Increasingly pictures of Moog's instruments began to
 appear in sales brochures, advertising material, and in the media with the keyboard
 prominently displayed. We asked Moog the reason for this:

 The keyboards were always there, and whenever someone wanted to take a
 picture, for some reason or other it looks good if you're playing a keyboard.
 People understand that then you're making music, you know [without it] you
 could be tuning in Russia. (Pinch and Trocco 2002:60-61)

 Most musicians had some familiarity with keyboards and thus they quickly
 adapted to the new instrument. Buchla's control systems were complex and needed
 the operator to invest far more time in learning the instrument.

 Users

 The other important issue in terms of Moog's success concerns his relationship with
 users. In the sociology of technology, the importance of users has been gaining
 increasing attention (Mackay and Gareth 1992; Kline and Pinch 1996; Oudshoorn
 and Pinch 2003). Users of technology have to be "configured" as Woolgar (1991)
 has put it or "scripted" as Akrich (1992) suggests. A technology may succeed or fail
 depending on how well users are able to operate it. Institutional analysis is
 particularly instructive on this point. Highly institutionalized processes are ones
 where humans repeatedly act in the same way, and that is exactly what technologies
 do to their users. It does not mean that uses are determined or that users cannot come

 up with new meanings and uses. History of technology teaches us that indeed they
 do. For instance, Kline and Pinch (1996), in their study of the use of the early Model
 T on farms in the USA show how farmers converted their Model Ts into stationary
 sources of power for washing machines, farm implements, and the like. Although
 new uses of technologies are, as Von Hippel (1988) notes, a source of innovations, it
 is the repeated way we coordinate our actions with machines that forms part of the
 choreography of modern social life. Just look at cell phone users for confirmation of
 this point. We learn new gestures and our bodies experience new injuries as a result
 of the new disciplining that technologies bring their users.

 The place of users in Moog's technological frame was particularly important. He
 strived to understand what his users (his customers) wanted and he devised new
 ways to learn from them such that he could, in turn, discipline them more effectively.
 He opened up his factory and held a summer electronic music workshop there where
 young composers could have access to his new technology and he could study how
 they used it. This eventually turned into his factory studio that he encouraged local
 musicians to use for free at night. During the day he offered free tuition to his
 customers, facilitating further interaction with his users. The studio became a kind of

 test laboratory for "idiot-proofing" the machine. Most musicians had no experience
 with electronic equipment and were notorious for sticking wires in where they were

 16 The keyboard although it looks like an organ or piano keyboard is actually monophonic (plays one note
 at a time); polyphony and touch sensitivity were only introduced later.
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 not supposed to go. Moog constantly tweaked his synthesizer according to what his
 users wanted. He added touch sensitivity to his keyboard; he made his oscillators
 more stable; and he added many more technical changes. His second ever customer,
 Eric Siday, wanted to use his new Moog not to make music but to make the few
 seconds of sound (known as a "sound signature") that sell a commercial product on
 radio or television. Siday had Moog build him a special keyboard with each note
 being tunable. It was Siday who developed this lucrative new industry in New York,
 making the "burp" of a Maxwell House coffee percolator in a well-known ad. By
 appealing to wider groups of users, Moog made his synthesizer more and more
 useful to different sorts of musicians. Buchla, on the other hand, with his singular
 vision of electronic music as experimental music found his instruments limited to
 academic composers and the avant garde.17 Moog learnt from his users whilst
 Buchla's vision told him what users wanted.

 Wider culture

 In studying the role of users the sociologist of technology must deal with the wider
 world of social meanings, hierarchies of power, and flows of resources within which
 users operate. Organizations are of course embedded in wider constellations and
 structures of meanings. The synthesizer was born in the 1960s and soon the
 musicians of the 1960s were incorporating the synthesizer and electronic sounds in
 general within their wider political and personal explorations into transgression,
 transcendence, and transformation. This was a two-way process: the synthesizer was

 in part shaped by 1960s psychedelia but it in turn helped shape the movement.
 Buchla, as I already mentioned, was the hippie's engineer, and it was he who first
 realized the power of the synthesizer in terms of the psychedelic movement's
 exploration of new washes of sound, new instruments, and ways to achieve that
 classic "spacey" sound and "spaced out" feeling. Buchla played his synthesizer with
 the Grateful Dead, Big Brother and the Holding Company, and others at a famous
 1960s happening known as the Trips Festival. Soon other psychedelic groups like
 the Doors, the Byrds, and famously the Beatles, acquired synthesizers.

 Other technologically mediated forms of cultural production and reproduction are
 important to the history of the synthesizer. In particular, the recording industry is crucial.
 We would never have heard of the Moog synthesizer if it were not for one of the biggest

 hit records of 1968, Wendy Carlos 's Long Playing record Switched-On Bach performed

 on a Moog synthesizer. It was, and remains, one of the best selling Bach records of all
 time. It made Moog and his synthesizer famous and the LP cover showing a bemused
 wigged gentleman looking at a keyboard attached to a Moog synthesizer further
 reinforced the synthesizer as a keyboard instrument.18 Other hit records followed as

 17 Although later Suzanne Cianni used her Buchla to make commercial sound signatures and became the
 Eric Siday of the 1970s.

 18 Ironically, the instrument shown on the cover could not be played live because of the lack of patch
 wires. Carlos's album was a studio achievement made with endless overdubs and by tape splicing of
 individual sounds. Despite its studio rendition the consensus was that Carlos made Bach "come to life."
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 the synthesizer became an indispensable part of "Progressive Rock" with Emerson,
 Lake and Palmer's use of the Moog to make their hit single "Lucky Man." A
 group called Hot Butter came up with their ubiquitous Moog hit, "Pop Corn."
 Over time what we might call a "path dependence" for the keyboard synthesizer

 developed rather similar to the much better known path dependence of the
 QWERTY keyboard and the computer. "Lock-in" and "sunken costs" are the
 economists' terms for explaining this process (David 1985; Arthur 1988). I have
 argued elsewhere (Pinch 2001) that these terms need to be supplemented by a richer
 sociological vocabulary that describes how over time new pieces of technology, new
 processes of institutionalization, new markets, new users, new ways of doing things,
 and new sounds co-evolve.

 Mediators and markets

 Part of building the new institution of electronic music involved building a new
 market for synthesizers and synthesizer music. Economists often treat markets as
 matters of supply and demand. Instead our focus is upon how markets for
 technologies are actively constructed. In building markets, a key part is played by
 mediators like salespeople. It is salespeople who move between the world of use and
 the world of design and manufacture and who bring the two into alignment. We need
 to pay more attention to intermediaries such as salespeople and repair people. They
 are the missing masses of the sociology of technology. The role of salespeople in
 particular was crucial in marketing Moog's portable synthesizer, known as the
 Minimoog.

 With the growing impact of the modular Moog in the recording studio, some
 synthesizer players started to experiment with live performance. The modular Moog
 was unsuited to this use; it was too big, too unstable, and too complex. It was also
 too expensive to become a popular live instrument.19 In 1970 Moog and his
 engineering team solved these problems by developing the portable and cheaper
 Minimoog synthesizer. This is essentially a hardwired and simplified version with a
 keyboard built in. It retailed at around $l,500.20

 The advent of the Minimoog was more than just a way station in the history of the
 synthesizer. The Minimoog also marked an important transformation in how
 synthesizers were sold. It signaled the dawn of a mass-market for synthesizers sold
 through retail music stores. The large modular synthesizers had been sold directly
 from the manufacturer. Moog employed two sales staff, one in New York and one in
 Los Angeles. The Minimoog was, however, sold in a completely new way to a
 totally new group of users.

 The story here is somewhat similar to the history of George Eastman and the
 Kodak camera. Developing a cheap roll-film camera was not enough; Eastman had
 to find new users for his new technology (Jenkins 1997). In the process of recruiting

 19 A large modular Moog synthesizer and tape recorder could cost as much as $10,000 - the price of a
 small house.

 20 This was affordable but was still the price of a rock van.
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 such users he transformed the institution of photography, turning it from an
 expensive high-end profession into something almost anyone could take part in.
 Part of this activity involved a transformation in how cameras were sold and
 marketed. A similar thing had to happen for the synthesizer to succeed and for
 the new institution of electronic music to take off. When Moog and his team of
 engineers developed the Minimoog they had no idea if there was a mass market
 for their instrument. It was a Moog user, appropriately enough a former
 television evangelist and novelty instrument demonstrator, David Van Koevering,
 who saw the potential of the new instrument for rock groups. It was he who
 devised ways of persuading young rockers to get into electronic music and to
 buy Minimoogs. His sales pitch was that it would give them the sonic energy
 that enabled the keyboardist to step into the limelight from the background,
 turning themselves into virtuoso "keyboard heros." Like the guitar heroes, they
 too could become stars. In the process, Van Koevering had to persuade retail
 music stores to stock synthesizers and build a sales network. Synthesizer
 salesmen started to attend the trade shows where most of the musical
 instrument business is carried out. Van Koevering was so successful that
 within a year he had become the vice president of the Moog music company
 and soon was selling synthesizers in music stores all over the world (Pinch
 2003). At the same time the type of music played on the new portable
 synthesizer (including in particular "progressive rock") was marketed by record
 companies and further reinforced the synthesizer market.

 Standardizing sound

 The Minimoog was also important in terms of the evolution of electronic
 sound. By rejecting the patch wire approach of earlier synthesizers, the
 Minimoog in effect hardwired in certain sorts of sound. Sound was becoming
 more controllable and reproducible and at the same time more standardized.
 Van Koevering, in teaching rock musicians the new instrument, used colored
 tape on the different knobs and switches to mark specific sounds. Acoustic
 instruments could be emulated as never before and soon "sound charts" were

 devised showing the settings to make different sorts of standardized sound. This
 was not yet the digital age of MIDI or the perfect reproducibility of a preset
 sound available at the touch of a button or a click of the mouse, but what it
 meant was that electronic sound was becoming more stabilized and recogniz-
 able. The technology permitted certain sorts of sound to be produced and
 slowly over time users started to recognize and hear those sounds as distinctive
 features of the new electronic soundscape.

 A good example here is the space-ship bypasses in Star Wars, one of the first
 movies to use a synthesizer for sound effects.21 Soon the Star Wars space-ship
 bypass was recognized by everyone as the definitive space ship sound and other
 synthesists now had a name for the sound and it could be programmed into other

 21 It uses the ARP 2600 synthesizer for all the sounds including those of the robot R2-D2.
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 synthesizers.22 This is the social construction of sound. The sound is recognizably
 that of a space ship; a new signifier in our world of sound.23

 Agency and technology

 How can case studies such as the one on the Moog help us build a sociology that
 takes materiality seriously? In dealing with materiality and specifically technology, I
 have suggested how approaches within the social construction of technology are
 helpful. In rethinking work on institutions and organizations we will have to rethink
 categories. In particular we need new ways to capture the agency that new forms of
 materiality afford. I suggest that we do not need to be quite as radical as sociologists
 of technology Michel Callon and Bruno Latour have suggested (Callon 1986; Latour
 1987; Collins and Yearley 1992; Callon and Latour 1992; Bloor 1999; Latour 1999).
 They too want sociology to address material agency. Drawing on semiotics, they
 advocate a sociology of translations that for analytical purposes makes no distinction
 at all between humans and non-humans. In doing so, they must inevitably jettison
 most of conventional sociology. Organizations, institutions, social groups, networks,
 and identities are all useful terms but such terms have to be reworked and

 supplemented to take better account of materiality and the new forms of agency that
 technology affords. In thinking about the interaction between objects and actors
 around technology within institutions, we need new sorts of concepts.24 I would like
 to conclude by suggesting a couple of concepts that I have found useful in my own
 research on the synthesizer.

 The synthesizer can be described as a special category of object that in the field of
 sociology of science and technology is known as a "boundary object" (Star and
 Greisemer 1989). These are objects that cross boundaries between social worlds and
 can mean different things to actors in different social worlds.25 For example, for
 psychedelic rock in the 1960s the synthesizer could be a means to enhance a state of
 altered consciousness, but for people working in the world of advertising a
 synthesizer was a new way of painting in sound, a way to conjure up a particular
 feeling to correspond to a particular product (the sound of Maxwell house coffee
 percolating or coke pouring).

 The notion of a boundary object is rather static; it does not capture the agency that
 these objects permit. In my own work, I have been using anthropologist Turner's
 (1969) term "liminal entity" to capture the transformative powers of the synthesizer.
 Liminal entities, like boundary objects, are "neither here nor there; they are betwixt

 22 The story of this sound is actually more complicated as the synthesist, Ben Burtt, found the synthesized
 sound to be too weak and in the end used an electronically modified recording of a natural sound - that of
 the engine of a Goodyear blimp. See, Pinch and Trocco 2002 for the full story.

 23 This is a particularly interesting example because real space ship by-passes in space (a vacuum) should
 (according to physics) be completely silent.

 24 A related but less radical approach is that offered by Pickering (1995), who maintains a distinction
 between humans and non-humans in his theory of the "mangle."

 25 Boundaries are themselves socially constructed as actors engage in "boundary work" (Gieryn 1983).
 Gieryn (1999) generalizes the argument to examine the cultural boundaries of science.
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 and between the positions assigned and arrayed by law, custom convention and
 ceremony." The synthesizer is a liminal entity because it is something that can pass
 between different worlds, can take on different meanings in these worlds, and in the

 process transform these worlds. That is to say, with Bach played on the synthesizer
 we hear Bach in a new way. Psychedelic music played on a synthesizer transforms
 the ultimate user, the listener.

 The actors in my study also morph their identities. Musicians on occasion turn
 into salesmen; engineers on occasion turn into musicians; and engineers can become
 salesmen. Transgressions are everywhere. This blurring of categories seems an
 integral part of the transformation I have been studying. When the modular Moog
 synthesizer was first used in recording studios, no one knew what to calls its
 operators: were they engineers, programmers, producers, musicians, or what? These
 actors crossed between different social worlds and changed identities as they went. I
 call these actors "boundary shifters." Bob Moog was a boundary shifter: a shaman
 who morphed back and forth between his engineering world and the world of
 musicians and in the process transformed the synthesizer. Boundary shifters work
 with liminal entities to cross boundaries to produce transformations in institutions.

 In studying large-scale institutional changes in music like this one, we need terms
 that capture how technologies, actors, institutions, and organizations are transformed
 and at the same time are capable of exerting agency in the transformative process.
 Liminal entities and boundary shifters are two new categories for thinking about this

 double-edged sword of human and non-human agency.
 I do not claim in this article to offer anything like a complete theory for thinking

 about technology and institutions. I see my contribution and the sociology of
 technology as helping to provide a set of tools that may or may not be useful in the
 study of organizations. Many ongoing organizational practices involve technolo-
 gies.26 The duality of structure and agency, and cognition and practice that has been
 fruitfully applied to many features of organizations must also be extended to the
 material realm. A technological standard such as the volt-per-octave standard
 established by Moog is a powerful reminder of this. The new standard is enabled by
 human culture and practices and in particular by a musical culture and set of
 practices that conceive of music in terms of octaves, but the new standard also
 constrains the sorts of musical practices we can engage in with synthesizers. We
 humans put agency into synthesizers and the synthesizers assert agency in
 constraining the sorts of music we can make. Synthesizers, like all technologies
 and all institutions, enable and constrain at the same time.
 Institutional analysis has come a long way, but it must come further and at some

 point grapple with materiality and technology. The social world is a world built of
 things, social action is through and through mediated by materiality, and social
 theory will remain impoverished unless it addresses this materiality. I began my
 essay by asking whether technologies are institutions. The answer must be yes, but
 with a caveat - institutions themselves are made from things as well as people.

 26 The next stage in this project would be to tie these concepts more closely to the interests of neo-
 institutionalist organizational theorists in notions such as convergence, myths, loose coupling, etc.
 Material practices and technologies would seem to be important elements in institutional logics and how
 they change.
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 ESSAY

 The Invisible Technologies of Goffman's
 Sociology
 From the Merry-Go-Round to the Internet

 TREVOR PINCH

 Old technologies live on alongside new ones. Often the old technologies
 become invisible, just part of the stuff of life while attention is focused on
 a subset of technologies deemed new and interesting. For example, David
 Edgerton points out that whereas the Second World War is often seen as the
 crucible for new technologies from microwave radar to the atomic bomb,
 the extensive role of horses in the war is frequently overlooked.1 These in-
 visible, mundane technologies are my focus here, and I wish to address how
 making such technologies more visible might contribute toward our socio-
 logical understanding of technology.

 In thinking about the future of the history of technology for the fiftieth-

 anniversary SHOT conference, I remain convinced that because of technol-
 ogy's deep embedding in society, the sociology of technology has much to
 offer historians. Much of the contribution of the sociology of technology
 over the last decades has come from focusing on innovation and opening up
 the black box of design.2 Even the recent turn toward users has been framed

 Trevor Pinch is professor of science and technology studies and sociology at Cornell Uni-
 versity. He is grateful to Ron Kline and Rachel Prentice for helpful comments on an ear-
 lier version of this essay. This paper was first presented at SHOT'S Fiftieth Anniversary
 Conference in Lisbon on 12 October 2008.

 ©2010 by the Society for the History of Technology. All rights reserved.
 0040-165X/10/5102-0007/409-24

 1. David Edgerton, The Shock of the Old: Technology and Global History since 1900
 (Oxford, 2006).

 2. See for example Donald MacKenzie, Inventing Accuracy: A Historical Sociology of
 Nuclear Missile Guidance (Cambridge, Mass., 1990); Wiebe E. Bijker, Of Bicycles, Bake-
 lites, and Bulbs: Toward a Theory of Sociotechnical Change (Cambridge, Mass., 1995);
 Trevor Pinch and Frank Troceo, Analog Days: The Invention and Impact of the Moog Syn-
 thesizer (Cambridge, Mass., 2002); Wiebe E. Bijker, Thomas P. Hughes, and Trevor J.
 Pinch, eds., The Social Construction of Technological Systems: New Directions in the His-
 tory and Sociology of Technology (Cambridge, Mass., 1987); and W. E. Bijker and John
 Law, eds., Shaping Technology/Building Society (Cambridge, Mass., 1992).
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 TECHNOLOGY AND CULTURE

 in terms of users as "agents of technological change."3 But our predominant
 interactions with technology do not attempt to change it, much less inno-
 vate new devices - most interactions with technology are much more mun-
 dane than that. Technology is so all-pervasive in our everyday world that we
 scarcely notice that the objects we interact with are technological at all. An
 important part of the largely invisible world of technology is what is often

 APRIL called infrastructure: things like sanitary systems, power grids, roads, or,
 2010 increasingly, the internet.4 In looking for sociological insight into how
 vol 51 humans interact with such mundane and largely hidden things we may

 need to mine different sorts of sociological insights than have been com-
 mon in the sociology of technology thus far. I will thus start in a rather un-
 usual place for the sociology of technology, with Erving Gofrman.

 Goffman as Sociologist of Technology

 Many readers will be surprised to see Erving Gofrman (1922-1982) de-
 scribed as a "sociologist of technology." Most sociologists are of course
 familiar with Gofrman as the supreme analyst of face-to-face social interac-
 tion, with his dramaturgical models for understanding social life. Notions
 such as "face work," "front," "co-presence," "framing," "backstage" and "front

 stage," "impression management," and "the presentation of self" have not
 only become indispensable to thinking about social interaction in general
 but have also been applied to many areas of social life, including science.5

 3. Ronald R. Kline and Trevor Pinch, "Users as Agents of Technological Change: The
 Social Construction of the Automobile in the Rural United States," Technology and Culture
 37 (October 1996): 763-95. Nelly Oudshoorn and Trevor Pinch offer a wider range of
 users, including nonusers; see Oudshoorn and Pinch, eds., How Users Matter: The Co-Con-
 struction of Users and Technology (Cambridge, Mass., 2003). Ronald Kline's monograph on
 the introduction of technology into rural America says much more about the routine use
 of technology which led to changes in everyday life. See Ronald R. Kline, Consumers in the
 Country: Technology and Social Change in Rural America (Baltimore, 2000).

 4. On the history of some of these systems, see Joel A. Tarr, The Search for the Ulti-
 mate Sink: The Evolution of Pollution in Historical Perspective (Akron, Ohio, 1996);
 Thomas P. Hughes, Networks of Power: Electrification in Western Society, 1880-1933 (Bal-
 timore, 1983); Ruth Schwartz Cowan, More Work for Mother: The Ironies of Household
 Technology from the Open Hearth to the Microwave (New York, 1983); and Janet Abbate,
 Inventing the Internet (Cambridge, Mass., 1999). There have been recent calls by sociol-
 ogists of science and technology to take infrastructure more seriously, most notably
 Susan Leigh Star, "The Ethnography of Infrastructure," American Behavioral Scientist 43
 (1999): 377-91. For a detailed examination of infrastructure and the problem of how to
 deal with non-humans, see Trevor Pinch, "On Making Infrastructure Visible: Or Putting
 the Non-Humans to Rights," Cambridge Journal of Economics 34 (2010): 77-89.

 5. For an attempt to apply Gofrman to science, see Steven Hilgartner, Science on
 Stage: Expert Advice as Public Drama (Palo Alto, Calif., 2000). For a recent extension of
 Gofrman to economic sociology, see Alex Preda, "Brief Encounters: Calculation and the
 Interaction Order of Anonymous Electronic Markets," Accounting, Organizations, and
 Society 34, no. 5 (2009): 675-93.
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 PINCH I The Invisible Technologies of Goffman's Sociology

 Goffman's work has deservedly received much general attention from soci-
 ologists6 and has had a huge impact on other fields, such as social psychol-
 ogy and theater studies. But one does not find any essays on Goffrnan and
 technology.7 What one does find, however, is that scholars who study new
 media, and in particular the internet, have drawn on Goffman's work.

 For instance, the fluidity of online identities fits well with Goffman's
 notion of "performing the self."8 Also, the idea that personal websites can essay
 be analyzed as a form of "presentation of self" has not gone unnoticed.9
 The dramaturgical model which Goffman offered with notions such as
 "front stage" and "backstage" (famously first instantiated in his study of
 dining behavior in a hotel in the Shetlands, where the waiters at the tables
 perform their roles "front stage," as opposed to the roles performed "back-
 stage" by staff in the kitchen - see below) has been applied with some suc-
 cess to discuss ethical issues and the internet and how online learning com-
 munities operate.10 When it comes to other new media technologies it is
 not surprising to again find that Goffman's work has been influential. For
 instance, in his recent book on the mobile telephone, Rich Ling used Goff-
 man to examine the extent to which everyday co-presence is interrupted by,
 or changed by, mobile phone use.11

 The reason Goffman is so evocative in this area is that the new media

 technologies have become part and parcel of everyday interaction. Modern
 citizens spend so much time interacting with computers, cell phones, and the

 like that the role they play in framing and mediating interaction is obvious,
 and Goffman as the observer and theorist of everyday interaction par excel-

 6. See for instance Paul Drew and Anthony Wootton, eds., Erving Goffman: Exploring
 the Interaction Order (Boston, 1988); Tom Burns, Erving Goffman (London, 1991); and
 Thomas Scheff, Goffman Unbound: A New Paradigm for the Social Sciences (New York,
 2006).

 7. For a recent essay on Goffman by a philosopher of science who tries to bring
 together Goffman with Foucault, see Ian Hacking, "Between Michel Foucault and Erving
 Goffman: Between Discourse in the Abstract and Face-to-Face Interaction," Economy
 and Society 33 (2004): 277-302.

 8. Nikki Sannicolas, "Erving Goffman, Dramaturgy, and On-Line Relationships,
 Cybersociology no. 1 (1997), available online at http://www.cybersociology.com/files/ 1_
 2_sannicolas.html (accessed 11 February 2010).

 9. Hugh Miller, "The Presentation of Self in Electronic Life: Goffman on the Inter-
 net," paper presented at Embodied Knowledge and Virtual Space Conference, Gold-
 smiths* College, University of London, 1995; and Charles Cheung, "A Home on the Web:
 Presentations of Self on Personal Homepages," in Web.Studies: Rewiring Media Studies for
 the Digital Age, ed. David Gauntlett (London and New York, 2000), 43-51.

 10. Allison Cavanagh, "Behavior in Public: Ethics in Online Ethnography," Cybersoc-
 iology no. 6 (1999), available online at http://www.cybersociology.com/files/6_2_ethicsin
 onlineethnog.html (accessed 9 March 2010), and Drew R. A. Ross, "Backstage with the
 Knowledge Boys and Girls: Goffman and Distributed Agency in an Organic Online
 Community," Organization Studies 26, no. 3 (2007): 307-25.

 11. Rich Ling, New Tech New Ties: How Mobile Communication Is Reshaping Social
 Cohesion (Cambridge, Mass., 2008).
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 TECHNOLOGY AND CULTURE

 lence seems an appropriate starting point. Indeed, my own studies of online
 interaction are, as we shall see below, indebted to Goflman. But in thinking

 about how to approach online interaction it is first useful to consider off-line
 interaction in more detail - in particular, the role played by technology and
 materiality in Gofrman's analysis of mundane interaction.12 It is here that I
 have noticed something which I think is quite interesting. Although largely

 APRIL unanalyzed, Gofrman's examples are often replete with technologies and
 2010 materiality in general. If technologies are part of his examples, what then
 vol 51 ^oes tk*s te^ us ab°ut Goftman as a sociologist of technology?

 It is in Gofrman's earliest studies of the late 1950s and early 1960s that
 one finds what might be called a "hidden sociology of technology." Let us
 start with Gofrman's 1961 essay on "role distance," published as part of the
 book Encounters.10 Goffman argues that actors not only embrace their
 roles; at the same time they also "step out of roles" to distance themselves
 from the role and thus, for a moment, to find another identity and to reveal

 to other actors that they are aware that they are playing a role. Role dis-
 tance, he argues, can be a means of dealing with problems in interaction,
 such as social hierarchy, and with the complex, heterogeneous social worlds
 within which most social actors must operate. Although Gofrman's essay is
 cast within the then-traditional sociological approach to role analysis
 (largely structural functionalist), it is often taken as an example of the need
 for a departure from the then-predominant, rather static conception of
 role. In rereading Gofrman's essay today we must also be aware that it was
 based on behavioral observations made mainly in Western settings during
 the late 1950s.

 Situated Activity Systems

 Goffrnan was particularly interested in a specific sort of interaction,
 that set within what he calls a situated activity system. This he defines as "a
 somewhat closed, self compensating, self-terminating circuit of interde-
 pendent actions."14 He gives examples, including the playing through of a
 game; surgery; the execution of one run of a small group experiment; or
 having a haircut. These sorts of specific interactional situations, where a
 task is wholly performed by one person or by a group together in one

 12. 1 began to examine Gofïman for his use of technology as part of a wider critique
 I have been making of sociology in general for ignoring materiality and technology in
 particular. See Trevor Pinch, "Technology and Social Institutions: Living in a Material
 World," Theory and Society 37 (2008): 461-83, and Trevor Pinch and Richard Swedberg,
 eds., Living in a Material World: Economic Sociology Meets Science and Technology Studies
 (Cambridge, Mass., 2008).

 13. Erving Goñman, Encounters: Two Studies in the Sociology of Interaction (Indian-
 apolis, 1961).

 14. Ibid., 96.
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 PINCH I The Invisible Technologies of Goff man's Sociology

 locale, are distinguished from situations where an endeavor is multisitu-
 ated. He is particularly interested in how people do things together (a spe-
 cific activity) in a circumscribed (situated) environment. Goffman chooses
 to center his observations pertaining to role distance in this essay within
 two particular sorts of situated activity systems - children riding a merry-
 go-round, and surgery. Let us examine each example in detail.

 Goffman describes the ways the situated role of riding horses on a ESSAY
 merry-go-round are performed by children at different ages. Two-year-
 olds, for instance, have problems acquiring the necessary poise for the role
 of merry-go-round rider (often needing their parents to ride with them);
 four-year-olds are starting to "embrace" the role, first grimly waving at their

 parents each time they pass and then relaxing into the role; later (among
 boys at five years of age) they start to do the sort of riding whereby they
 show their lack of attachment to the role, or "role distance" - riding in a
 casual way with hands off the reins, trying to changes horse in mid-ride,
 larking around to look cool, and so on. Goffman writes:

 At seven and eight, the child not only dissociates himself self-con-
 sciously from the kind of horseman a merry-go-round allows him to
 be but also finds that many of the devices that younger people use for
 this are now beneath him. He rides no-hands . . . clasps hands with a
 mounted friend across the aisle. He test limits and his antics may bring
 negative sanction from the adult in charge of the machine. And he is
 still young enough to show distance by handling the task with bored,
 nonchalant competence, a candy bar languidly held in one hand.15

 The interesting thing for our purposes here is the role played by tech-
 nology in the example. The merry-go-round is a technological system (of
 motion, sound, and light, which provides an administrative apparatus for
 extracting money from its riders). The whole staging of the role follows
 from what the technology permits, in particular the replication of the same
 circular ride time and again, which can be viewed by onlookers such as
 friends or parents. Because role distance is performed and requires an audi-
 ence or recipient, the exact physical configuration of riders and onlookers
 becomes crucial. There are two potential audiences (or recipients) for the
 role-distancing performance: fellow riders, and the watching parents and/
 or friends standing at the side of the merry-go-round. If the merry-go-
 round did not permit children to sit in close proximity to each other (so
 that they can monitor each others' behavior), then role distance for other
 riders could not be performed. In other words, the physical layout of the
 horses is crucial for this form of social interaction. The machine's design
 and operation ensures the performance of the child is also repeatedly visi-
 ble to the stationary parent and/or friends. The parent watching the merry-

 15. Ibid., 108.
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 go-round spin by is also expected to behave in a certain fashion when
 embracing the role of "merry-go-round watcher." The parents must not
 only pay attention but also display the necessary startled expression as they
 enthusiastically wave every time the child passes (thereby themselves dis-
 playing role distance, perhaps to friends standing with them).

 Technology plays a part in staging the role and is also crucial in terms of
 APRIL how the interaction is mediated. For instance, the view the stationary parents
 201 o have of their child is mediated by the spinning merry-go-round. The parents

 vol 51 see me*r G^^ vanish from their visual field and come back into sight from
 the other side with each rotation of the merry-go-round. In effect, this is like

 watching a slowed-down movie where each frame repeats the same action.
 We can make the analysis of the merry-go-round even more compli-

 cated if we bring in the administrative apparatus - what we might call the
 administrative technology. The visibility of the rider is linked to both safety
 and remuneration; the operator must be able to monitor the children and
 also determine who has or who has not paid for the ride (the operator is
 aided in the latter by the material technology of tickets and/or a barrier or
 gate). The sound of the music, the lights, and the raised carousel itself - like
 a brightly lit stage - may also be important in giving the right atmosphere
 to the occasion.

 The link between materiality and performance can be seen most clearly
 if the materiality is changed. Interestingly enough, Goffman notes in passing

 a potential example of precisely this. He reports in a footnote on observa-
 tions of role distance among slightly older (high school) lower-middle-class
 children who are out riding real ponies. In this case the performance of the
 role distance is different. Rather than lark around or change horses mid-ride
 (something that is really only feasible on mechanical horses), the children
 adopt a feigned style of riding which pokes fun at the rich kids (Goffman
 refers to them as the "horsey set"), who ride in an overly prissy style. Thus
 materiality (whether there are real horses or mechanical horses) really does
 matter for how the performance of role distance will be carried out.

 In short, the staging of the interaction, the mediation of the interaction,
 and its performance depend crucially on the detailed material and techno-
 logical arrangements in place. Although technology and materiality are rel-
 evant, they are largely invisible. For Goffman, as for many sociologists, the
 materiality and the technology involved are not seen as consequential for
 the sort of analysis of the social activity being pursued.16 Goffman notes in
 passing that, "as is often the case with situated activity systems, mechanical
 operations and administrative purpose provide the basis of the unit."17 But
 Goffman does not explain why this is so, or how these mechanical opera-
 tions might become important to the staging of the role.18

 16. This argument is developed in Pinch, "Technology and Social Institutions."
 17. Goftman, Encounters, 97.

 18. The notion of an activity system with a mechanical basis possibly shows the res-
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 PINCH I The Invisible Technologies of Goff man's Sociology

 Let us also briefly consider Goffinan's other main example in his essay:
 surgery. Goffinan uses this example because he wants to generalize his find-
 ings. Unlike merry-go-round riders, surgeons are almost iconic in what
 Gofftnan calls their "attachment" to their role. The role the surgeon plays is

 highly coordinated with anesthetists, juniors, and nurses, and often role
 distance is used as part of managing this tricky hierarchy (Goffinan de-
 scribes medical juniors as being "like over-age merry-go-round riders" in ESSAY
 their jesting and antics to show that "this is not the real me").19 But Goff-
 man goes further with this example, showing how role distance is essential
 for the very activity itself - "surgery," he writes, "requires acts unbecoming

 a surgeon."20 One of his best-known examples is how the chief surgeon uses
 role distance to "mark the end of a critical phase of action and the begin-
 ning of a less critical phase."21 Often at such moments the surgeon will
 make a joke or may "stretch himself in a gawky, exaggerated and clownish
 way,"22 thereby signaling to the rest of the team to relax somewhat.23

 Surgery as a situated activity system is replete with technologies and
 materiality. In his essay, Goffinan rather underplays surgery as a skilled
 practice set within the context of the discipline of medicine accompanied
 by all the technical apparatus and paraphernalia of the modern operating
 room. He describes the components as consisting of "verbal and physical
 acts and the changing state of organism undergoing the operation."24 But
 this leaves a lot unsaid. The unfolding of any surgical operation is crucially
 dependent on the technical practices of the surgical team. In other words,
 the activity consists of a coordinated series of technical interventions over
 a period of time, set within a framework of knowledge, skills, and practices.
 The interventions involve not only physical interventions into the patient's
 body (e.g. suturing, draining blood, tying blood vessels, and so on), but also
 interventions with the ancillary technology and equipment (adjusting dials
 and knobs, for example, and setting up pieces of apparatus).25 Throughout
 a surgery there is also intensive monitoring of the patient, of charts (includ-

 ing X-rays), and of digital displays (and today perhaps video images from

 onance of cybernetics with Goffman's thinking at the time. He refers to the pattern of
 roles in a situated activity system as part of "a concrete self-compensating system" (ibid.,
 96) and notes that, "[a] s with any face-to-face interaction, there is much chance for com-
 munication and its feedback through a wide variety of signs, for the damping and surg-
 ing of response, and for the emergence of homeostatic-like controls" (ibid., 97).

 19. Goffman, Encounters (n. 13 above), 117-18.
 20. Ibid., 134.
 21. Ibid., 124.
 22. Ibid.

 23. The use of humor at different stages of operations has also been observed by
 Pearl Katz in her anthropology of surgery; see Katz, "Ritual in the Operating Room," Eth-
 nology 20 (1981): 247-57 .

 24. Goffman, Encounters, 116.

 25. Because of the need to maintain sterility, this "setting up" will often be handed
 off to nurses.
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 within the body), as well as word-of-mouth communication and gestures
 among the members of the team.

 Interventions depend crucially on the way the operation unfolds. For
 example, a dramatic drop in a patient's blood pressure will lead to the anes-
 thesiologist stepping in - becoming, as it were, "on stage." The staging of
 surgical interaction thus depends crucially on a set of material arrange-

 APRIL ments, tools, and technologies.26 With this insight we can now see that
 2010 Goffinan's point about role distance being essential to surgery can actually
 vol 51 ^e strengthened. The moments of role distance which signal junctures of

 increased or decreased concentration by the team are actually dependent
 on the material circumstances of the unfolding operation (such as when
 the patient's blood pressure drops dramatically).27 In short, there is no pre-
 determined mechanistic rendering of time possible for surgery (a surgeon
 will never say in advance that this particular operation will last no more or
 less than, say, exactly fifty-five minutes).28 The temporal unfolding and the

 situational role distancing it enables are contingent on the technical prac-
 tices themselves, and there is enough uncertainty that no two operations
 (even by the same team) will follow the exact same temporal path.29 The
 temporal ordering of the necessary role distance which Goffrnan identifies
 is therefore dependent on materials and technology - and on who has
 "charge" of the technology at relevant moments.

 Hotel Shetland Islands

 I now want to revisit briefly an even more famous example of Goff-
 man's, drawn from his well-known ethnography of the Shetland Islands in
 the UK. In this example the role of materiality and technology is even
 clearer.30 Goffinan spent a lot of time hanging around the one hotel on the

 26. For science studies-orientated ethnographies of surgical practices, see Stefan
 Hirschauer, "The Manufacture of Bodies in Surgery," Social Studies of Science 21, no. 2
 (1991): 279-319, and Rachel Prentice, "Drilling Surgeons: The Social Lessons of Em-
 bodied Surgical Learning," Social Studies of Science 32 (2007): 534-53.

 27. For a general argument as to why cognitive plans concerning the operation of
 technologies are better understood as situated actions, see Lucy Suchman, Plans and Sit-
 uated Actions: The Problem of Human-Machine Communication (Cambridge, 1987).

 28. Windows of time (e.g., the amount of time, bounded by upper and lower limits,
 for performing a particular procedure) and numbers of reiterations of a search routine
 (say, looking for a particular organ) can, however, guide a surgeon through some aspects
 of the technical work; see Trevor Pinch, Harry Collins, and Larry Carbone, "Inside
 Knowledge: Second Order Measures of Skill," Sociological Review 44 (1996): 163-86.

 29. Surgery is replete with uncertainties - no two bodies are exactly alike (even the
 exact location of organs varies from individual to individual); no two bodies will
 respond identically to interventions; no two surgeons work at exactly the same pace.
 Procedures are fine-tuned to the state of health of the patient and depend for their im-
 plementation on the skills, knowledge, and experience of the team.

 30. Materiality and technology are, of course, not synonymous. Some technologies,
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 islands, and in his 1959 book, The Presentation of Self in Everyday Life, he
 draws on this experience to make one of the key distinctions in his analyt-
 ical vocabulary, the difference between "front stage" and "backstage" behav-
 ior.31 He notices that the presentation of self by the service personnel in the

 "front stage" parlor of the hotel, where guests are to be found, is very dif-
 ferent from the crofter behavior found in the "backstage" kitchen and
 scullery. In the parlor and dining room the hotel personnel follow what ESSAY
 Goffman calls the "middle class norms" for politeness and for the presenta-
 tion of food. Backstage, however, things are rather different: "Crofter cloth-

 ing and postural patterns also tended to appear in the hotel kitchen. Thus,
 the manager would sometimes follow local custom and leave his cap on; the
 scullery boys would use the coal bucket for a well aimed expulsion of
 mucus; and the women on the staff would rest sitting with their legs up in
 unladylike positions."32 He goes on to observe that "mould would some-
 times form on soup yet to be used. Over the kitchen stove, wet socks would
 be dried on the steaming kettle - a standard practice on the island. Tea,
 when guests had asked for it newly infused, would be brewed in a pot
 encrusted at the bottom with tea leaves that were weeks old

 ter, softened, misshapen and partly used during their sojourn in the dining
 hall, would be rerolled to look fresh, and sent out to do duty again."33

 Of course, to observe this sort of distinction Goffman himself needed

 to move freely between front stage and backstage, but even more crucially,
 these spaces have to be attended to by the participants themselves. Materi-
 ality does matter - not only the moldy soup and the pats of butter, but also
 the way the spaces are bounded and connected. The two spaces must be
 bounded enough to permit the participants to change their behavior ac-
 cordingly as they enter or leave them; the different parts of the hotel have
 to be connected for the personnel to be able to pass between them; and last,
 the two spaces must to a degree be screened from each other so that the
 hotel guests cannot easily observe the mold growing in their waiting soup
 bowls, for example, or the scullery workers spitting into the coal buckets.
 For the analytical terminology of front stage and backstage to work, there
 must be material constraints on the setting.

 The materiality of the setting - if you like, the architecture of the dif-
 ferent stages - is something to which Goffman closely attends.34 In intro-

 which I have defined elsewhere as "social technologies" (see Trevor Pinch, Malcolm Ash-
 more, and Michael Mulkay, "Technology, Testing, Text: Clinical Budgeting in the U.K.
 National Health Service," in Bijker and Law [n. 2 above], 265-89), may have few mate-
 rial elements. For a definition of materiality, by which I mainly mean human-made
 things, objects, and materials, see Pinch and Swedberg (n. 12 above).

 31. Erving Goffman, The Presentation of Self in Everyday Life (New York, [1959],
 1982).

 32. Ibid., 119.
 33. Ibid., 120.

 34. The architecture of technology is something to which feminist analysts of tech-

 417

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:15:32 UTC               

All use subject to https://about.jstor.org/terms



 TECHNOLOGY AND CULTURE

 ducing this chapter of his book on what he calls "Region and Region Be-
 haviour," he defines a region as "any place that is bounded by some degree
 by barriers to perception."35 He notes in passing the importance of the
 materiality of these barriers. He contrasts the thick glass panels of a radio
 broadcasting studio, which isolates an area aurally but not visually, with the
 beaverboard partitions in offices, which do the opposite. Goffinan notes

 APRIL that while "front stage" is by and large a public space, control must be exer-
 2010 cised over who can go backstage. Indeed, in most service industries it is
 vol 51 taken for granted that clients or members of the public cannot go back-

 stage. But in certain situations this becomes problematic. One case Goff-
 man discusses is automotive repair shops where male clients feel they have
 the right to enter the repair shop and examine the backstage work being
 carried out on their car.36 Hotels present another sort of problem because
 of the need for constant passage between front stage and backstage by wait-
 ers and the like and for waiters to be able to monitor the clients as to when

 they need serving. But if the door between kitchen and dining room is
 always left open, then the guests may be able to look into the kitchen and
 thus threaten the necessary bounded character of the backstage space.

 Such a problem did indeed occur in the Shetland hotel. As Goffinan
 writes:

 Given, then, the various ways in which activity in the kitchen contra-
 dicted the impression fostered in the guests' region of the hotel, one
 can appreciate why the doors leading from the kitchen to the other
 parts of the hotel were a constant sore spot in the organization of
 work. The maids wanted to keep the doors open to make it easier to
 carry food trays back and forth [and to observe the needs of guests].
 Since the maids played a servants' role before the guests, they felt they
 did not have too much to lose by being observed in their own milieu
 by guests who glanced into the kitchen when passing the open doors.
 The managers, on the other hand, wanted to keep the door closed so
 that the middle class role imputed to them by the guests would not
 be discredited by the disclosure of their kitchen habits. Hardly a day
 passed when those doors were [not] angrily banged shut and angrily
 pushed open.37

 So here we can see that a particular material technology, a door, is crucial
 in understanding the mediation between front stage and backstage. Goff-

 nology have paid close attention. See for instance Judy Wajcman, Feminism Confronts
 Technology (University Park, Pa., 1991).

 35. Gofhnan, The Presentation of Self, 109.
 36. Goffinan was writing in the 1950s and 1960s, when car repair was something

 which many men believed themselves capable of carrying out, or at least understanding
 (unlike today).

 37. Goffman, The Presentation of Self (n. 31 above), 120-21.
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 man notes that there are other technological solutions to the problem of
 managing the bounded nature of the backstage at the same time as allow-
 ing easy passage to the front stage. A "kick-door" (a swing door with a spe-
 cial reinforced plate used to "kick" it open), for example, is used in many
 restaurants to solve precisely this problem.

 With Goffman's example we see how the use of this technology can be
 contested by social actors in the course of their ongoing social interaction. ESSAY
 Goffrnan does not analyze the doors and architecture of rooms as part of
 an explicit sociology of technology, but he does note that the different tech-

 nological and material options are crucial to the sorts of social interaction
 they permit to be staged. The beauty of Goffinan's analysis is that in these
 situated microcosms of social interaction we see not only that perform-
 ances of class and gender matter in contestations of the workplace (the
 maids thinking of themselves as servants, as opposed to the managers'
 desire to be seen as "middle class"), but also that such performances are em-
 bedded in the mundane materiality of social life. The sociologist of tech-
 nology Bruno Latour has also shown interest in mundane artifacts such as
 doors.38 But Goffman's sociology of doors, unlike that of Latour's, is
 grounded in performances of gender and class as well as materiality. The
 inspiration for the sociology of technology to be found in Gofrman's work
 is that the material form of technologies, although never explicitly ana-
 lyzed, really does matter. The "interaction order" studied by Goffman is
 embedded within, mediated by, and staged by material circumstances and
 mundane technologies.

 Mundane technologies thus matter for social interaction, and which
 technologies are chosen (a regular door versus, say, a kick-door) may con-
 figure interaction in quite different ways. One question that it would seem
 important to ask, then, is how are these sorts of mundane technologies cho-
 sen? Is there some sort of negotiation? Elsewhere I have argued that politi-
 cal sites, such as town planning meetings and other local forums where
 infrastructural decisions are planned and debated, are places to study pre-
 cisely these sorts of negotiations over mundane infrastructure.39

 Online Interaction

 One of the infrastructural technologies currently being put in place is
 the internet. In the rest of this essay I want to return to the study of online
 interaction to see what follows from this excursion into the Goffmanesque
 world of mundane technology. It is immediately obvious that when it
 comes to the internet we should avoid the trap of declaring that online

 38. Latour's main concern is with morality embedded in automatic door-closers. See
 Bruno Latour, "Where Are the Missing Masses? Sociology of a Few Mundane Artifacts/'
 in Bijker and Law (n. 2 above), 225-58.

 39. See Pinch, "On Making Infrastructure Visible" (n. 4 above).
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 interaction is special because it is technologically mediated interaction.
 Goffman's studies of the merry-go-round and of the Shetland Island hotel
 are also studies of technologically mediated interaction! This is important
 to note because often analysts make the mistake of assuming that online
 interaction, because it is computer mediated, takes place in a different
 social realm with its own rules of interaction. Worse, sometimes a false

 APRIL dichotomy is drawn between the "virtual" world of online interaction and
 2010 the "real" world of social interaction. If my reading of Gofrman is correct,
 V0L 51 all interaction can be materially mediated. This is not to say that there may

 not be crucial differences between online interaction and so-called "face-

 to-face" interaction, but mediation per se does not seem to be the crucial
 difference.

 Probably the most important part of the interaction order to discuss
 when it comes to the internet and Web 2.0 (the assemblage of technologies
 which permit the rise of social networking sites such as Facebook) is what
 Gofrman refers to as co-presence^ "being accessible, available and subject to
 one another."40 In Goffman's own work, he mainly restricted this notion to
 full bodily presence, by which he meant something like a physical area
 where interactants find themselves in visual and aural range of one another.
 If co-presence is interpreted as only bodily co-presence, then the idea will
 have limited applicability to online worlds.41 But if co-presence is conceived
 of as a means whereby interactants are available and accountable to each
 other for their mediated interactions, it has a wider application.42

 The clue to thinking about co-presence and its application to an online
 world is again to think about mediated interactions which do not involve
 computers. A useful example here is letter writing.43 This is a mediated form

 of communication with its own special norms and obligations. Writing and
 receiving letters are accountable social actions.44 The importance of the
 mediation and how it affects the accountability of actions can be seen when

 40. Erving Gofrman, Behavior in Public Places: Notes on the Social Organization of
 Gatherings (New York, 1963), 22.

 41. Bodily presence is, however, increasingly relevant to sites such as becond Lire,
 which use avatars, and sites where video interaction is permitted. Recently, Karin Knorr
 Cetina has also drawn attention to the need to extend Gofrman to cover what she calls

 the "synthetic situation" - these are situations like those found in the trading rooms of
 banks, where bodily interaction and onscreen interaction and their attendant "response
 presences" occur together. See Knorr Cetina, "The Synthetic Situation: Interactionism
 for a Global World," Symbolic Interaction 32 (2009): 61-87.

 42. That online interaction is a form of "mediated presence" is suggested by Charles
 Goodwin, Conversational Organization: Interaction between Speakers and Hearers (New
 York, 1981).

 43. Another example is how the party-line telephone changed the meaning of what
 it was to "visit" someone. See Kline, Consumers in the Country (n. 3 above).

 44. For a detailed and subtle analysis of the normative constraints on letter writing
 between scientists, see Michael Mulkay, The Word and the World: Explorations in the Form
 of Sociological Analysis (London, 1986).
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 for some reason a person who writes a letter is present when the recipient
 reads it. The ensuing mild embarrassment is telling and derives precisely
 from the changed form of mediation and co-presence. The different forms
 of mediation and co-presence which email provides, with its possibility of
 instant reply and lack of bodily presence of the interactants, is exactly what
 encourages email flaming (think of the contrast with telephone conversa-
 tions where the greater signaling via voice intonation makes a crucial differ- ESSAY
 enee).45 It is notable also that the temporal aspect of "being available" shifts
 between different sorts of mediation. An overlong pause in face-to-face con-

 versation can signal trouble; email demands a response within a certain time
 period; and letter writing is far more stretched out in terms of temporal
 response. Mediation matters hugely to the types of normative constraints,
 and forms of trust and credibility, which can be built in interaction, but in
 all cases the interactants are available and accountable. My claim here is that

 co-presence is manifest online, but it crucially depends on the exact form of
 material mediation. Obviously the type of mediation that occurs when in-
 teraction is facilitated through a screen, mouse, keyboard, interconnectivity,
 and so on is different and crucially needs to be unpacked.

 In the online world interaction is displaced in space and time.46 "Traces,"

 whether profiles, posts, blogs, lists, reviews, songs, videos, or votes, are left at

 the website by remote users for other users to inspect, listen to, and interact

 with, leading to yet new traces.47 Most such interactions between traces are
 visible (or if need be audible) to anyone visiting the website with the requi-
 site access. Some traces (typically economic transactions) will of course be
 private. Co-presence in the sense of being "accessible, available and subject to
 one another" occurs but is established by the interaction between the traces.

 An online "gathering" may take place even if only one person is visiting the
 website at any one time. Goffman writes that "[t]hose in a given situation
 may be referred to aggregatively as a gathering, however divided, or mute and

 distant, or only momentarily present, the participants in a gathering appear
 to be. Cultural rules establish how individuals are to conduct themselves by

 virtue of being in a gathering, and those rules for commingling, when ad-
 hered to, socially organize the behavior of those in the situation."48

 45. There is a large literature on the analysis of email flaming from the perspective
 of the field of communications. See for instance A. K. Turnage, "Email Flaming Behav-
 iors and Organizational ConflicC/ownia/ of Computer-Mediated Communication 13, no.
 1 (2007), available at http://jcmc.indiana.edu/voll3/issuel/turnage.html (accessed 14
 January 2010).

 46. See Don Miller and Dan Slater, The Internet: An Ethnographic Approach (New
 York, 2000).

 47. See H. T. Weiser, M. A. Smith, E. Gleave, and D. Fisher, "Distilling Digital Traces:
 Computational Social Sciences Approaches to Studying the Internet," in Handbook of On-
 line Research Methods, ed. N. Fielding, R. L. Lee, and G. Grant (London, 2008), 1 16-40.

 48. Erving Gofrman, "The Neglected Situation," American Anthropologist 66, no. 6
 (1964): 133-36 (quote on 135).
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 If we turn now to studies of online interaction that use Goffman we can

 see how the materiality of the form of interaction is highly consequential
 for the interaction order. A study by Danah Boyd of Web 2.0 social net-
 working sites, such as Facebook, Friendster, and MySpace, is instructive.
 Drawing on Goffman, Boyd shows that in offline interaction the term
 "friend" is often used in order to "save face";49 Boyd argues that the perfor-
 mativity of friendship and the need to "show face" also occur in the online

 2010 world, where they are aptly called "friending."50 But here performativity is
 vol. 51 deeply influenced by the material technology, in this case the types of fea-

 tures which the website offers. For example, MySpace offers a "Top 8" fea-
 ture where users can list their Top 8 friends. Boyd shows how the Top 8 fea-
 ture creates all sorts of social dramas among teenagers, especially when
 friends get delisted from another friend's Top 8. There seems to be no clear
 social script for ending a friendship in this way. The teenagers she studies
 thus come up with "backstage" explanations of how they choose their Top
 8 friends in order to try and ameliorate the potential damage to face by de-
 listing someone (one such explanation offered to Boyd was that the Top 8
 choices this week were "my Sagittarius friends").

 In this type of example we see how the new material mediation of inter-
 action (the internet, and specifically MySpace's Top 8 feature) creates new
 sorts of interactional problems which interactants need to solve. In princi-
 ple the interactional difficulty is the same as if, say, a restaurant, perhaps as

 a sales ploy, built a one-way mirror so that diners could look straight into
 the backstage world of the kitchen to see their food being prepared. This
 might seem attractive to restaurant goers (and indeed is used in some
 restaurants today as a marketing gimmick), but it presents all sorts of inter-
 actional difficulties for the backstage world of kitchens. In short, a new
 material circumstance will have produced an interactional difficulty.

 Although Boyd's application of Goffinan is intriguing in terms of the
 sociology of technology, it still does not quite open the black box of how
 the technological gets negotiated. Like Goffman himself, she uses material
 and technological staging to see how interaction is performed but does not
 examine how participants might negotiate the technological choices and
 what sorts of factors constrain or enable those choices. It seems in her work

 that some independent entity - MySpace, or possibly the webmaster at
 MySpace - is making technological choices for users; the sociotechnologi-
 cal space where these negotiations occur is left unexamined.

 49. Danah Boyd, "Friends, Friendsters, and Top 8: Writing Community into Being
 on Social Network Sites," First Monday 1 1, no. 12 (December 2006), available at http://
 firstmonday.org/htbin/cgiwrap/bin/ojs/index.php/fm/article/view/ 14 1 8/ 1 336 (accessed
 14 January 2010).

 50. She draws on J. L. Austin s speech act theory to show how the term my friend
 is used in speech to signal a certain kind of relationship and not necessarily the speaker's
 "actual feelings."
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 What then would a more satisfactory application of the Goffmanesque
 style of analysis in the online world look like? A more satisfying case might
 be to examine technological choices specifically, and how they are negoti-
 ated as part of the interaction order, but this sort of work largely remains
 to be done.51

 ESSAY

 Conclusion

 I would like now to return to general issues in the sociology of technol-
 ogy. In this essay I have echoed David Edgerton's call for a move away from
 innovation-driven studies of technology to studying the mundane tech-
 nologies of everyday use. Because such technologies have become so mun-
 dane it is often hard to identify what is sociologically interesting about
 them. In order to open up the black box of the mundane world I have
 turned to the pioneering studies of Erving Goffman. I have tried to show
 that Goffman, although he does not explicitly deal with materiality and
 technology, has embedded within his studies many references to mundane
 material objects and technologies. These objects, and how they are ar-
 ranged and change, turn out to be important to the ways social interaction
 is performed or staged. If nothing else, there is something to be learned
 from Goffman in terms of how the interaction order is materially staged.

 When it comes to studying the internet, with its multitude of users, we
 are again thrown into the world of the mundane. These objects need un-
 packing, and sociologists and historians of technology are starting to do
 this. The history of computing can teach us much here about where these
 technologies come from and how they are configured.52 We can also exam-
 ine technical developments of the internet in general.53 There is no doubt
 that technical developments such as added bandwidth (e.g., asymmetric
 DSL); more CPU power, which allows more server-side computation; im-
 provements to HTML allowing content to change on a page without re-
 freshing; new data aggregation techniques, such as "tag clouds"; increased
 hard drive size; and so on have all played a role in the burgeoning develop-
 ment of so-called Web 2.0 sites.54 Certainly infrastructure studies have

 51. For an attempt to apply this sort of analysis to a Web 2.0 music site, see Trevor
 Pinch and Katherine Athansiades, "Performing Online Interaction: From Market
 Pitchers to Mashups and Moshes," unpublished paper, Cornell University, Department
 ofS&TS,2009.

 52. See for example Paul Edwards, The Closed World: Computers and the Politics of
 Discourse in Cold War America (Cambridge, Mass., 1996), and Atsushi Akera, Calculating
 a Natural World: Computers, Scientists, and Engineers during the Rise of American Cold
 War Research (Cambridge, Mass., 2008).

 53. Janet Abbate, Inventing the Internet (Cambridge, Mass., 2000).
 54. 1 am grateful to François Briatte for discussion of these issues and for his Uni-

 versity of Edinburgh unpublished paper, "The Technological Structure of Current On-
 line Networks" (2008).
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 much to offer here. But the web is a peculiar infrastructure because of the
 interactional meaning-generating capacity it offers. Approaches such as
 social construction of technology and actor network theory could examine
 these technical changes, but I think that they have a hard time dealing with
 the world of interactive meaning that the internet provides for its users.55

 My suggestion is that we need to combine the attention to technologi-
 APRIL cal artifacts, which is the strength of approaches such as actor network the-
 2010 ory and social construction of technology, with more traditional sociolog-
 VOL 51 *cal approaches like Gofrman's, which attend to the interaction order and

 the meanings which materiality and technology facilitate. I hope in this
 essay to have started to sketch out what such a Gofrmanesque sociology of
 technology might look like. Gofrman liked to end each piece of his writing
 by reminding his readers of the fragility of social life as we poor humans do

 our best to play our roles and find and negotiate our fractured selves on the
 stage of social life. That the technology of the internet seems to have made
 this human project even harder reminds us of the profound insights which
 Gofrman may still have to offer.

 55. See for instance Trevor Pinch, "Where is the Gofrman of the Internet?" paper
 presented at the Society for Social Studies of Science annual meeting in Montreal, Can-
 ada, 11 October 2007.
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 Cambridge Journal of Economics 2010, 34, 77-89
 doi: 10.1093/cje/bep044
 Advance Access publication 22 September 2009

 On making infrastructure visible: putting
 the non-humans to rights

 Trevor Pinch*

 Using the author's own experiences in local politics, the paper examines several cases
 in which pieces of mundane infrastructure are contested. The cases include eruvs,
 traffic-calming technologies, and invisible dog fences. The argument is that in contra
 distinction to abstract philosophical approaches to technology, the social construc
 tion of technology (SCOT) needs to return to the examination of the mundane
 embeddedness of technologies in everyday life. It is argued that an adequate
 approach to the role of the human and the non-human should not buy into
 a distinction between ontology and epistemology but instead should focus upon the
 contested interaction of humans and non-humans in everyday life and thereby
 restore the analysis of intentionality and meaning to its rightful place at the core of
 the sociology of technology.

 Key words: Sociology, Technology, Non-humans, Ontology, Infrastructure
 JEL classifications: A10

 "Don't ever take a fence down until you know the reason it was put up."

 - C. K. Chesterton

 1. Introduction

 I have to come clean. I am not a philosopher, neither am I a rabbi. I have recently been
 mistaken for both. But I am a president. Let me explain.

 I find myself writing here about the weighty matter of 'Ontology of Technology'. My
 earlier writings on technology (e.g., Pinch and Bjker, 1984) may have influenced
 philosophy of technology to take an 'empirical turn' (Verbeek, 2005). But, dear reader, I
 am no philosopher. Before you turn with better expectations to, say, the paper of Andy
 Feenberg, who is a real philosopher, let me give you two reasons to stay here a while longer.
 I really am a president and I really was recently mistaken for a rabbi.

 I am a very humble form of president. Unlike the US President, who commands Air
 Force One and the whole might of the US Military, I command a small non-human—a
 gavel. When I was elected president of my local housing association, the Forest Home

 Manuscript received 21 April 2008; final version received 15 June 2009.
 Address for correspondence: Department of Science and Technology Studies, 309 Rockefeller Hall, Cornell

 University, Ithaca, NY 14853, USA; email: tjp2@cornell.edu

 * Department of Science and Technology Studies, Cornell University.

 © The Author 2009.  Published by Oxford University Press on behalf of the Cambridge Political Economy Society.
 All rights reserved.
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 Improvement Association (FHIA), this little wooden mallet was ceremonially passed on
 to me at the annual meeting with some humour; this pathetic non-human signifies the
 almost impossible task the president has of controlling the unruly humans at our
 meetings. Being president of my local housing association in the hamlet of Forest Home,
 which is part of Ithaca, New York, generates more email than my job as a professor at
 Cornell University.

 2. Making visible an invisible wall

 Now let me tell you about the rabbi. At a recent meeting of the Ithaca Town Planning
 Committee, which I was attending for only the second time, I was asked whether I was the
 rabbi from Cornell University the Committee was expecting. Alas my rabbi credentials are
 even less impressive than my philosophical ones. But then the real rabbi appeared and what
 he came to tell us was extraordinary. He wanted our town to be surrounded by an invisible
 wall—a very special form of wall known in Jewish Law as an eruv (the Hebrew word for
 mixing or blending). An eruv surrounds a space with a series of symbolic gates (as to
 a temple) and enables a blending of the public and private space within. Once in existence
 this invisible wall gives the space within it special religious significance, a form of virtual
 temple, and allows Orthodox Jewish religious observances to be carried out in an easier
 way. It would permit an Orthodox Jew, say, to take property from his home that would not
 normally be allowed on the Sabbath. The example the rabbi gave, well chosen to appeal to
 our better nature no doubt, was of someone in a wheelchair who, with the help of an eruv,
 could be permitted to leave his house on the Sabbath, while strict observance would not
 allow this. There are many Orthodox Jews living in Ithaca who would benefit.

 Sitting at the meeting, I pricked up my ears. I was familiar with walls and how they figure
 in the philosophy of technology. John Searle, unquestionably a real philosopher, had once
 told a parable about walls to illustrate the difference between material boundaries and
 processes of social signification (Searle, 1995). In Searle's parable we are asked, with the
 typical armchair example beloved of by philosophers, to imagine a tribe who build a stone
 wall around their village 'big enough to keep intruders out and the tribe members in'
 (Searle, 1995, p. 39). The wall works by a physical property of walls known for an
 eternity—humans cannot pass unaided through thick, rigid, solid substances.1 Eventually
 everyone gets used to the wall and how it works. Over time the wall gradually evolves from
 being a physical barrier to being a symbolic boundary, say, a line of stones. The symbolic
 wall serves the same function as the physical wall. In short, collective processes of
 signification have replaced 'sheer physics' (Searle, 1995, p. 39). It is this collective process
 of signification in the 'construction of social reality' that Searle is most interested in.

 Real walls (and wheelchairs one might add) are much more fascinating than armchair
 walls, as became evident when the Town of Ithaca got down to considering the rabbi's
 request. The first problem is that building an invisible wall turns out to be a non-trivial
 matter. The eruv, the rabbi explained, must consist of a continuous wire around the space
 with columns hanging from it at certain fixed intervals to symbolise the gates. An immense
 stroke of good fortune is, however, on the side of the modern eruv builders. Most cities and
 towns are already surrounded by wires with columns attached to them—telephone poles
 and power lines! The rabbi pointed out that the necessary wires and poles could be cleverly
 adapted for eruv purposes. There was one problem. Jewish Law stipulates that the poles

 1 That is unless they build a door or gate, but that is another whole story in technology studies (Latour,
 1992).
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 should be placed precisely under the wires—a position to be determined exactly using laser
 measurements. Unfortunately, and as might be expected given the lack of interest of most
 upstate utility workers in Jewish law, the poles in Ithaca were not quite lined up right. An
 ingenious retrofitting of the wrongly-positioned poles with the addition of plastic housing
 columns would, however, save the day and would mean that all poles could be made to
 comply. Furthermore most citizens would never be able to tell the difference between the
 original poles and the new eruv retrofitted poles and could pass through the eruv totally
 unaware of its existence.

 The rabbi had done his homework and lined up the two key social groups to carry his
 plan forward: the two major utilities, Verizon (formerly AT&T) and NYSEG (the power
 company). After some initial resistance and after being told that the new poles would look
 identical and could be modified without any damage, these companies had agreed to
 cooperate. A contractor had been found to do the necessary retrofitting, and now the Town
 of Ithaca was being asked to sign off on the project.

 Part of the job of town planning committees is to make the normally invisible
 infrastructure of towns visible. The first issue to be addressed at any such gathering is
 money. How much will this cost? The Town Supervisor clarified with the rabbi that it
 would not cost the Town of Ithaca anything as all costs were to be born by the Cornell
 Jewish community. But members of the committee were worried about other aspects.
 Wasn't there meant to be a strict separation of church and state? The Town clerk had
 diligently gone online and circulated a case of a eruv in Palo Alto, which had been opposed
 on exactly these grounds. 'What if a less benign religious group wanted to nail crosses to
 every telephone pole in Ithaca?', asked one member of the committee, who prefaced his
 remarks by stating that he had been brought up Jewish and 'to be frank I find the whole idea
 of a eruv silly'. The rabbi had his reply ready. He understood where the criticism was
 coming from but the eruv demanded no precedent because it was simply allowing religious
 people to do what secular people did all the time—such as cavort around Ithaca in their
 wheelchairs. In short it permitted something secular to happen rather than prescribing
 something as religious.

 The Town lawyer then spoke. She had researched other cases and felt that the town
 could maintain its discretion in the future to ban any less benign walls. But members of the
 planning committee still felt uncomfortable because the request came from a specific
 religious group with a specific religious purpose in mind. The discussion wandered over
 the exact wording of the request and whether other religious groups would tolerate the
 wall. The lawyer questioned whether the wall would break local signage ordinances—Ithaca
 has strict rules about signs being posted on telephone poles and this looked like a sign. No,
 argued the rabbi, it was not a sign because it was invisible to most people. The lawyer came
 back: the definition of a sign is something that conveys information and since the wall will
 convey information to some people it could potentially be a sign. The committee decided
 further investigation was required. Someone whispered in my ear after the rabbi had left: 'If
 God was really omnipotent he wouldn't be fooled by this fake wall anyway!'. The last word,
 as always, was with God.

 In the ten-minute discussion the Planning Committee had ranged over some of the most
 salient issues in technology studies. The real wall was actually far more interesting than
 Searle's armchair wall. For one thing it demonstrated that technologies carry no intrinsic
 meanings. Their meanings are always to be found amongst social groups who interact with
 the technology and share a meaning of the technology (Pinch and Bijker, 1984; Bijker,
 1995). Most people share the meaning of poles and wires as carriers of part of our
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 technological infrastructure—power lines and telephone lines. Now a new meaning of the
 poles and wires was being asserted—that they also carried religious significance. This
 meaning was shared amongst a specific social group, namely Orthodox Jews.
 This case is interesting because the new meaning does not challenge the predominant

 meaning as with more familiar cases where there is a struggle over a technology and one
 meaning wins out. A familiar example of this type is the transition in the history of the
 bicycle from the high-wheeled ordinaries to the safety bicycle (Pinch and Bijker, 1984;
 Bijker, 1995). There the 'interpretative flexibility' [taken over from the sociology of science
 where the term describes interpretative battles over scientific facts (Collins, 1992 [1985];
 Pinch, 1986)] associated with the high-wheel bicycle (namely contested meanings)
 amongst different social groups soon vanishes. In the case of the eruv the two meanings
 of the wires and pipes could coexist together, albeit with some expensive modifications to
 the existing infrastructure.

 This points to another important set of issues in technology studies to do with
 infrastructure. Most new infrastructure is built upon older preexisting infrastructure
 (Bowker and Star, 1999; Star, 1999). The role of older technologies coexisting with new
 technologies is gaining increasing attention amongst historians of technology (Edgerton,
 2006). This is all part of the move within technology studies from an innovation-centred to
 a use-centred account. The fascinating thing about the eruv case is that it piggy backs upon
 a comparatively new infrastructure to establish a very old meaning. Also it further reaffirms
 the importance of new meanings of technology being created by users. Scholars in
 technology studies argue today that the key to understanding technology is to understand
 use and users and how users are 'scripted' or 'configured' with technologies and how in
 some circumstances users can act as 'agents of technological change' and 'repurpose'
 technologies for completely new uses (Akrich, 1992; Faulkner and Runde, 2009; Kline and
 Pinch, 1996; Oudshoorn and Pinch, 2003; von Hippel, 1988; Woolgar, 1991). The rabbi
 and his fellow users had imaginatively developed a new use for an old technology.1

 In the case of the eruv it is important to note that, although the meaning of the
 technology is mainly symbolic, materiality is involved. The wires and pipes need to be
 precisely aligned. In short 'religious functionality' requires its own non-trivial material
 alignment.2 Measuring each pole with laser equipment and retrofitting if necessary is
 a huge investment in time, technique and money. This is what is missing from Searle's
 discussion of walls. For Searle the 'brute physics' of the wall and acts of signification are
 analytically separated. The deep insight of recent social studies of technology is to show
 that signification and materiality always form an interactive process (Bijker et al., 1987;
 Latour, 1987; MacKenzie, 1993). Furthermore technologies and their meanings do not
 exist detached from the rest of society, its institutions, culture and the vast assemblages of
 technologies and humans we have already built. This point is nicely illustrated by the
 Planning Committee's discussion, which ranged over economy, law, religion and the
 nature of signifiers.

 The fate of the new addition to Jewish infrastructure lies in the balance and lies, in the
 end, with the very human powers of the Town Planning Committee to decide whether to
 approve the project. This case also tells us something about the neglected politics of

 1 Or one could equally say an 'old' use for a 'new' technology.
 2 Which technologies can be used on the Sabbath and exactly how and in what form are closely debated in

 Orthodox circles. The pros and cons of new technologies designed specifically for the Sabbath (that, for
 instance, offer computer control of mechanical actions not permitted by humans) are also much debated (see
 Woodruff etal., 2007).
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 technology. Often analysts look for the politics of technology in big issues such as racist
 bridges, or authoritarian states built around nuclear power stations (Winner, 1999) or the
 megamachines of modernity (Mumford, 1934). But there are politics too in our everyday
 interaction with the infrastructure and material fabric of life. In most communities it is

 entities like planning committees that make these issues visible, and which decide on which
 infrastructure to maintain and which to change, and where these politics are played out
 (Bijker and Bijsterveld, 2000).1

 I should mention one last thing about the eruv. When I got home I skyped my wife who is
 a sociologist currently in Israel studying the 'Separation Barrier' being built in the Middle
 East. She was surprised to hear about the prospective eruv in Ithaca, and even more
 surprised that I would sit there at the meeting taking notes for an academic paper rather
 than opposing this political wall that served conservative religious sentiments. Her own
 experiences of living in a country where Jewish Law dictates so many aspects of everyday
 life had given her a renewed dedication to the firm principle of the separation of church and
 state. A new meaning of the eruv and my actions was about to be scripted.

 3. Non-humans and the social studies of technology

 It might be argued that the above case, although interesting, is rather atypical for
 technologies because it deals with a form of what I have called 'religious functionality'. In
 other words, the ability of the eruv to affect people directly is a matter of whether you
 believe in the powers of God and what sort of God. But there are many cases discussed at
 forums such as planning committees where the powers ascribed to the technologies at stake
 are straightforwardly accepted as having a direct impact on people (as we shall see below).
 Indeed most, if not all, technologies have material consequences for human activities. The
 desk I am using prevents my computer falling to the floor, the smooth asphalt road enables
 my bicycle to go faster, the appalling potholes in the roads around Ithaca force my car (and
 me) to go slower.

 The most controversial issue in technology studies today, and indeed a foundational
 issue for the ontology of technology, is how analytically to deal with these effects of non
 humans upon humans. Some approaches, such as advocated by Bruno Latour (1992) and
 Peter-Paul Verbeek (2005), argue for symmetry between humans and non-humans. In
 other words for analytical purposes the humans and non-humans are to be treated as
 equivalent.2 The impetus for this sort of work is to move 'beyond' the social shaping or
 social construction of technology by humans and to take account of the effects of
 technology on social formations. I have no problem with new social groups coming into
 existence with new technologies. Obviously social groups are not stable for ever and new
 ones have to emerge from something. For example, in studying the history and social
 construction of the electronic music synthesiser—a whole new class of instruments that
 start to appear in 1964—all sorts of new social groups including synthesiser players,
 manufacturers and salesmen come into existence (Pinch and Trocco, 2002). The

 1 The contested nature of eruv in other planning committees can be gleamed from a web search, e.g. http://
 www.eruv.net/. Eruv is interestingly contested within Israel where in Jerusalem (which is surrounded by eruv
 poles) secular Jews fight the powers of the religious Jews who try to encircle specific communities with
 a localised eruv in case the outer eruv is breached or damaged. Secular Jews worry about the takeover of their
 communities by the orthodox Jews and pull down the eruv poles and oppose the eruv on grounds of safety and
 aesthetics. See, for instance, Madzini (2009).

 2 The general issues around Latour's work for science studies have been much debated before. See Collins
 and Yearley (1992), Callon and Latour (1992), Bloor (1999) and Latour (1999).
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 psychedelic movement of the 1960s is also partly shaped by the synthesiser, which allows
 the exploration of new washes of sound, unusual timbres, spacey effects and so on. The
 mutual interaction between social groups and technologies such as with the formation of
 a new social group around a new technology does not, however, necessarily lead to the
 more radical position that humans and non-humans are equivalent or that every effect of
 technology on humans needs to be brought into the analysis. Indeed, I will argue below
 that approaches which call for the symmetry of humans and non-humans miss the more
 important issue, which is to think about how and under what circumstances non-humans
 and their impact are made visible in the first place. Let us now go into these arguments in
 more depth.
 Peter-Paul Verbeek (2005), in calling for a new postphenomenological philosophy of

 technology, dismisses the approach towards technology and meaning outlined above
 (known as Social Construction of Technology, or SCOT). He says this approach ignores
 the effects of technology on humans. He gives the example of how a microwave oven—a
 non-human device—has transformed eating. He writes: 'the factors that determine
 whether human beings take their meals together include not just human beings but the
 microwave,itself. Reducing technology to social interactions fails to do justice to the active
 role played by technologies themselves' (Verbeek, 2005, p. 102).
 The phrase 'reducing technology to social interactions' mischaracterises SCOT. The

 SCOT approach is a way of understanding technological development that emphasises the
 role played by social groups. It does not claim that there are no effects or impacts of
 technologies upon humans. It would have been very strange indeed if Bijker and I could
 have said anything at all interesting about bicycles and their history if we ignored the effects
 of non-humans on humans. Clearly bicycles depend on roads (non-humans) and being
 able to steer your bicycle around a bend is an example of a human responding to a non
 human—a bend in the road. If you think of the non-human effects in even describing how
 a bicycle works there are clearly many: the frame must be rigid enough to support riders;
 the handle bars must turn freely such that riders can not only steer but also react to bumps
 on the road; the chain must be tight enough to enable a hill to impact on riders such that
 they feel the need to pump their legs harder; the tyres must be inflated and of the correct
 material to lessen impacts of bumps in the road and so on. Add in all the laws of physics and
 balance so that upright riding can be maintained under different conditions and you have
 vast numbers of non-human effects. In writing about the bicycle Bijker and I were, of
 course, quite aware of the many ways that bicycles, roads, and so on, impact humans. We
 saw no need to lay stress on such effects, but neither does our form of analysis deny such
 effects. Rather our analysis is selective in the aspects of the non-human world it chooses to
 focus upon.

 There is an enormous amount of stability in how the non-human world impacts upon
 humans, which is shared across all social groups.1 Walls impact humans but no one
 seriously thinks this always needs to be stated, unless you are analysing new architectural
 practices or an earthquake. Likewise, in the analysis of the bicycle all cyclists whether
 'young men of means of nerve' or elderly men or women respond to non-humans, namely
 roads, every time a bend is taken. Sometimes, though, in the development of a technology,
 what goes on in the non-human world becomes much more visible as engineers and others
 contest the exact properties and performance of the non-humans. Such contested

 1 One way of talking about material effects is through the language of 'affordances'. For an attempt to
 develop a social constructivist account of affordances see David and Pinch (2008).
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 meanings of the non-humans and their attributes are exactly what SCOT tries to make
 visible. In the bicycle example we showed that air under pressure can be a problem for tyre
 construction and this directly affects the adoption of the new safety bicycle; we discuss the
 impact of roads upon bodies directly as in 'doing a header'; we show that bicycles with big
 wheels go faster and this leads to developments of extraordinarily large-wheel bicycles like
 the Rudge Ordinary, and so on (Pinch and Bijker, 1984). In other words, we have
 a methodology for making certain non-humans visible. If the non-humans are relevant to
 social groups then they are relevant to the analysis.

 If there are indeed many effects of a technology on humans why settle on just one social
 effect of the microwave as Verbeek does—that eating patterns may change? The number of
 potential effects of the microwave upon humans is enormous: it uses power you pay for, it
 uses part of your hard-earned cash when you buy one, you can start a fire unintentionally if
 you forget to remove the silver foil around the food being microwaved, it can lead to
 domestic fights over the role of new technology in the kitchen, it makes an unpleasant
 humming noise, it takes up space where other appliances might go, it allows you to reheat
 your kid's school snack much faster, it requires you to own more plastic containers, it
 enables many restaurants to stay in business and it boosts sales of deep freezes. Then think
 in detail how it impacts the different sorts of food we cook—it allows you to cook baked
 potatoes faster, is wonderful for popcorn, reheats a mug of coffee quickly (but
 unfortunately also burns your hand on the mug), destroys croissants, is OK to defrost
 frozen bagels with, and so on. The list is vast, and food is such an important part of social
 life that its cooking (perhaps also invisible work in some households) affects humans on
 a daily basis. So why pick out just one effect on humans and make this the crucial one? How
 do we know which non-human effect to focus attention upon?

 4. The cobbled shoulder

 Let us now examine a much more famous example in technology studies—the sleeping
 policeman or speed bumps introduced by Latour (1992). Again we will turn away from the
 armchair to a real example. The Forest Home Improvement Association, as it name
 suggests, is in the business of making improvements. One of the improvements we are
 trying to make in our little hamlet is to deal with one of the pressing problems of modern
 life—traffic. The traffic problem we face in Forest Home comes from living next to what we
 call the Big Bear—Cornell University. With an income bigger than many nations, Cornell
 is by far the biggest employer in the area. As professors, staff and students from the
 surrounding area join the fevered daily rush to and from work, they also rush through our
 hamlet threatening our air quality and our safety. If only we could calm them down! After
 seven years of taking data, modelling, meetings, consultations with relevant stake holders
 and so on we have developed no less than a plan to calm the cars, buses and trucks on our
 roads. The Forest Home Traffic Calming Plan, as it is called, is currently being considered
 by the Town of Ithaca and it is my job as president to lead these negotiations.

 The best way to calm traffic, as Bruno Latour knows only too well, is to use non-humans.
 Mid-block 'speed tables' (which differ in subtle ways from 'speed bumps' and 'sleeping
 policeman', but which work on the same sorts of principles) and 'entrance features' are the
 main tools at our disposal. The mid-block speed tables are sections of gently ramped raised
 road placed in the middle of a straight length of road ('mid-block'). The motorists
 encounter the ramps leading to the raised section of road and slow down because they fear
 damaging their cars. The entrance features are a narrowing of the road accompanied by
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 some recognisable 'historic' features (e.g. stone pedestals with lampposts) so that drivers
 know they are entering our specially designated 'historic' hamlet. The entrance features,
 recommended to us by our traffic calming consultant (a leading US authority on such
 matters), are a much debated part of the plan. They are expensive and residents wonder
 whether they really will work—in other words speed tables that directly impact motorists
 give better 'bang for the buck' and are likely to be more reliable and effective in calming
 traffic than the largely symbolic entrance features. The debate over entrance features,
 however, has recently been resolved by the availability of economic stimulus funding (in
 response to the credit crisis), which enables us to pay for both speed tables and entrance
 features. Lucre in sufficient quantities can go a long way to resolve some infrastructural
 issues.

 Where our community is really divided, however, is over 'cobbled shoulders'. I have
 more email in my inbox pro and con cobbled shoulders than anything else to do with the
 traffic plan. The shoulder is the section of road between the sidewalk and the main road.
 The idea is to keep cars away from the sidewalk and pedestrians. But then, citizens ask,
 where will the cyclists go? Our neighbourhood is full of cyclists and many ride through it on
 their way to work. Suddenly with all the talk of 'sustainability' in the air the bicycle on the
 ground has achieved a new prominence in traffic planning. But there is a big constraint on
 our tiny hamlet and its narrow streets—lack of space. Our already narrow roads and
 crammed together houses have no room for Dutch or Danish style specially-designated
 bicycle paths. The bicycles will have to share the road with the rest of the traffic. It is ugly.

 But how can they best do this in safety? Our traffic consultant tells us that most serious
 bicycle accidents are caused by cyclists leaving bicycle lanes placed on the right of roads to
 turn left across the path of the traffic. It is actually safer, the argument goes, for the cyclists
 to ride in the newly calmed traffic. But how do you prevent cyclists riding in the shoulder
 (which, for them, seems like the next best thing to a bicycle path)? The answer our plan
 calls for is to make the shoulder of a specially textured material (cobbled stone), which will
 give the cyclists a 'buzz' that is sufficiently uncomfortable that it will force them to ride in
 the main road. Cyclists are unhappy, for this is to assume that the traffic is already
 sufficiently calmed that they can ride in safety. Supposing the cars get that fever again and
 speed up between the speed tables? As one cyclist put it at a recent meeting, 'It sounds as if
 you want to use cyclists as speed bumps!'. Parents worry about children on their bicycles
 who will not feel confident enough to ride in traffic. The proponents of cobbled shoulders
 point out that the cobbled material itself is not a safety issue and that in emergencies
 cyclists can ride on the shoulder—it will just be uncomfortable.

 This is real technological politics in action. Our community is divided over 'cobbled
 shoulders'. Neighbours threaten to no longer talk to each other, and allegations of ill-will
 are in the air. The poor president must use all his good humour and negotiating skills to
 bring about compromises.

 The problem we face is a classic but neglected one (Edgerton, 2006)—how do older
 technologies, bicycles, fit in with newer systems with greater capacities such as cars? A
 pertinent example is from shipping. Sailing boats, which are obviously less manoeuverable
 and speedy than the more modern motorised boats, in most circumstances have the right of
 way over power boats on rivers and the high seas (although it would be a foolish sailor who
 relied on this when a tanker is bearing down upon her boat!). Even if not sanctioned by law,
 custom also plays an important part in dealing with how the old and new coexist. Thus, to
 this day it is customary when driving in the countryside to slow down your motor vehicle
 when passing a horse. These laws, rules and customs change depending on how well
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 entrenched the new and the old technologies are or become. Early on when the horse and
 carriage system was changing to the motor car system it was usual for cars to be accompanied
 by someone waving a flag to warn horses and pedestrians of the approaching car.

 But the law is hard to enforce and speed signs can, as Latour points out, be replaced by
 physical technologies such as speed bumps that 'force' cars to slow down. Latour talks
 about this as a process of delegating to non-humans a form of morality formally carried out
 by humans. The sign 'Slow down' is replaced by the speed bump, which does the job more
 reliably. But all that is at stake is the point known since the dawn of eternity that non
 humans can directly impact humans—try walking into a wall. The only little twist in the
 speed bump example is that the interaction with the non-human is mediated by another
 non-human—the car—which the human will want to avoid getting damaged or risk an
 accident (the economic incentive to save your car from an expensive repair and safety here
 combine). The decision to slow down is of course made by the human and even if that
 decision were delegated to a machine (say a special detector on the car that notices a speed
 bump approaching) it will still be a human who has programmed the machine and made
 the decision to tell the car to slow down. People understand this all too well. They also
 understand that material technologies are better at getting people to slow down than
 symbolic ones. Thus they are suspicious of the soft argument about motorists attending to
 the signs designating the 'historic' nature of our hamlet and thereby respectfully slowing
 down. Won't today's young men and women of means and nerve, namely students, simply
 see this as a reason to drive faster with their expensive SUVs and further shock the old
 professors living there?

 The case of the cobbled shoulder is even more interesting. Again it is the use of a non
 human—the textured material—which is used to do the 'forcing'. But this material has
 become visible because in this case people want to resist the forcing aspect of the
 technology because for them it does not obviously increase safety. Indeed for some users it
 may make the roads more dangerous. The way to think about this issue is to realise that
 'forcing', 'guiding', 'steering' and so on is being done to us all the time by non-humans but
 for the most part goes unnoticed. Every time you walk on the pavement you are being
 'guided' by the non-humans that make up its physical structure. Every time you drive your
 car, take a bend in the road, avoid a pothole and so on non-humans are constraining what
 you do. Normally this role played by the non-humans is so taken for granted it is invisible.
 Think about driving your car or bicycle round a bend in the road. Perhaps you have
 a desire or intention to get from A to B quicker by following a straight line and ignoring the
 bend. What keeps you on the road is just like the speed bump—the fear of damaging your
 vehicle.

 The issue of delegation is one that we now need to address. Talk of delegation mystifies
 the issue unnecessarily. Delegation of morality depends upon imputing a form of
 intentionality—which is always tricky. In Latour's analysis the intention, to get cars to
 slow down, is delegated to the speed bumps. The example seems convincing because the
 intention is first spelt out in a sign—'Slow Down'—that has now been replaced by a non
 human—the speed bump. But let us take an example that works the other way—where
 a sign replaces a non-human. Consider the case of the 'invisible fence', which many people
 use these days around their properties to control their dogs. A buried wire and special dog
 collar will trigger an audible warning signal followed by an electric shock as the dog gets
 nearer and nearer the now invisible fence. My neighbour has installed such a device
 enabling him to replace his old wooden fence. On the ground between our properties he
 erected a warning sign that says 'Invisible Fence'. It is as if non-human action was not
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 strong enough alone and needed to be accompanied by weak signification to fully
 accomplish the job the old fence did.
 At first I was puzzled by this sign; why did I need to know that an invisible fence was

 present? Was it a satirical joke? Instead of telling humans 'Beware of the Dog' it was
 perhaps telling the dog 'Beware of the Fence'! Then I thought some more. One of the
 advantages of the new invisible fence that replaced the old wooden one was that it opened
 up my neighbour's property so that my kids and his could now play unimpeded. But this
 introduced a new problem; his dog now was clearly visible (and audible) as she barked at
 passing strangers. What if the strangers did not realise there was an invisible fence keeping
 them safe from the dog? Because the new fence is invisible to human senses (not to the
 dog's of course) an old-fashioned sign is needed, perhaps to help reassure everyone that
 the dog owner is not being negligent and that the dog really is under control. If this is the
 case it points to the important signification work that the old wooden fence did in telling
 people that the dog was under control. But then why should my neighbour care about
 what strangers might think? Perhaps there is a legal or insurance stipulation that advises
 invisible fence owners to display a sign to prevent themselves getting sued from passers-by
 suffering heart attacks at the sight of an unrestrained dog? In this case rather than morality
 it is prudence and compliance with the law that is the intent behind the sign. The more
 I thought about and investigated this case, the more complex it became to infer what, if
 any, the intentionality in the sign was. Someone told me that the sign was merely an
 advertisement for the Invisible Fence Company, even though the Invisible Fence
 Company itself proclaims at its website that the sign is to be erected to alert people
 that the dog actually is under control. Another person who had erected the sign assured
 me that it was needed during the training phase where smaller flags marked the hidden
 wire and that neighbours would worry about what these smaller flags meant. In other
 words it was a sign about other signs that in turn served some doggy signification purpose.
 What if I bought in another hidden actor as Donna Haraway (2003) would want me
 to do—the dog. Suppose my neighbour's dog was a cute little chihuaha as opposed to
 a snarling Rotweiller? That too would change how the sign could be read and my actions
 in attending to it.

 Depending on how the sign was read different effects would follow. It could mean more
 revenue to the Invisible Fence Company, it could mean the difference between a heart
 attack or not, it could mean making a complicated risk calculation depending on the size of
 the dog, the state of its training, and so on.

 Think about this example in terms of delegation. Is a human delegating an intention first
 to the wooden fence, then to the invisible fence and then to a sign? What does it mean for
 a non-human to delegate to a sign? And which particular intention is being delegated? And
 even if we are to accept some sort of postphenomenological ontology of technology
 whereby humans and non-humans both do delegation (not to mention dogs and cats),1 we
 cannot escape from the problem that reading intentionality into the sign depends on
 humans.2 There is of course no straightforward meaning of signs—as the Ithaca Town
 Planning Committee reminds us. The irony is that while the Planning Committee debates
 whether or not an invisible fence is really a sign, we debate what the sign 'Invisible fence'
 means! There is no escape from the contested world of human signification.

 1 The complex agency that can be read into a catflap is investigated by Ashmore (1993).
 2 Verbeek (2005) advocates such a position and criticises Latour for his tendency to do only one-way

 delegation (from humans to non-humans) and not be fully symmetrical.
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 Even if we buy into the notion of delegation from humans to non-humans we run into
 the problem that such delegation is everywhere. The delegation/intentionality argument
 can be made, in principle, every time that a purposely built non-human artefact 'forces'
 a human to do something. Think of all the myriad bends the road takes. We can say the
 road engineers constructed that bend there intentionally and that they delegated their
 intention to the non-human bank of the road, and so on. Now it may be argued that the
 bend in the road involves no intentionality on the part of the designers because they are just
 following the natural terrain of an encroaching hill. But there is no 'natural' in road
 building. We just have to be reminded of how Napoleon III rebuilt Paris in the 1850s at
 huge cost so as to maintain straight boulevards. Hills were tunnelled through and buildings
 raised and lowered to ensure that the road was straight.1 In other words a road builder who
 opts for a curve can be said to have intentionally avoided the straight option and delegated
 this intent to the bend in the road. The road itself, in that it supports the car, can be
 thought of as a delegation by the road designer to the road to support cars. But with this
 way of thinking delegation quickly becomes trivial because it is happening nearly
 everywhere all the time.

 The beauty of the cobbled shoulder example is that it makes visible or audible2 part of
 the vast, normally invisible, world of non-humans we live with. In this case the human
 contestation makes visible what is at stake because humans do not want to accept the
 'forcing' aspect of the non-humans. Now suppose the cobbled shoulder advocates win the
 debate. In years to come the cobbled shoulder will again become invisible (except to those
 cyclists who curse it)—another aspect of our infrastructure of roads. It will not be realised
 that the non-human forcing comes from a human decision made many years earlier. Latour
 and Verbeek, and others who advocate an ontological turn, need a means of sifting through
 all the myriad non-humans and their countless interactions with humans so that we can see
 the significant choices made by humans. It is returning to the politics of technology and the
 forums in which they are manifest which reminds us of how this can be done.

 In summary, there is no ontology without epistemology or rather where there appears to
 be so it is humans who have achieved the split. Intentionality can only be determined in
 context. The job of the sociologist of technology is to try and recover that intentionality and
 in a non-human saturated world we need some sort of methodological guidance as to which
 non-humans to focus upon.

 When the non-humans are contested such as at planning meetings and the like the
 participants do a form of SCOT analysis for us. In SCOT we are the opposite of magicians
 who make things and people disappear. Our goal is to make things and the humans who
 interact with them reappear. The citizens of my hamlet remind us about the non-humans
 we need to focus upon. It is in this carrying out of the mundane politics of infrastructure
 where the non-humans are finally put to right.

 1 I am grateful to discussion with Park Doing and Peter Dear over this point. On Parisian road-building see
 Pinkney (1958).

 2 My friends in sound studies will notice the overuse of visual metaphors in this paper. Listening for the
 buzz of the cobbled stones and the crunch of your suspension on the speed tables, is an alternative way of
 conceptualising the same problems through another sense.
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Feminist theories of technology
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Feminist theories of technology have come a long way over the last quarter of
a century. The expanding engagement at the intersection of feminist scholarship and
science and technology studies (STS) has enriched both fields immeasurably, and I
will largely focus my reflections on the literature associated with these sites. I begin
by highlighting the continuities as well as the differences between contemporary and
earlier feminist debates on technology. Current approaches focus on the mutual
shaping of gender and technology, in which technology is conceptualised as both
a source and consequence of gender relations. In avoiding both technological
determinism and gender essentialism, such theories emphasise that the gender-
technology relationship is fluid and situated. These deliberations highlight how
processes of technical change can influence gender power relations. A feminist
politics of technology is thus key to achieving gender equality.

Key words: Gender, Technology, Power
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1. Introduction

This article provides an overview of the various approaches to conceptualising the link

between gender and technology, both past and present. In turning to this task, I should

emphasise that feminist discussions have always taken diverse and overlapping forms.

While standard accounts of feminist thought tend to present liberal, socialist and post-

modern feminisms as distinct perspectives, in reality they did not develop as independent

strands or in a simple chronological order. Moreover, like the field of science and
technology studies (STS), feminist scholarship works across disciplines and is organised

around core interests and problems resulting in a heterodox body of work. For our

purposes here, I will, of necessity, present the different strands rather schematically in

order to highlight their contrasting perspectives. However, what should emerge from this

overview is an understanding of their interconnectedness, and the shared concern between

earlier and more recent ‘technofeminist’ theories to interrogate the gender power relations

of the material world (Wajcman, 2004).

I will begin by looking at how a feminist perspective shifts our understanding of what
technology is, broadening the concept to include not only artefacts but also the cultures

and practices associated with technologies. I then outline some early approaches that
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emphasised the role of technology in reproducing patriarchy, contrasting this with more

recent cyberfeminist writings that see digital and biomedical technologies as offering

possibilities for destabilising conventional gender differences. The essay will then examine

the exciting body of work that has burgeoned at the intersection of feminist scholarship and

STS over the past few decades. Such approaches focus on the mutual shaping of gender

and technology, where there is no presumption that either gender or technology are pre-
existing or that the relationship between them immutable. The resulting literature is

generally more critical of technoscience than its forerunners while at the same time being

aware of its potential to open up new gender dynamics.

2. Technology as culture

What role does technology play in embedding gender power relations? Let us begin with

the traditional conception of what technology is taken to be. On this view technology tends

to be thought of in terms of industrial machinery and military weapons, the tools of work

and war, overlooking other technologies that affect most aspects of everyday life. The very

definition of technology, in other words, is cast in terms of male activities.

An initial challenge for feminists was to demonstrate that the enduring identification

between technology and manliness is not inherent in biological sex difference. Feminist

scholars have demonstrated how the binary oppositions in Western culture, between
culture and nature, reason and emotion, hard and soft, have privileged masculinity over

femininity (Harding, 1986). The taken-for-granted association of men and machines is the

result of the historical and cultural construction of gender. Similarly, the standard

conceptions of innovation, production and work have been the subject of scrutiny. Just

as feminist economists have redefined the discipline of economics to take account of

unpaid domestic and caring work (Folbre, 2001; Himmelweit, 2003), so too feminist

scholars of STS have argued for the significance of everyday life technologies (Cowan,

1976; Stanley, 1995). A revaluing of cooking, childcare and communication technologies
immediately disrupts the cultural stereotype of women as technically incompetent or

invisible in technical spheres.

It is salutary to be reminded that it was only with the formation of engineering as a white,

male middle-class profession that ‘male machines rather than female fabrics’ became the

markers of technology (Oldenziel, 1999). During the late nineteenth century, mechanical

and civil engineering increasingly came to define what technology is, diminishing the

significance of both artefacts and forms of knowledge associated with women. This was the

result of the rise of engineers as an elite with exclusive rights to technical expertise.
Crucially, it involved the creation of a male professional identity, based on educational

qualifications and the promise of managerial positions, sharply distinguished from shop-

floor engineering and blue-collar workers. It also involved an ideal of manliness,

characterised by the cultivation of bodily prowess and individual achievement. At the

same time, femininity was being reinterpreted as incompatible with technological pursuits.

It was during and through this process that the term ‘technology’ took on its modern

meaning. The legacy is our taken-for-granted association of technology with men.

In common with mainstream STS, feminist writing has long identified the ways in which
socio-technical relations are manifest not only in physical objects and institutions but also

in symbols, language and identities (McNeil, 2007). Scientific facts and technological

artefacts are treated as simultaneously semiotic and material. Such a broad notion of

science and technology (technoscience) as a culture or ‘material-semiotic practice’ enables
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us to understand how our relationship to technology is integral to the constitution of

subjectivity for both sexes (Haraway, 1997). To continue with the example of engineering

for a moment, here we see a classic case of an archetypal masculine culture, where mastery

over technology is a source of both pleasure and power for the predominantly male

profession (Faulkner and Lohan, 2004; Hacker, 1989). Such images resonate with the

world of computer hackers at MIT described by Sherry Turkle (1984, p. 216): ‘though

hackers would deny that theirs is a macho culture, the preoccupation with winning and of

subjecting oneself to increasingly violent tests make their world peculiarly male in spirit,

peculiarly unfriendly to women’.

This is not to say that all women reject ‘geek culture’, nor that computer science is

universally coded as masculine. In Malaysia, for example, women are well represented

among computer science students (Lagesen, 2008). Sexual ideologies are remarkably

diverse and fluid, and for some men technical expertise may be as much about their lack of

power as the realisation of it. However, in contemporary Western society, the hegemonic

form of masculinity is still strongly associated with technical prowess and power (Wajcman,

1991). Different childhood exposure to technology, the prevalence of different role

models, different forms of schooling, and the extreme gender segregation of the job

market all lead to what Cockburn (1983, p. 203) describes as ‘the construction of men as

strong, manually able and technologically endowed, and women as physically and

technically incompetent’. Entering technical domains therefore requires women to

sacrifice major aspects of their feminine identity.

Notwithstanding the recurring rhetoric about women’s opportunities in the new

knowledge economy, men continue to dominate technical work. Women’s employment

in the information technology, electronics and communications (ITEC) sector is much

lower than their participation in the workforce generally, and it is declining in most

industrialised countries. In the UK, for example, fewer than one in five ITEC professionals

and managers are female and this figure is even lower in IT strategy and software

development roles (Evans et al., 2007). This is consistent with the findings of the 2006

Skills Survey which found that men are more likely than women to be found in jobs that

involve complex and advanced computer or computerised equipment use and ‘this gender

imbalance has changed little between 1997 and 2006 (Felstead et al., 2007, p. xii).1 These

sexual divisions in the labour market are proving intransigent and mean that women are

largely excluded from the processes of technical design that shape the world we live in—a

point to which I return below.

Labour market economists tend to explain such sex segregation in terms of differences in

human capital, domestic responsibilities that fall disproportionately on women, and

employment discrimination (Becker, 1991). In this framework, remedying the ‘gender

deficit’ is seen as a problem that can be overcome by a combination of different

socialisation processes and equal opportunity policies. The strengths and limitations of

equal employment opportunity policies have been much debated in recent decades

(Bacchi, 1996; Herman andWebster, 2007;Wyatt et al., 2000). Feminists have pointed out

that the problem does not lie with women (their socialisation, their aspirations and values)

and that we need to address the broader questions of whether and in what way

technoscience and its institutions can be reshaped to accommodate women. Such critiques

1 This is also reflected in the gender pay gap in London, the highest in Britain as a result of the dominance
of the finance sector that targets graduates in mathematics, science and engineering (Greater London
Authority, Closing the Gap, 2008)
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emphasise that, in addition to gender structures and stereotyping, engrained cultures of

masculinity are still ubiquitous within these industries, causing many young women to

reject careers and older women to leave the field. This is fundamentally because women are

being asked to exchange major aspects of their gender identity for a masculine version,

whilst there is no similar ‘degendering’ process prescribed for men.

3. Technology as gendered

Recognising the complexity of the relationship between women and technology, by the

1980s feminists were exploring the gendered character of technology itself. In Sandra

Harding’s (1986, p. 29) words, feminist criticisms of science evolved from asking the

‘woman question’ in science to asking the more radical ‘science question’ in feminism.

Rather than asking how women can be more equitably treated within and by science, the

question became how a science apparently so deeply involved in distinctively masculine

projects can possibly be used for emancipatory ends. Similarly, feminist analyses of

technology were shifting from women’s access to technology to examining the very

processes by which technology is developed and used, as well as those by which gender is

constituted. Both socialist and radical feminisms began to analyse the gendered nature of

technical expertise, and put the spotlight on artefacts themselves. The social factors that

shape different technologies came under scrutiny, especially the way technology reflects

gender divisions and inequalities. The problem was not only men’s monopoly of

technology, but also the way gender is embedded in technology itself.

For radical feminism, women and men are fundamentally different and women’s power,

women’s culture and women’s pleasure are regarded as having been systematically

controlled and dominated by men, operating through patriarchal institutions like medicine

and militarism. Western technology, like science, is deeply implicated in this masculine

project of the domination and control of women and nature. This approach has been

particularly influential in relation to the technologies of human biological reproduction

(Corea et al., 1985; Spallone and Steinberg, 1987). It is fuelled by the perception that the

processes of pregnancy and childbirth are directed and controlled by ever more

sophisticated and intrusive technologies. Radical feminists’ strong opposition to the

development of the new reproductive technologies (such as in-vitro fertilisation) during the
1980s reflected fears of patriarchal exploitation of women’s bodies. There was a call for

new technology based on female rather than male values.

These approaches took the debate about gender and technology beyond the use/abuse

model, focusing on the political qualities of technology. Where liberal feminism sees the

problem in terms of male control of neutral technologies, radical feminists argued that

gender power relations are embedded more deeply within technoscience. This was also

a forceful assertion of women’s interests and needs as being different from men’s and

highlighted the way in which women are not always well served by current technologies.

However, in representing women as inherently nurturing and pacifist, it tended to reinforce

an essentialist view of sex difference. The historical and cultural specificity of our modern

understanding of women as being radically other than men was overlooked (Merchant,

1980). Too often the result was a pessimistic portrayal of women as victims of patriarchal

technoscience.

While radical feminism focused on women’s bodies and sexuality, the core concern of

socialist feminism was the relationship between women’s work and technology. Like many

of my feminist contemporaries, I came to gender and technology studies from having been
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immersed in the 1970s’Marxist labour process debates about the technology of production.

This literature provided a compelling critique of technological determinism, arguing that,

far from being an autonomous force, technology itself is crucially affected by the

antagonistic class relations of production. Technological revolution was understood to be

a trait of capital accumulation processes. The socialist feminist approach began by revealing

that the division of labour was also a sexual hierarchy, and that its gendered nature was not

incidental. A crucial historical perspective was brought to bear on the analysis of men’s

monopoly of technology. Extensive research demonstrated that women’s exclusion from

technology was as a consequence of the male domination of skilled trades that developed

during the Industrial Revolution (Bradley, 1989; Cockburn, 1983; Milkman, 1987).

Socialist feminist frameworks, then, saw masculinity as embedded in the machinery

itself, highlighting the role of technology as a key source of male power (Cockburn, 1985;

McNeil, 1987; Wajcman, 1991; Webster, 1989). Instead of treating artefacts as neutral or

value-free, social relations (including gender relations) are materialised in tools and

techniques. Technology was seen as socially shaped, but shaped by men to the exclusion of

women. While this literature did reflect an understanding of the historical variability and

plurality of the categories of ‘women’ and ‘technology’, it was nevertheless pessimistic
about the possibilities of redesigning technologies for gender equality. The proclivity of

technological developments to entrench gender hierarchies was emphasised rather than the

prospects they afford for change. In short, not enough attention was paid to women’s

agency. And it is precisely this rather negative register that provoked a reaction from a new

generation of feminist scholars.

Moreover, by the late 1980s second-wave feminism had transformed itself in response to

sustained critiques from black feminism, queer theory, post-modernism and post-colonial

theory. A number of writers now refer to ‘post-feminism’ or third-wave feminism to mark
both an epistemological break, and to denote the period after the height of second-wave

feminism (Gill, 2007, pp. 250–1). This more recent work marks a shift away from a focus

on equality to a focus on debates about differences between women, stressing that gender is

connected to other axes of power such as race, colonialism, sexuality, disability and class.

Rather than thinking of feminism, we need to think of feminisms as multiple and dynamic,

and in the process of ongoing transformation.

4. Contemporary approaches

If feminists of the 1980s were rather pessimistic about the prospects for women offered by

the microelectronic revolution, there was a much more enthusiastic response to the dawn

of the digital age. Sharing the optimism of cyber-gurus from Manuel Castells (1996) to

Nicholas Negroponte (1995), feminist approaches of the 1990s and today are positive

about the possibilities of information and communication technologies (ICTs) to empower
women and transform gender relations (Green and Adam, 1999; Kemp and Squires, 1998;

Kirkup et al., 2000).
A common argument in this literature is that the virtuality of cyberspace and the internet

spell the end of the embodied basis for sex difference (Millar, 1998; Plant, 1998).

Cyberfeminists, for example Sadie Plant (1998), see digital technologies as blurring of

boundaries between humans and machines, and between male and female, enabling their

users to choose their disguises and assume alternative identities. Industrial technology may

have had a patriarchal character, but digital technologies, based on brain rather than
brawn, on networks rather than hierarchy, herald a new relationship between women and
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machines. Writers such as Plant are interested in revalorising the feminine, bringing

woman’s radical alterity, her difference, into being. For them, the internet and cyberspace

are seen as feminine media, providing the technological basis for a new form of society that

is potentially liberating for women. According to this view, women, rather than men, are

uniquely suited to life in the digital age.

The optimism of this post-feminist literature is best summed up by Donna Haraway’s
(1985, 1997) cyborg metaphor, conveying the idea that technology is fully part of all of us.

Because it is an aspect of our identity, an aspect of our embodiment, conceiving of

ourselves as cyborgs provides a tool for transforming the gender relations of technoscience.

Haraway notes the great power of science and technology to create new meanings and new

entities, to make new worlds. She positively revels in the very difficulty of predicting what

technology’s effects will be and warns against any purist rejection of the ‘unnatural’,

hybrid, entities produced by biotechnology. Genetic engineering, reproductive technology

and the advent of virtual reality are all seen as fundamentally challenging traditional
notions of gender identity. As such, they mark a transformation in the relationship between

women and technology.

Developments in digital technologies do call for some radical rethinking, both of the

processes of technological innovation and of their impact on the culture and practices of

everyday life. Haraway’s ground-breaking work opened up new possibilities for feminist

analyses to explore the ways in which women’s lives are intimately entwined with

technologies. In looking forward to what ICTs and biotechnologies may make possible,

Haraway elaborates a new feminist ‘imaginary’ different from the ‘material reality’ of the
existing technological order. Her writing has been particularly influential among feminist

scholars within STS, epitomising the challenge to second-wave feminism’s tendency to

portray women as victims of technological change.

While Haraway is optimistic about the opportunities for radical political transformations

opened up by developments in technoscience, too often her work has been read as an

uncritical acceptance of everything digital. Such enthusiasm has tipped some post-modern

commentators towards technological determinism—albeit of a celebratory rather than

pessimistic bent. There is still a current in feminist literature on cyberculture that regards
new digital technologies as a rupture from more established ones and downplays any

continuities between them.

Certainly women have been actively engaged in constructing hybrid, transgendered

identities through their consumption of new media. Diary writing on web logs, for

example, is a popular activity among young women. However, the possibility and the

fluidity of gender discourse in the virtual world is constrained by the visceral, lived gender

relations of the material world. Even Second Life (an online virtual world with over two

million registrations), which is widely seen as promoting anti-establishment values, has
become a major source of virtual pornography, apparently well suited to those with a taste

for sadomasochistic forms of sex (Bardzell and Bardzell, 2006). Such fantasy cyberworlds,

then, are not necessarily comfortable cultural environments for women to inhabit. Tomove

forward, we need to understand that technology as such is neither inherently patriarchal

nor unambiguously liberating.

5. Technofeminism: combining feminism and STS

Over the last two decades, feminist writing within the field of STS has theorised the

relationship between gender and technology as one of mutual shaping. A shared idea in this
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tradition is that technological innovation is itself shaped by the social circumstances within

which it takes place. Crucially, the notion that technology is simply the product of rational

technical imperatives has been dislodged. Objects and artefacts are no longer seen as

separate from society, but as part of the social fabric that holds society together; they are

never merely technical or social. Rather, the broad social shaping or constructivist

approach treats technology as a sociotechnical product—a seamless web or network
combining artefacts, people, organisations, cultural meanings and knowledge (Bijker et al.,
1987; Hackett et al., 2008; Law and Hassard, 1999; MacKenzie and Wajcman, 1999). It

follows that technological change is a contingent and heterogeneous process in which

technology and society are mutually constituted.

Within mainstream STS, the ways in which technological objects may shape and be

shaped by the operation of gender interests or identities has not been a central focus.Whilst

innovations are seen as sociotechnical networks, it has been largely incumbent on feminists

to demonstrate that gender relations inform these networks. After all, if ‘technology is
society made durable’ (Latour, 1991, p. 103), then gender power relations will influence

the process of technological change, which in turn configures gender relations. Women’s

systematic absence from the sites of observable conflict over the direction of technological

developments is therefore as indicative of the mobilisation of gender interests as is the

presence of other actors. Empirical research on everything from the microwave oven

(Cockburn and Ormrod, 1993), the telephone (Martin, 1991) and the contraceptive pill

(Oudshoorn, 1994) to robotics and software agents (Suchman, 2008) has clearly

demonstrated that the marginalisation of women from the technological community has
a profound influence on the design, technical content and use of artefacts.

A social constructivist framework now has been widely adopted by feminist STS scholars

(Berg, 1996; Faulkner, 2001; Lie, 2003). In common with my own technofeminist theory,

it conceives of technology as both a source and consequence of gender relations (Wajcman,

2004). In other words, gender relations can be thought of as materialised in technology,

and masculinity and femininity in turn acquire their meaning and character through their

enrolment and embeddedness in working machines. Such a mutual shaping approach

recognises that the gendering of technology affects the entire life trajectory of an artefact.
Indeed, feminist research has been at the forefront of more general moves within STS to

deconstruct the designer/user divide, and that between production and consumption,

emphasising the connectedness of all phases of technological development (Cowan, 1987).

The gendering of technologies can then be understood as not only shaped in design, but

also shaped or reconfigured at the multiple points of consumption and use.

Let me again illustrate this by considering an economist’s account of the impact of

technologies on domestic labour. Avner Offer (2006) explains why some kinds of

household appliances have diffused more rapidly than others by comparing ‘time-saving
goods’ (for example, cookers and washing machines) with ‘time-using goods’ (such as

radio and television). However, he is puzzled by the finding that there is no direct link

between time-saving appliances and the amount of time spent in housework. While he

takes account of rising standards and class differences in housework, his model of

consumption is not attuned to the gender relations of artefacts. Domestic appliances enter

a domain heavily signified in terms of traditional sex roles, and are already imprinted with

gendered agendas or ‘genderscripts’ defining their appropriate operators (Cockburn and

Ormrod, 1993; Oudshoorn et al., 2004). Indeed, individuals demonstrate their gender
identity in part through their daily use of objects. To be feminine is to perform femininity,

and the daily doing of housework continues to be pivotal to being a wife and mother.
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Moreover, technological innovations often change the nature and meaning of tasks, as

well as introducing novel practices. STS scholarship increasingly recognises that the social

meanings of technology are contingently stabilised and contestable, that the fate of

a technology depends on the social context and cannot simply be read off fixed sets of

power arrangements. The ‘domestication’ framework, in particular, has sensitised

researchers to some of the complex processes at work in incorporating technologies into
everyday life (Haddon, 2004; Silverstone and Hirsch, 1992). In line with social shaping

principles, domestication foregrounds user agency in the way people continuously

interpret, appropriate and use artefacts in their everyday lives.

Similarly, the concept of gender itself is now understood as a performance or social

achievement, constructed in interaction (Butler, 1990). Rather than conceiving of gender

as fixed and existing independently of technology, the notion of performativity, or ‘gender

as doing’, sees the construction of gender identities as shaped together with the technology

in the making. Thus, both technology and gender are products of a moving relational
process, emerging from collective and individual acts of interpretation. It follows from this

that gendered conceptions of users are fluid, and that the same artefact is subject to

a variety of interpretations and meanings. The result is more nuanced feminist research

that captures the increasingly complex intertwining of gender and technoscience as an

ongoing process of mutual shaping over time and across multiple sites.

6. Conclusion

Feminist theories of technology have come a long way over the last quarter of a century.

The intellectual exploration at the intersections of feminist scholarship and STS has

enriched both fields immeasurably. While each has been characterised by diverse lines of

argument over the last decades, the underlying continuities are all the more striking. Both
fields foreground the way that people and artefacts co-evolve, reminding us that ‘things

could be otherwise’, that technologies are not the inevitable result of the application of

scientific and technological knowledge.

For me, the distinguishing insight of feminist STS or technofeminism is that gender is

integral to this sociotechnical process: that the materiality of technology affords or inhibits

the doing of particular gender power relations. Women’s identities, needs and priorities are

configured together with digital technologies. For all the diversity of feminist voices,

feminist scholars share a concern with the hierarchical divisions marking relations between
men and women.

Key to our analysis is the understanding that, while gender is embedded in

technoscience, the relationship is not immutably fixed. While the design process is

decisive, sociotechnical configurations exhibit different degrees of determination and

contingency at different moments in their relationship. The capacity of women users to

produce new, advantageous readings of artefacts is dependent on their broader economic

and social circumstances.

Such a perspective redefines the problem of the exclusion of groups of people from
technological domains and activities. Technofeminism exposes how the concrete practices

of design and innovation lead to the absence of specific users, such as women. While it is

not always possible to specify in advance the characteristics of artefacts and information

systems that would guarantee more inclusiveness, it is imperative that women are involved

throughout the processes and practices of technological innovation. STS provides a theory

of the constitutive power of tools, techniques and objects to materialise social, political and
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economics arrangements. Drawing more women into design—the configuration of

artefacts—is not only an equal employment opportunity issue, but is also crucially about

how the world we live in is shaped, and for whom. We live in a technological culture,

a society that is constituted by science and technology, and so the politics of technology is

integral to the renegotiation of gender power relations.
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 given context. And we seek not so much to give the
 impact some form of summative ranking, but rather
 to be able to assess with some degree of confidence
 whether specific actions taken at various systemic levels
 (organizational, societal, national, global) do actually
 reduce undesirable impacts of the specific innovation. In
 addition, we would be wise to follow the advice of
 The Ethical Spectacle: Adopt a formative evaluation
 methodology to be first used for beta-testing the effects of
 systemic changes in pilot projects; then continuing mon-
 itoring and evaluation as the innovation goes to scale.

 If we approach the issues of technology-impact
 as technologists rather than as scientists, we are by
 definition obliged to use our new knowledge to achieve
 a practical purpose - in this case, to control the negative
 impacts of a technology. We act as social technologists.
 And, as all technologists, we are morally and ethically
 accountable for our decisions and actions, not only in
 the initial design and development stages of an innova-
 tion, but also to control its societal impact in the later
 implementation, use, and management stages. □
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 Not "Just a Tool":
 A Triadic Model of

 Technological
 Non-Neutrality

 Ellen Rose
 Contributing Editor

 The author describes the three bases upon which she
 rejects the assumption that a technology and its use are
 neutral: every technology predisposes a certain use;
 shapes habits of mind and social organizations; and is
 the outcome of deliberate choices made by individuals
 and societies. She then proposes a "triadic model" of
 technological non-neutrality which integrates these
 three points, and offers a set of critical questions to
 which the model gives rise.

 Introduction
 In the educational circles in which I move, it is common
 to hear a new technology such as a computer or hand-
 held device described as "just a tool." The implication is
 that using such artifacts in teaching and learning is
 fundamentally the same as using a pencil or a white-
 board. The teacher simply chooses the tool that suits
 the pedagogical task, and whether that happens to be a
 computer or a textbook makes no difference: The tool
 itself is neutral, its meaning only a function of how it
 is used.

 In fact, like most technologies, computers are far from
 neutral. Their form dramatically circumscribes their use,
 their presence shapes pedagogical goals and practices,
 and their standard form and accepted use are functions
 of power struggles between competing social groups.
 Indeed, their very presence in educational institutions
 evinces hegemonic interests - which is why schools and
 school districts often make wholesale commitments to

 technologies such as laptop computers despite the
 absence of an identified need or plan for their use.

 In this article, I will first describe the bases upon
 which I actively reject the assumption that a technology
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 and its use are absolutely neutral and non-political. I
 will then propose a "triadic model" of technological
 non-neutrality and offer a set of questions that, emerging
 from this model, can be used to challenge the neu-
 trality of any technology.

 The Three Bases of

 Technological Non-Neutrality
 There are three bases from which we can assert

 the non-neutrality of technology. The first has to do with
 the biases inherent within a given technology. Every
 technology, in other words, predisposes us to use it
 in a particular way, to achieve a particular end.
 Phenomenologists express this idea by talking about the
 invitational quality of things - that is, how they invite
 certain uses or responses (van Manen, 1990, p. 21). As
 Don Ihde (1990) puts it, "[t]echnologies, by providing a
 framework for action, do form intentionalities and incli-

 nations within which use-patterns take dominant shape"
 (p. 141). In the lingo of human-computer interface
 designers, the biases of technologies are referred to as
 affordances, which Donald Norman (1988) defines
 as "those fundamental properties [of a thing] that
 determine just how the thing could possibly be
 used. ..Knobs are for turning. Slots are for inserting
 things into. Balls are for throwing or bouncing" (p. 9).

 Perhaps the clearest expression of this idea is the old
 chestnut, "To the person with a hammer, everything
 looks like a nail" - which just goes to show that even the
 hammer is not "just a tool" that can be used in any way
 we see fit. Rather, the hammer comes packaged with
 certain predispositions: it invites us to grasp it in a
 certain way and use it to pound on things, preferably
 nails. Even a small child, given a plastic hammer, imme-
 diately recognizes what it is for.

 Of course, unlike most tools, which are highly adapt-
 ed to specific purposes, many new technologies, such
 as computers and handheld devices, seem to bristle like
 Swiss army knives with multiple capabilities, from
 taking pictures and surfing the Web to sending e-mail
 and instant messages. Nevertheless, we can reduce all
 of these diverse uses to a single predispositon: such
 devices amply afford instant two-way communication;
 they invite us to use them, and to use them often, to
 contribute to and participate within a steady stream of
 information. Social networking sites such as Facebook
 and Twitter reflect and extend this predisposition for
 constant, instant communication.

 The second sense in which we can speak about the
 non-neutrality of technology has to do with the way in
 which a given technology shapes human values, beliefs,
 and habits of mind - often to the extent that it eventu-

 ally wreaks widespread, and usually unpredictable,
 social or cultural transformations. For example, in
 Technics and Civilization (1934), Lewis Mumford
 describes how the invention of the clock contributed

 to the gradual transformation of medieval society. As
 clocks proliferated and people increasingly accepted
 the fragmentation of eternity into measurable incre-
 ments, "[a]bstract time became the new medium of
 existence.... one ate, not upon feeling hungry, but when
 prompted by the clock; one slept, not when one was
 tired, but when the clock sanctioned it" (p. 17). Clock
 time thus gave rise to the realization that it was possible
 to synchronize and quantify human activity; punctuality
 and efficiency arose as the new values undergirding
 human conduct, and the tempo of life accelerated.
 Similar analyses have been offered regarding the social
 and cultural effects of a range of technologies, including
 the printing press (Eisenstein, 1979) and the telegraph
 (Carey, 1988).

 Although it is not as easy to step outside contemporary
 society to analyze the ways in which new technologies
 are transforming our own lives, there is no doubt that
 they are implicated in some profound changes in the
 ways we think and behave. For example, Sherry Turkle
 (2008) writes about new forms of sociality that are emerg-
 ing with the prevalence of "always-on/always-on-you"
 mobile technologies. One of the many consequences she
 describes is the change from an inner-directed to an
 other-directed mentality: As our contacts and friends lists
 grow, "what is not being cultivated is the ability to be
 alone, to reflect on and contain one's emotions" (p. 127).
 In a controversial Atlantic article, Nicholas Carr (2008)
 observes a similar erosion of reflectiveness, which he
 offers as one of the Internet's many "far-reaching effects
 on cognition" (p. 60). Carr writes, "what the Net seems to
 be doing is chipping away my capacity for concentration
 and contemplation. My mind now expects to take in
 information the way the Net distributes it: in a swiftly
 moving stream of particles" (p. 57). Indeed, computer-
 induced changes in how we think - in the very neural
 structures of our brain - has become a popular theme,
 explored in dozens of books and articles over the past few
 years (e.g., Bauerlein, 2008; Carr, 2010; George, 2008;
 Small & Vorgan, 2008).

 Publications like these contribute to public anxiety
 about the way the Internet is "reprogramming us" (Carr,
 2008, p. 60). And this, in fact, is the primary problem
 with this second way of thinking about the non-neutral-
 ity of technologies: It tends to give rise to technological
 determinism - a fearful sense that technology induces
 changes that are totally inevitable and unstoppable.
 Instead of seeing individual technologies that people
 use to achieve specific ends, determinists see Tech-
 nology as an autonomous, runaway force that uses us,
 shaping society in ways that have nothing to do with our
 needs and wants, and everything to do with the impera-
 tives of Technology itself. French philosopher Jacques
 El lul, perhaps the best-known proponent of this view,
 argues that we live within a technological system, an
 environment created by the interconnected ensemble of
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 technologies, in which we are all trapped and helpless.
 "Technology," he says, "is no longer, as in the past, one
 factor among others in a society. ..It has, on the contrary,
 become not only the determining fact but also the
 'enveloping element,' inside which our society devel-
 ops" (1980, p. 161).

 Although couched in somewhat extreme prose,
 Ellul's arguments ring true in a time when the conduct of
 daily life is increasingly dependent upon our many
 ubiquitous, interconnected devices. However, talking
 about Technology as an autonomous, irresistible entity,
 rather than about individual technologies that we all
 have a hand in creating and using, is limiting and even
 potentially dangerous, insofar as it negates the role of
 human agency, the responsibility of each of us to make
 wise choices about technology that will improve the
 quality of human life. If we believe, with Ellul (1964),
 that " [t] he human being is no longer in any sense the
 agent of choice" (p. 80), then we can blithely decline
 responsibility, as individuals and as a society, for the fact
 that some technologies give rise to social inequities, and
 that others flourish while doing nothing to improve the
 human condition.

 The best counter to this perspective is the third basis
 for asserting the non-neutrality of technology - the view
 that technologies are the outcome of deliberate choices
 made over time by individuals and societies. Rather than
 conceptualizing Technology as a distinct entity that
 intersects or, sometimes, collides with society, this per-
 spective suggests that technologies are an inextricable
 part of the society from which they emerge. They are
 concretized expressions of human choices that are
 often self-serving and partisan - and, as such, they are
 political and value-laden, not neutral.

 One of the best examples of this "social constructivist"
 perspective is offered by Trevor Pinch and Wiebe Bijker
 (1984), who reconstruct the debates that swirled around
 the emergence of the bicycle. During the late nineteenth
 century, a number of models vied for supremacy, includ-
 ing the "penny-farthing," with its high front wheel that,
 while precarious, allowed the rider to achieve great
 speeds, and the low-wheeled "safety" model, which was
 adapted for use by ladies. Today, we tend to regard the
 bicycle as we know it as an inevitable form and the
 penny-farthing as a failed model that died out through
 the technological equivalent of natural selection. In fact,
 however, Pinch and Bijker show that the emergence of
 the safety model as the accepted standard was the
 result of a process of negotiation and struggle among
 many social groups, including sport cyclists, women,
 anti-cyclists, and bicycle producers. Like the other tech-
 nologies in our lives, the bicycle was socially construct-
 ed, its contemporary form a product of power struggles
 between competing groups and ideologies rather than a
 function of technological inevitability.

 Elsewhere (Rose, 2003), I have written about a similar

 process that took place in the early days of the
 computer - the struggle to determine what form the new
 technology would take and what ends it would serve.
 For the "data priests" in their white coats, the computer
 was a hulking machine secured in an air conditioned
 back room, where it could be accessed by only a
 privileged few. But the young hackers of the 1960s and
 70s had a very different vision of the computer as a
 technology that needed to be liberated from the back
 rooms and made freely available to anyone. The
 eventual development of the microprocessor was not
 an inevitable technological development, not an earth-
 shaking forward step taken by an unstoppable techno-
 logical juggernaut; rather, it was a product of this human
 struggle to determine who would and would not have
 access to computing power.

 Of course, profiteers were deeply invested in that
 struggle. Indeed, any consideration of the social forces
 impinging upon technological forms and uses must also
 take into account the fact that technologies begin life
 as economic commodities, created and peddled by
 businesses eager to extend their market share. The fact
 that we now tend to see the computer as a natural,
 neutral presence in the classroom, and the cellphone
 as a tool we can no longer live without, owes much to
 the influence of high-powered megacorporations, who
 participate in perpetuating the myth of technological
 neutrality. For example, representing computer hard-
 ware and software as "solutions" depoliticizes these
 products by suggesting they were created only to fulfill
 pre-existing needs; consideration of who benefits when
 these products become perceived as necessities is effec-
 tively stifled.

 Although social constructivists tend to focus on the
 history of technologies, their perspective illuminates
 the present by reminding us that we are now, as
 technology users, in the midst of similar negotiations
 about the form and purpose of new devices, such as the
 electronic book.

 A Triadic Model of

 Technological Non-Neutrality
 To summarize to this point, the non-neutrality of

 technology is manifested in three distinct ways: first, in
 terms of the inherent biases built into a technology,
 which predispose certain uses; second, in terms of
 the way in which the widespread use of a technology
 gradually shapes values, beliefs, and habits of mind,
 often with unpredictable social and cultural conse-
 quences; and, third, in terms of the way in which human
 preconceptions, prejudices, and interests are embedded
 within and give rise to particular technological forms.
 Although they are very different, these three bases
 for technological non-neutrality are neither mutually
 exclusive nor contradictory.

 In fact, I suggest that each of these bases for tech-
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 nological non-neutrality requires the other two to
 complement it, if we are to get a true picture of how
 technology functions within society. However, such a
 balanced perspective is rare. Social critics and
 philosophers of technology typically limit their focus
 to technological forms and effects while neglecting
 the power struggles attending the emergence of a tech-
 nological form (e.g., Heidegger, 1 977; Postman, 1 992),
 foreground the form of a technology to the exclusion
 of its effects or social contexts (e.g., Norman, 1988),
 emphasize the hegemonic social forces underlying
 the emergence of a technology while discounting the
 influence exerted by the form of the technology itself
 (e.g., Aronowitz & Ciroux, 1985), or otherwise fail
 to account for all three bases for asserting that a technol-
 ogy is non-neutral.

 My triadic model oversimplifies decades of cogent
 critical commentary on technology. However, it may
 also help to explain why this commentary has had so
 little impact upon general opinion: the "just a tool" atti-
 tude remains entrenched. One reason for this, it seems
 to me, is that stressing only one, or at most two bases for
 technological non-neutrality is like constructing a one-
 or two-legged stool: it lacks solidity and is very easy to
 push over. Thus, as I suggested above, conceptualizing
 technological non-neutrality only in terms of the wide-
 spread social effects of a particular device gives rise to
 undesirable deterministic thinking. Similarly, conceptu-
 alizing technological non-neutrality as only having to
 do with the social negotiations impinging upon the
 construction of an artifact disregards the effects of
 technological choices (Winner, 1993, p. 368), as well as
 the fact that technologies do have inherent biases, no
 matter what social circumstances attend their develop-
 ment and use. And focusing solely on the predisposi-
 tions inherent to the form of an artifact does not adequate-
 ly account for what Langdon Winner (1986) calls the
 "politics" of technological artifacts, which emerge from
 and embody particular patterns of social power and
 authority. In short, while each perspective is incomplete,
 taken together these three bases for technological non-
 neutrality function as a sort of tripod, allowing us to gain a
 balanced view that lends equal weight to the influence of
 the form of technology itself, the human choices and
 power struggles from which it arises, and the repercussions
 and reverberations that are experienced as its use becomes
 prevalent within a society.

 Using the Model
 The three bases for technological non-neutrality give

 rise to the following set of questions, which I believe
 should be asked of any technology:

 • What are the biases or predispositions of the tech-
 nology? How does it invite us to use it, and to
 what end?

 • How is widespread use of the technology trans-

 forming the social fabric? How is it transforming
 habits of mind? How might we expect it to further
 contribute to the reshaping of social values, goals,
 structures, interactions, and/or habits of mind?

 • What alternative forms might the technology take
 or have taken? Who benefits from the current

 form, and who loses? As a user of the technology in
 a particular form, whose interests do I support?

 But this set of questions begs a larger question: Why
 is it necessary to understand that technologies are not
 just neutral tools, and to be able to discern the ways
 they shape and are shaped by human intentionality?

 For one thing, as I have tried to show throughout this
 article, the presumption of neutrality is unrealistic, an
 inadequate reflection of the complexities and interdepen-
 dences of what Ursula Franklin (1990) has called "the real

 world of technology." Indeed, given the extent to which our
 technologies are now integrated with social life, I find it
 hard to understand how it is still possible to believe that any
 technology, let alone the computer, is "just a tool." Marshall
 McLuhan (1964) expresses this same incredulity in his
 rather brusque fashion: "Our conventional response to all
 media, namely that it is how they are used that counts, is
 the numb stance of the technological idiot" (p. 26).

 However, the assumption of neutrality is not simply
 wrongheaded but, I believe, downright dangerous,
 because it limits our ability to act thoughtfully and respon-
 sibly in our day-to-day encounters with technological
 artifacts. For to insist that a technology is "just a tool" is
 not, in itself, a morally neutral act. Rather, as Heather-jane
 Robertson (2001) observes, when complex technologies
 like the computer are labeled as "inert tools," they are
 tacitly "excused from debate" (p. 19) - regarded as mere
 stage props that we can blithely ignore, not players whose
 role in the human drama must be the subject of serious
 scrutiny. The cumulative result of decades during which
 most people turned a blind eye, and insisted on the
 neutrality of our technologies, is that there is no check on
 technological innovation and proliferation, which is now
 governed only by the tacit credo that "what can be
 done, should be done." Discussion about a technology's
 proper ends, and its short- and long-term implications
 for our social and natural worlds, is superseded by a
 largely instrumental discourse about how to use these
 purportedly neutral tools.

 In asking these questions, then, we begin to reassert
 both control and responsibility - not only over techno-
 logical devices but over the world we are making and,
 ultimately, our own humanity. □
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 Demonizing
 Educational

 Technology
 Thwarts Its

 Greatest Gift

 for Learning

 Judy Breck
 Contributing Editor

 The author argues that education should take advan-
 tage of the new virtual knowledge network accessible
 to every person on earth. She describes how the com-
 plexity of the Web has absorbed what is known by
 humankind and emerged it in a self-organizing, self-
 vetting network that comprises the most authentic,
 recent, and cogent version of knowledge ever known.
 Demonizing technology has kept education from
 harnessing the new networked venue.

 Spectacular learning value will emerge once the
 education sector quits demonizing technology, because
 doing so is thwarting 21 st century technology's grand-
 est gift to learning. The demon horns need to be
 removed from educational technology so it can con-
 nect learners to the networking knowledge emerging
 in the open World Wide Web (Web).

 By demonizing technology education stifles virtual
 cognitive complexity. Complexity studies are showing
 us that understanding the world - which is not a bad
 definition of the goal of education - often requires
 something quite the opposite of little boxes of sepa-
 rated knowledge. In the dominant little-box education
 of today, a fourth grader entranced with astronomy
 who has been browsing Hubble images on his smart-
 phone outside of school is reduced to a few astronomy
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 developing global "golden age of learning." She is author of
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Chapter Four

Machines

In Anti- Oedipus, Gilles Deleuze and Félix Guattari introduce a novel con-
cept of the machine. Using the concept of desiring- machines, these authors 
attempt to break with the technical definition of machines and offer an 
alternative to both the mechanist and the vitalist interpretations.1 Deleuze 
and Guattari (2004) suggest that the concept of desiring- machines consti-
tutes ‘the fundamental category of the political economy of desire’ (AO, 
p. 35). This has important consequences for an understanding of the rela-
tion between labour, value and technology. For Deleuze and Guattari, there 
is no difference in nature between social and technical machines. From a 
conceptual point of view, both social and technical machines respond to the 
same molecular structure of desiring- machines. In this sense, the concept 
of desiring- machines allows for an overcoming of the Marxist opposition 
between living labour and technical machines, challenging some of the 
presuppositions underlying Marx’s labour theory of value. From the per-
spective of Anti- Oedipus, political economy is defined by a contradictory 
twofold movement: On the one hand, it poses abstract labour time as the 
subjective essence of value; on the other, it reterritorializes this empty form 
of time in the figure of the private, individual producer. In this way, political 
economy justifies the production and realization of surplus value. Put dif-
ferently, political economy grounds its labour theory of value on an abstract 
(homogeneous and quantifiable) and individual (private) notion of labour 
time, thus reterritorializing the productive powers unleashed by technologi-
cal development. The problem with Marx’s labour theory of value is that, 
despite challenging (and actually inverting) the main principles of political 
economy, it cannot overcome the reterritorialized notion of labour time that 
informs political economy.

In chapter two, it was argued that in the Grundrisse Marx acknowledged 
the historical limits of the labour theory of value. Likewise, chapter three 
used Stiegler’s concept of cinematic time in order to challenge the opposition 
between living labour time and dead (technical) time that informs Marx’s 
labour theory of value and his analysis of the organic composition of capital. 
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Subsequently, this chapter offers a new interpretation of the relationship 
between value, labour time and machines which, at the same time, advances 
the immanent critique of the attention economy. The overall aim of this 
chapter is to show that the attention economy operates as a concrete power 
mechanism, which reterritorializes the productive forces unleashed by post- 
Fordism in order to prevent the deterritorialized flows of desire from upset-
ting the ruling social order.

A SOCIAL THEORY OF FLOWS

Anti- Oedipus is commonly read as a reaction against psychoanalysis and 
the imperialism of the Oedipal subject.2 However, Anti- Oedipus is foremost 
a social theory constructed with the aim of understanding society as a spe-
cific organization of flows of desire. It is important to note that Deleuze and 
Guattari challenge the traditional concept of desire based on both representa-
tion and lack (AO, p. 26)3 This means that desire should not be reduced to 
the sphere of acquisition (as if desire meant only desire for consumption) but 
should be understood as the moving force that animates production in general 
(AO, p. 27). To define this new concept of desire, Deleuze and Guattari forge 
the notion of desiring- production, which connects the Marxist analysis of 
labour (the abstract category that explains the subjective origin of value) with 
the Freudian concept of libido (the abstract force that explains the subjective 
origin of desire; AO, p. 292).4

Anti- Oedipus’ main social principle is that, in order to reproduce itself, 
every society needs to ‘codify the flows of desire, to inscribe them, to 
record them, to see to it that no flow exists that is not properly damned up, 
channelled, regulated’ (AO, p. 35). Each society, depending on its specific 
relations of production, inscribes, organizes and administrates these flows 
differently.5 In this sense, Anti- Oedipus’ social theory challenges the notion 
of ideology as a suitable framework to explain the reproduction of a given 
social order (AO, p. 114). For Deleuze and Guattari, ideology is ‘an execrable 
concept that hides the real problems, which are always of an organizational 
nature’ (AO, p. 378).6 For this reason, they argue, any social critique must 
begin by analyzing ‘the specific nature of the libidinal investments in the 
economic and political spheres, and thereby to show how, in the subject who 
desires, desire can be made to desire its own repression […] All this happens, 
not in ideology, but well beneath it’ (AO, p. 115).

What differentiates capitalist society from other forms of social organiza-
tion is that instead of coding and territorializing the flows of desire, capital-
ism ‘is faced with the task of decoding and deterritorializing flows’ (AO, 
p. 35). Deleuze and Guattari write:
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Capitalism is in fact born of the encounter of two sorts of flows: the decoded 
flows of production in the form of money- capital, and the decoded flows of 
labour in the form of the free worker. Hence, unlike previous social machines, 
the capitalist machine is incapable of providing a code that will apply to the 
whole of the social field. By substituting money for the very notion of a code, 
it has created an axiomatic of abstract quantities that keeps moving further and 
further in the direction of the deterritorialization of the socius. (AO, p. 36)

Non- capitalist social orders are defined by the way in which they code and 
territorialize the flows of desire. This means that non- capitalist societies 
reproduce themselves by establishing fixed codes, norms and values that 
determine the specific relations between its constitutive elements. Capitalism, 
by contrast ‘is the only social machine that is constructed on the basis of 
decoded flows, substituting for intrinsic codes an axiomatic of abstract quan-
tities in the form of money’ (AO, p. 153). In other words, the abstract (quan-
titative) character of capital challenges the fixed codes, norms and values 
that secure and regulate social order in non- capitalist societies. These fixed 
codes are thus replaced by decoded flows that measure everything accord-
ing to a single abstract quantity. According to Eugene Holland (1999), every 
society comprises ‘a specific form of organizing flows of matter and energy’ 
(p. 64). The difference between non- capitalist and capitalist societies is that 
the former organizes these flows in qualitative (symbolical) terms, whereas 
the latter does so quantitatively, that is, economically (Holland 1999, p. 64). 
While non- capitalist social orders are organized symbolically ‘via codes and 
over- codes’ that fix the flows of desire to stable norms and values, capitalism 
is organized economically ‘via axioms’ that replace each fixed code with an 
abstract quantity (Holland 1999, p. 64).7

Deleuze and Guattari’s definition of capitalism repeats that of Marx and 
Engels in the Communist Manifesto. In the 1848 text, Marx and Engels 
claim that ‘the first condition of existence’ of pre- capitalist societies was 
‘the conservation of the old modes of production in unaltered form’ (1978, 
p. 476). This tendency towards ‘conservation’ is analogous to what Deleuze 
and Guattari define as the coding task of non- capitalist societies. At the same 
time, Marx and Engels suggest that capitalism ‘cannot exist without con-
stantly revolutionising the instruments of production, and thereby the rela-
tions of production, and with them the whole relations of society’ (p. 476). 
Marx and Engels describe this in the following manner:

Constant revolutionising of production, uninterrupted disturbance of all social 
conditions, everlasting uncertainty and agitation distinguish the bourgeois epoch 
from all earlier ones. All fixed, fast- frozen relations, with the train of ancient 
and venerable prejudices and opinions, are swept away, all new- formed ones 
become antiquated before they can ossify. All that is solid melts into air, all that 

 

 

  

 



112 Chapter Four

      

is holy is profaned, and man is at last compelled to face with sober senses his 

real conditions of life, and his relations with his kind. (1978, p. 476)

For Marx and Engels, capitalism imposes a homogeneous abstract quantity 

as the measure of all things, challenging all previous social orders based on 

fixed, unaltered systems of production. This understanding of the revolution-

ary drive of the capitalist mode of production informs Deleuze and Guattari’s 

concept of deterritorialization.8 At the same time, however, Marx and Engels 

argue that despite its revolutionary role, capitalism turns the unleashed social 

powers into a new mechanism of exploitation, substituting ‘naked, shameless, 

direct, brutal exploitation’ for exploitation ‘veiled by religious and political 

illusions’ (1978, p. 475). This is so because capitalism considers capital to 

be an end in itself: In capitalism, living labour appears merely as a means 

‘to increase capital’ (Marx and Engels 1978, p. 485). Deleuze and Guattari 

claim that capitalism requires certain mechanisms to prevent these decoded 

flows from eroding its own foundations, thus enabling the reproduction of its 

relations of production. In this sense, what capitalism deterritorializes ‘with 

one hand’, it must ‘reterritorialize with the other’ (AO, p. 279). According to 

Deleuze and Guattari:

If it is true that the function of the modern State is the regulation of the decoded, 

deterritorialized flows, one of the principal aspects of this function consists in 

reterritorializing, so as to prevent the decoded flows from breaking loose at all 

the edges of the social axiomatic. (AO, p. 280)

As mentioned above, these mechanisms of reterritorialization differ from the 

traditional notion of ideology. This means that the reproduction of the rela-

tions of production is not a problem of ‘false consciousness’ (AO, p. 114). 

What capitalism does is to reterritorialize the productive flows of desire (i.e. 

libido and abstract labour as deterritorialized flows), privatize them (AO, 

p. 281), reduce them to the spheres of representation, lack and narcissism 

(AO, p. 29– 30), reintroduce lack where there is abundance (AO, p. 256) and 

thus make the productive flows desire their own repression (AO, p. 281). 

According to Deleuze and Guattari, the deterritorializing force of capitalism 

(the subjective essence of wealth and desire) is discovered ‘only in the forms 

of property that objectifies it all over again, that alienates it by reterritorial-

izing it’ (AO, p. 281).9 From the perspective of Anti- Oedipus, private property 

and private desire appear not as the origin of society and value (as political 

economy and psychoanalysis believe) but rather as concrete mechanisms of 

reterritorialization through which capitalism prevents its own flows from 

‘breaking loose’ (AO, p. 281).

This chapter seeks to show that the attention economy constitutes a spe-

cific mechanism of capitalist reterritorialization. In other words, the attention 
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economy should be understood as a power apparatus that reterritorializes the 
enormous post- industrial productive powers unleashed by information tech-
nologies and automation. This interpretation demands overcoming the com-
mon understanding according to which the productive role of the attention 
economy is merely the intensification of consumption (and thus the accelera-
tion of the process of realization of surplus value in the market). From this 
point of view, the attention economy is seen as a productive mechanism only 
to the extent that it captures individual desire, channelling it in order to make 
us want things we essentially do not need. The problem with this understand-
ing of the attention economy, however, is that it limits the problem of desire 
to the sphere of consumption (or acquisition). For Deleuze and Guattari, 
desire should not be reduced to the acquisitive sphere of consumption but 
should be conceived of as the force that animates production in general (AO, 
p. 27). From this perspective, it could be argued that the productive function 
of the attention economy is to transform desire into a source of valorization 
information (or surplus value of code) and to feed this information back into 
the productive sphere in order to generate profit (or surplus value of flux). 
Hence, the attention economy reproduces the valorization process of capital 
and prevents the deterritorialized productive powers from ‘breaking loose’ 
and undermining the ruling social relations.

LABOUR, VALUE AND TECHNOLOGY IN ANTI- OEDIPUS

Together with its social theory and novel definition of capitalism, Anti- 
Oedipus offers a reinterpretation of the Marxist understanding of the relation 
between labour, value and technology. First, as we will see shortly, Deleuze 
and Guattari use the notions of deterritorialization and reterritorialization 
to explain Marx’s analysis of the tendency of the rate of profit to fall (AO, 
p. 37). In other words, Deleuze and Guattari reinterpret what Marx saw as 
capitalism’s core contradiction through the twofold movement of deterrito-
rialization and reterritorialization of flows of desire. Second, Anti- Oedipus 
introduces the notions of surplus value of code and surplus value of flux 
in order to explain the relationship between deterritorialization and surplus 
value that characterizes the capitalist mode of production. Using this distinc-
tion, Deleuze and Guattari suggest that in post- Fordism, machinery begins 
to incorporate more and more elements of living labour, thus blurring the 
limits between fixed and variable capital. Third, Deleuze and Guattari forge 
the concept of machinic labour in order to explain the production of surplus 
value in a post- Fordist context in which the deterritorialization of the surplus 
value of code has been absorbed by cybernetic machines. These three points 
that define Anti- Oedipus’ reinterpretation of the relation between labour, 
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value and technology establish a close resemblance with the Italian post- 
Marxist reading of Marx. In both cases, there is an attempt to show how the 
productive transformations put forth by post- Fordism challenge the opposi-
tion between living labour and machinery that defines Marx’s account of the 
organic composition of capital.

The Tendency of the Rate of Profit to Fall

Deleuze and Guattari contend that the twofold movement of deterritorializa-
tion and reterritorialization informs Marx’s analysis of the tendency of the 
rate of profit to fall: ‘As a corollary of this law [the tendency of the rate of 
profit to fall]’, the authors write, ‘there is the twofold movement of decoding 
or deterritorializing flows on the one hand, and their violent and artificial 
reterritorialization on the other’ (AO, p. 37). In chapter three, Marx’s analysis 
of the tendency of the falling rate of profit was explained in the following 
terms: With the development of the productive forces, more and more of the 
living labour that comprises the production of commodities is replaced by 
technical machines (or fixed capital); and since only living labour can create 
value, its gradual substitution with machines creates an overall decrease in 
the ratio of profit (Marx 1991, p. 317). Therefore, even though the applica-
tion of new machinery may cause a relative increase in the amount of surplus 
value produced, the generalization of this new technology creates an overall 
fall in the rate between variable and fixed capital (Marx 1991, p. 319). In this 
regard, the opposition between living labour and machinery constitutes a key 
element in Marx’s understanding of the tendency of the rate of profit to fall.

In Anti- Oedipus, Deleuze and Guattari follow Marx’s thesis according to 
which the tendency of the falling rate of profit constitutes capital’s immanent 
limit (AO, p. 251). Given this internal limit, they argue, capitalism is forced 
to constantly widen its external limits ‘on an always vaster scale’ (AO, 
p. 271). In other words, capitalism counteracts its internal contradiction by 
expanding the production and realization of surplus value further and further.

The more the capitalist machine deterritorializes, decoding and axiomatizing 
flows in order to extract surplus value from them, the more its ancillary appa-
ratuses […] do their utmost to reterritorialize, absorbing in the process a larger 
and larger share of surplus value. (AO, p. 37)

Unlike Marx, however, Deleuze and Guattari contend that the tendency of 
the rate of profit to fall does not rest upon the opposition between living 
labour and machinery (AO, p. 271). For Deleuze and Guattari, Marx’s dis-
tinction between variable and fixed capital is grounded on an industrial (thus 
obsolete) definition of both labour and machinery.10 As argued in chapter 
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two, Italian post- Marxism contends that post- industrial capitalism drasti-
cally modifies the notions of variable and fixed capital, hence altering the 
definition of the organic composition of capital. In a similar fashion, Deleuze 
and Guattari contend that the core contradiction of capitalism should not 
be explained through the opposition between living labour and machinery 
but rather with the twofold movement of deterritorialization and reterritori-
alization. In this regard, Anti- Oedipus suggests that Marx’s treatment of the 
tendency of the falling rate of profit can only account for the internal contra-
diction of capitalism from a historical perspective. Alternatively, the notions 
of deterritorialization and reterritorialization make it possible to conceptu-
alize capitalism’s core contradiction in immanent terms.11 This means that 
it is not necessary to ground capitalism’s contradiction on a transhistorical 
definition of living labour (as opposed to fixed capital) but on the analysis 
of a twofold movement immanent to the capitalist mode of production. For 
Deleuze and Guattari, the rate of profit tends to fall not simply because of 
the replacement of fixed capital for living labour but because of the constant 
need to reterritorialize the unleashed productive powers as individual labour 
and individual desire.

It could be said that the attention economy works as a concrete mechanism 
for counteracting the tendency of the rate of profit to fall. However, Deleuze 
and Guattari’s unique approach to this tendency marks an important differ-
ence with the Marxist accounts of the attention economy examined in chapter 
one. Jhally and Livant (1986), for example, define watching as living labour 
and strictly distinguish it from the fixed capital of media networks. What 
produces surplus value, they argue, is the act of watching. The technical 
machines that constitute the whole productive process, on the contrary, are 
seen as mere accumulated surplus labour. The productive role of watching 
is limited to the consumption of advertisements, which in turn accelerates 
and expands the consumption of commodities. In short, the surplus value 
appropriated by media networks is produced by the living labour of the work-
ers who produced those commodities in the first place. Jhally and Livant’s 
account of the attention economy thereby repeats Marx’s distinction between 
living labour and machinery. From the perspective of Anti- Oedipus, however, 
it can be argued that the attention economy counteracts the tendency of the 
falling rate of profit by reterritorializing the enormous productive powers 
unleashed by post- Fordism in the form of automation and information tech-
nologies. This means that the attention economy uses the most advanced 
cybernetic machines as a way of transforming flows of desire into a new 
source of valorization. In other words, the attention economy uses the deter-
ritorialized productive powers to appropriate the deterritorialized flows of 
desire and, in this way, to reterritorialize them as a new source of profit. The 
decrease in the rate of profit is therefore counteracted by reterritorializing an 
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increasing number of deterritorialized flows of desire through increasingly 
more complex algorithms that turn these flows into active elements in the 
self- valorization process of capital. Deleuze and Guattari add that in order 
to understand the capitalist relation between machines and surplus value that 
grounds the tendency of the falling rate of profit, a second conceptual distinc-
tion is necessary between surplus value of code and surplus value of flux.12

Surplus Value of Code and Surplus Value of Flux

It has been mentioned above that according to Anti- Oedipus, every society 
comprises a specific form of organizing flows of desire and that, ultimately, 
there are two ways in which such organization can occur, that is, qualitatively 
or quantitatively (Holland 1999, p. 64). Based on the distinction between a 
qualitative (symbolical) and quantitative (economic) organization of codes, 
Deleuze and Guattari distinguish between surplus value of code and surplus 
value of flux (AO, p. 248). Non- capitalist societies, they argue, organize 
flows of desire by coding them, that is, by fixing them to stable surfaces of 
inscription. In this regard, non- capitalist societies produce surplus value of 
code, which means that ‘social codes determine what is of value and therefore 
worth accumulating’ (Holland 1999, p. 64). Capitalism, in contrast, produces 
surplus value of flux.13 In capitalist societies, the category of value does not 
refer to fixed codes but to an abstract, deterritorialized measure. Therefore, 
capitalist surplus value is not produced by accumulating meaningful objects 
but depends on a strictly quantitative operation that creates a difference 
between the quantity of capital invested and the quantity of capital that 
returns (AO, p. 248). In capitalism, the production of surplus value does not 
depend on the qualitative character of what is produced but on the quantita-
tive difference between the money invested in the production of a commodity 
and the money that returns as profit.14

Nevertheless, Deleuze and Guattari acknowledge that the distinction 
between surplus value of code and surplus value of flux is merely analytical. 
In reality, these two flows operate as complementary aspects of capitalist 
production of surplus value:

In defining precapitalist regimes by a surplus of code, and capitalism by a gen-
eralized decoding that converted this surplus of code into a surplus of flux, we 
were presenting things in a summary fashion, we were still acting as though the 
matter were settled once and for all, at the dawn of a capitalism that had lost all 
code value. This is not the case however. (AO, p. 253)

This means that, despite substituting surplus value of flux for surplus value of 
code as the general aim of the production process, capitalism still requires the 
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latter in order to ensure the production of the former. In order to explain this 
(i.e. how a surplus value of code complements the production of a surplus value 
of flux in contemporary capitalism), Deleuze and Guattari use the example of 
technology. Technical machines, they argue, presuppose specific flows of code 
which ‘are both interior and exterior to the machine, forming the elements of 
a technology and even a science’ (AO, p. 253). With the progressive develop-
ment of technical machines, the flows of codes necessary to operate them 
become more and more complex. Whereas a simple machine or tool depended 
almost completely on the virtuosity of the worker, a cybernetic machine oper-
ates through an extremely complex code that is completely alien to the user.15 
For Deleuze and Guattari, capitalism has deterritorialized the flows of code to 
such a degree that the cybernetic machine has been able to absorb them ‘in its 
body or its structure as a field of forces, while depending on a science and a 
technology, on a so- called intellectual labour distinct from the manual labour 
of the worker’ (AO, p. 253). In a way that resonates with Alquati’s (1962; 
1963) account of the organic composition of capital at the Olivetti factory, 
Deleuze and Guattari argue that cybernetic machines absorb deterritorial-
ized flows of intellectual labour to the same extent that industrial machines 
absorbed deterritorialized manual labour. Moreover, the resemblance to Italian 
post- Marxism is reinforced by Deleuze and Guattari’s statement according to 
which in post- Fordism ‘knowledge, information, and specialised education are 
just as much parts of capital (‘knowledge capital’) as is the most elementary 
labour of the worker’ (AO, p. 255). Deleuze and Guattari thereby question the 
traditional opposition between living labour and machines by introducing the 
concepts of surplus value of code and surplus value of flux.

Furthermore, the authors argue that in post- industrial societies, technical 
machines absorb the decoded flows of code and put them at the service of a 
new axiomatic: the world capitalist market. This axiomatic, which subsumes 
all the technical and scientific flows of code that organize the productive 
process, is ‘much severer than all the scientific axiomatics, much severer too 
than all the old codes and overcodes that have disappeared’ (AO, p. 254). 
The attention economy has to be understood as a result of the encounter 
between the development of technology in the form of cybernetic machines 
and the new axiomatic that subsumes these machines to the world capital-
ist market. In this sense, the prime functions of the attention economy are 
to harvest information about the processes that regulate the production and 
consumption of commodities and to turn this information into a new form of 
generating capital. The productive powers unleashed by the development of 
science and technology are hence reterritorialized for the sake of capital. In 
brief, Deleuze and Guattari explain, what happens is that the flows of code 
that are ‘liberated’ in science and technics by the capitalist regime engender a 
machinic surplus value that does not directly depend on science and technics 
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themselves but on capital— a surplus value that is added to human surplus 

value and that comes to correct the relative diminution of the latter, both of 

them constituting the whole of the surplus value of flux that characterizes the 

system. (AO, P. 255)

As can be seen, Deleuze and Guattari introduce the concept of machinic surplus 

value as a way of ‘correcting’ Marx’s theory of surplus value and hence offering 

a more suitable explanation of the role of cybernetic machines in post- industrial 

capitalism. It could be added that the concept of machinic surplus value rein-

forces the similarities between Anti- Oedipus and Italian post- Marxism in the 

sense that it attempts to explain the productive role of technology in a post- 

industrial context.

Machinic Surplus Value

In order to understand the concept of machinic surplus value (and the notions 

of machinic labour and machinic time that underlie it), it is useful to refer to 

Deleuze and Guattari’s A Thousand Plateaus. In the book’s fourteenth chap-

ter, Deleuze and Guattari oppose the notions of the smooth and the striated 

to explain two forms in which desire can be spatially organized.16 In general 

terms, these concepts refer to two forms of distributing movement within a 

given space: Smooth (or nomad) space defines movement freed from any 

fixed or hierarchic trajectory, whereas striated (or sedentary) space structures 

and organizes movement according to stable points that delimit its range 

and extension. Put differently, smooth space tends to absolute movement in 

which variation is intensive, while striated space organizes movement in a 

way that variation can only manifest itself extensively (Roffe 2005, p. 296). 

To a certain extent, it could be said that smooth space tends towards the deter-

ritorialization of movement and striated space towards its reterritorialization 

(Conley 2005, p. 213).

In order to illustrate the difference between smooth and striated spaces, 

Deleuze and Guattari distinguish labour from free action: While the latter 

belongs to the domain of smooth space, the former can be seen as a result of 

striated space (ATP, p. 541). More specifically, Deleuze and Guattari contend 

that it is only with the emergence of the State apparatus (i.e. the institutional 

organization of striated space) that free action is systematically transformed 

into labour (ATP, p. 541). This is so mainly for two reasons:

First, because labour appears only with the constitution of a surplus, there is 

no labour that is not devoted to stockpiling; in fact, labour (in the strict sense) 

begins only with what is called surplus labour. Second, labour performs a 

generalized operation of striation of space- time, a subjection of free action, a 

nullification of smooth spaces. (ATP, p. 541)
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In chapter one, it was argued that labour should not be understood as a human 
essence but as a strictly capitalist category according to which human activ-
ity is subsumed under the logic of value (which entails both abstraction and 
measurability). In this sense, it can be said that labour constitutes a reter-
ritorialization of human activity: Labour demands a striated space- time that 
functions as its abstract measure. Furthermore, by subsuming labour to the 
striated category of value, the State apparatus measures labour in relation to 
the amount of surplus that it does or does not produce.17 In other words, the 
State is constantly measuring the value of living labour against that of dead, 
accumulated labour.

With the development of technology, however, labour becomes ‘less and 
less distinguishable’ from its surplus (ATP, p. 542). This is so because tech-
nology (which is itself surplus labour accumulated as fixed capital) begins 
to gradually replace portions of labour within the valorization process of 
capital. In an account that parallels Antonio Negri’s deconstruction of Marx’s 
law of value examined in chapter two, Deleuze and Guattari ask, ‘how could 
one possibly distinguish between the time necessary for reproduction and 
‘extorted’ time, when they are no longer separated in time?’ (ATP, p. 542). 
For Deleuze and Guattari, the merging of labour and surplus labour put forth 
by the development of the productive forces does not ‘contradict the Marxist 
theory of surplus value’ (ATP, p. 542). On the contrary, the authors contend, 
Marx was the first one to acknowledge that with the development of the pro-
ductive powers, ‘surplus value ceases to be localizable’ (ATP, p. 542). In this 
sense, Marx’s ‘fundamental contribution’ was to suggest that with the devel-
opment of capitalism, ‘machines would themselves become productive of 
surplus value’ and that this would in turn ‘challenge the distinction between 
variable and constant capital’ (ATP, p. 542). Once again there is a close simi-
larity between Deleuze and Guattari’s argument and the Italian post- Marxist 
reinterpretation of Marx. Pushing this resemblance further, Deleuze and 
Guattari contend that in post- industrial capitalism ‘it remains true that all 
labour involves surplus labour; but surplus labour no longer requires labour’ 
(ATP, p. 542). This means that post- industrial capitalism

operates less and less by the striation of space- time corresponding to the physi-
cosocial concept of work. Rather, it is as though human alienation through sur-
plus labour were replaced by a generalized ‘machinic enslavement’, such that 
one may furnish surplus value without doing any work. (ATP, pp. 542– 543)

The physicosocial notion of labour consists of the reterritorialization of 
human activity under a striated space- time (abstract labour time). This notion 
of labour informed classical political economy as well as Marx’s labour the-
ory of value.18 It also informed Marx’s treatment of the tendency of the rate of 
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profit to fall. In post- industrial societies, however, the application of informa-
tion technologies in the productive process unveils a cognitive and immate-
rial dimension of human activity, which demands a new conceptualization 
of labour, time and surplus value.19 In this new productive context, surplus 
value is no longer produced only by reterritorializing human activity under a 
striated space- time but by integrating cybernetic machines together with the 
cognitive dimension of labour. This integration produces what Deleuze and 
Guattari call machinic surplus labour, that is, a specific surplus of productive 
energy that does not necessarily involve labour (understood as the striated 
expenditure of human energy measured in terms of abstract time) or labour 
time but which nonetheless produces machinic surplus value.

To illustrate this, Deleuze and Guattari refer to the act of watching televi-
sion (ATP, p. 543). Television viewers, they argue, can generate machinic 
surplus labour (which can then be monetized by television networks) without 
having to perform any work in the physicosocial sense of the term (i.e. as 
the physical expenditure of human energy measured in terms of an abstract 
space- time striation).20 Accordingly, it can be said that the attention economy 
is a mechanism that transforms human attention into a source of machinic 
surplus labour. This means that the attention economy does not subsume 
human activity under abstract- time, but it integrates the cognitive dimension 
of labour together with the productive forces unleashed by technological 
transformation. In this sense, the traditional categories of labour and labour 
time appear as insufficient to understand the production of surplus value in 
the attention economy. Furthermore, the concept of machinic labour chal-
lenges the traditional understanding of the organic composition of capital 
that places living labour on the one side and machines on the other.21 Put 
differently, in post- industrial capitalism, the concepts of constant and vari-
able capital become an obsolete framework to explain the relation between 
labour, value and technology. For Deleuze and Guattari, these notions need 
to be replaced by an understanding of capitalism that takes into account the 
distinction between smooth and striated spaces.

The present- day accelerated forms of the circulation of capital are making the 
distinctions between constant and variable capital, and even fixed and circulat-
ing capital, increasingly relative; the essential thing is instead the distinction 
between striated capital and smooth capital, and the way in which the former 
gives rise to the latter through complexes that cut across territories and States. 
(ATP, p. 543)

However, Deleuze and Guattari note that contemporary capitalism does not 
simply replace labour as reterritorialized human activity with deterritorial-
ized machinic surplus value.22 Instead, post- industrial capitalism articulates 
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machinic and human labour as two aspects of contemporary power forma-
tions: On the one hand, the striated space– time definition of labour ‘relates 
primarily to the state pole of capitalism, in other words, to the role of the 
modern State apparatuses in the organization of capital’ (ATP, p. 543); on 
the other hand, ‘a new smooth space is produced in which capital reaches 
its “absolute” speed, based on machinic components rather than the human 
component of labour’ (ATP, p. 543).

With the concept of machinic surplus value, Deleuze and Guattari offer a 
reinterpretation of the relationship between labour and machines that over-
comes the opposition between fixed and variable capital. This concept allows 
Deleuze and Guattari to unveil the historical limits of the physicosocial 
definition of labour that informs Marx’s analysis of the organic composition 
of capital and which lies at the heart of his definition of the core contradic-
tion of capital (i.e. the tendency of the rate of profit to fall). What becomes 
clear is that the traditional notion of labour on its own can no longer sustain 
an adequate explanation of the way in which surplus value is produced in 
contemporary capitalism. Furthermore, the concept of machinic surplus value 
makes it possible to interpret the transformations of production given rise to 
by post- industrial capitalism from the immanent standpoint of the twofold 
movement of deterritorialization and reterritorialization. All of this reinforces 
the similarity between Anti- Oedipus and the Italian post- Marxist reading of 
Marx. Nevertheless, Deleuze and Guattari’s reinterpretation of the organic 
composition of capital goes further than that of Italian post- Marxism in so 
far as Anti- Oedipus’ novel definition of machines attempts to break with the 
common understanding of machines as technical machines.

DESIRING- MACHINES AND THE 
ILLEGITIMATE USE OF SYNTHESES

It was mentioned at the beginning of this chapter that Deleuze and Guattari 
offer a new definition of machines. With the concept of desiring- machines 
(which is based on their understanding of desire as the moving force that 
animates production in general), Deleuze and Guattari attempt a more pro-
found understanding of machines that is not limited to technical machines.23 
Furthermore, the concept of desiring- machines has important consequences 
for an analysis of the relation between value, labour and technology under 
post- Fordist conditions of production and for a critique of the attention 
economy. This concept allows Deleuze and Guattari to go beyond Italian 
post- Marxism in their reinterpretation of Marx. Instead of focusing on the 
representational framework of molar aggregates in which living- labour 
and technical machines appear as two separated elements, the concept of 
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desiring- machines calls for an examination of the passive processes that take 
place at the molecular level. This means that instead of imposing an external 
standpoint from where to evaluate the deficiencies of the capitalist mode 
of production, Anti- Oedipus develops an analysis of the syntheses of desire 
based on immanent criteria. For Deleuze and Guattari, ‘desiring- machines 
work according to regimes of syntheses that have no equivalent in the large 
[molar] aggregates’ (AO, p. 317). These syntheses constitute a threefold 
molecular process of desire that underlies all desiring- machines and which is 
absorbed by the molar aggregates.

Conceptually, a machine should be understood as a system of ‘interrup-
tions or breaks’ (AO, p. 38). A machine cuts a flow of desire and connects it 
to another flow of desire that has been cut by another machine (AO, p. 39).24 
Furthermore, the way in which each desiring- machine connects or cuts a flow 
of desire is determined by the surface of inscription ‘over which the forces 
and agents of production are distributed’ (AO, p. 11). In this sense, it could 
be argued that there is an analogy between the notion of desiring- machines 
from Anti- Oedipus and Stiegler’s concept of cinematic time analysed in 
chapter three. In both cases, there is an attempt to break with the traditional 
opposition between living labour and technical machines. In both cases, 
moreover, there is a primacy of the surface of inscription, which stands 
against any metaphysical account of living presence. In a manner that prefig-
ures Stiegler’s hypothesis, the concept of desiring- machine breaks with the 
traditional opposition between living labour and machinery, that is, between 
living human time and dead machinic memory. In this sense, Anti- Oedipus 
offers a reinterpretation of Marx’s organic composition of capital which, at 
the same time, unveils the historical limitations of his labour theory of value.

In addition to this, the conceptual framework that sustains both the concept 
of desiring- machine and that of cinematic time is based on a novel interpre-
tation of Kant’s theory of the threefold synthesis of imagination. In chapter 
three, it was shown that Stiegler grounds his theory of time on a rereading of 
the temporality of the threefold synthesis of imagination that challenges the 
basic presupposition of phenomenology (i.e. the primacy of the living present 
over any form of external memory). Likewise, Deleuze and Guattari suggest 
that desire should be understood as a set of three passive syntheses that ‘engi-
neer partial objects, flows, and bodies, and […] function as units of produc-
tion’ (AO, p. 28). Similarly to Stiegler’s interpretation, the three syntheses in 
Anti- Oedipus are both passive (they precede the subject’s constitution) and 
quasi- transcendental (they challenge the opposition between a living tempo-
rality of the subject and the empirical experience of historical movement).

Despite these resemblances, there is an essential difference between 
Stiegler and Deleuze and Guattari’s treatment of the three syntheses. While 
Stiegler explains the three syntheses by connecting them to Husserl’s primary, 

 

 

 



 Machines 123

      

secondary and tertiary memory, Deleuze and Guattari connect the three syn-
theses to Marx’s critique of political economy, specifically to his analysis 
of the three branches that constitute production in general (i.e. production, 
distribution and consumption). This main difference generates a series of dis-
crepancies between Stiegler’s and Deleuze and Guattari’s reinterpretations of 
the threefold synthesis which at the same time entails significant theoretical 
consequences for the analysis of the attention economy. Most significantly, 
it could be argued that from the perspective of Deleuze and Guattari’s 
immanent critique of the syntheses of desire, Stiegler’s condemnation of the 
industrialization of temporality seems to reintroduce an external standpoint 
from where the critique of contemporary capitalism is then developed. Unlike 
Stiegler, Deleuze and Guattari attempt a strictly immanent analysis of capital-
ism based on the legitimate and illegitimate uses of synthesis.

Legitimate and Illegitimate uses of Syntheses

One of the striking aspects of Anti- Oedipus is its attempt to develop an 
immanent critique of capitalism. This means a critique that is not based on 
any external standpoint (e.g. labour, desire, history, humanity) that works as 
a transcendent criterion. Instead, Deleuze and Guattari focus on capitalism’s 
internal contradictions, measured against the conceptual apparatus that it has 
made possible. To do this, Deleuze and Guattari examine the core contradic-
tion of capitalism by focusing on the legitimate and illegitimate uses of the 
syntheses of the unconscious. Deleuze and Guattari borrow this distinction 
from Kant’s Critique of Pure Reason.25 In this treatise, Kant attempts a justi-
fication of knowledge grounded strictly in the laws of reason itself.26 In order 
to achieve this, Kant distinguishes between the immanent, legitimate use of 
judgement and the illegitimate, dogmatic use. What defines the legitimate use 
is that it is grounded strictly in the transcendental categories of understanding, 
whereas the illegitimate use relies either on empirical data or on dogmatic 
beliefs.27 Accordingly, Deleuze and Guattari suggest that, given the syntheses 
of the unconscious, ‘the practical problem is that of their use, legitimate or 
not, and of the conditions that define a use of synthesis as legitimate or not’ 
(AO, p. 76). The reason why Deleuze and Guattari refer to the Kantian dis-
tinction between legitimate and illegitimate uses of synthesis is the immanent 
aspiration of their own materialist project. They explain it in the following 
manner:

For a simple reason, we again make use of Kantian terminology. In what he 
termed the critical revolution, Kant intended to discover criteria immanent 
to understanding so as to distinguish the legitimate and the illegitimate uses 
of the syntheses of consciousness. In the name of transcendental philosophy 
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(immanence of criteria), he therefore denounced the transcendent use of synthe-
ses such as appeared in metaphysics. (AO, p. 83)

The task of Anti- Oedipus is to examine the legitimate and illegitimate uses of 
the syntheses of the unconscious in capitalist societies.28 To do so, Deleuze 
and Guattari identify a twofold movement of deterritorialization and reter-
ritorialization, which defines the basic contradiction of the capitalist mode of 
production: On the one hand, it puts forward an enormous deterritorializing 
force, which undermines every previous fixed code norming society, while 
on the other it reterritorializes all these decoded flows as private property and 
private desire in order to reproduce the uneven social relations that ground 
the production of surplus value (AO, p. 281).

A critical account of the attention economy that follows Deleuze and 
Guattari’s methodological lesson cannot hence focus on the external stand-
points of the alienation of labour (Beller 2006) or the industrialization of 
desire (Stiegler 2011a) but must rather concentrate on the immanent con-
tradictions of the capitalist mode of production. It is from this immanent 
perspective that the attention economy appears as a power apparatus aimed 
at reterritorializing the productive powers unleashed by the post- industrial 
transformations of the productive process. To develop this immanent analy-
sis and to unveil its main differences with Stiegler’s interpretation of the 
attention economy, it is necessary to engage in a critical examination of the 
three passive syntheses of the unconscious that constitute the category of 
desiring- machines.

The Three Passive Syntheses of the Unconscious

For Deleuze and Guattari, desiring- machines work according to a threefold 
process of connection, disjunction and conjunction (AO, p. 45). In general 
terms, the structure of the three passive syntheses of Anti- Oedipus mimics 
that of the threefold synthesis of imagination from the first edition of Kant’s 
Critique of Pure Reason analysed in  chapter 3.29 For Kant, the three syntheses 
are apprehension, reproduction and recognition. The first one apprehends the 
sensible manifold given to perception. In this sense, the first synthesis is an a 
priori principle capable of identifying the manifold as manifold (CPR, p. 229). 
As shown in  chapter 3, Heidegger interprets the synthesis of apprehension as 
a synthesis that introduces discontinuity in the flow of time, hence making 
it possible to experience each now as a separate instant (KPM, pp. 184– 5). 
In similar fashion, Deleuze and Guattari argue that the first synthesis of the 
unconscious apprehends the flows of desire by introducing cuts in an imma-
nent field of intensities (libido; AO, p. 6). Deleuze and Guattari call this first 
synthesis ‘connective synthesis’. At the same time, they acknowledge the fact 
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that in order to connect the flows of desire, the first synthesis must introduce 
discontinuity between them. In other words, only partial objects that are dis-
continuous can be subject to a connective synthesis.

Chapter 3 also showed that for Kant the first synthesis can only apprehend 
a particular sensible data as long as a second synthesis ensures its basic condi-
tion of possibility, that is, a second synthesis that reproduces the apprehended 
sensible data, even when this data has vanished from perception (CPR, 
p. 230). Similarly, the second synthesis of the unconscious in Anti- Oedipus 
records the apprehended flows of desire onto a surface of inscription. To do 
so, it takes some of the energy of production (libido) and turns it into energy 
of recording (AO, p. 14). What is essential in the second synthesis, Deleuze 
and Guattari contend, ‘is the establishment of an enchanted recording or 
inscribing surface that arrogates to itself all the productive forces and all the 
organs of production, and that acts as a quasi- cause by communicating the 
apparent movement (the fetish) to them’ (AO, p. 13). This means that the 
recorded energy (precisely for being recorded) falls back on the flows of 
desire (libido), attracting them, appropriating them and creating the impres-
sion that the flows of desire miraculously emanate from the surface of inscrip-
tion (AO, p. 12). In the case of capitalism, for example, capital functions as 
the surface of inscription on which the abstract flows of labour are recorded. 
In capitalism, capital appears as the driving force behind labour. This is what 
Marx calls the subsumption of living labour to capital. Nevertheless, from the 
perspective of Anti- Oedipus’ second synthesis this subsumption should not 
be understood in terms of false consciousness or ideology but rather as ‘true 
consciousness of a false movement, a true perception of an apparent objective 
movement, a true perception of the movement that is produced on the record-
ing surface’ (AO, p. 11).

For Kant, the third synthesis is the synthesis of recognition, in which a 
concept of understanding subsumes the sensible data apprehended by percep-
tion and reproduced by imagination. The condition of possibility of the third 
synthesis is the a priori principle of transcendental apperception, which grants 
the unity of the subject (CPR, p. 232). In Anti- Oedipus, the third synthesis 
of the unconscious takes a portion of the energy of recording and transforms 
it into energy of consumption (consommation; AO, p. 18). Unlike Kant, 
however, Deleuze and Guattari contend that only when the recorded flows 
are consumed ‘something of the order of a subject’ emerges (AO, p. 17). In 
this regard, the subject is not a transcendental unity but ‘an appendix, or a 
spare part’ adjacent to the threefold process of production that constitutes a 
desiring- machine (AO, p. 21).30

The Kantian problem of the three syntheses constitutes a shared ground 
between Anti- Oedipus’ definition of desiring- machines and Stiegler’s treat-
ment of the notion of cinematic time. In chapter three, it was shown how 
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Stiegler employs Husserl’s notions of primary, secondary and tertiary 
memory in order to explain the temporal character of the three syntheses of 
imagination (TT3, p. 41). In doing so, Stiegler attempts to show the primacy 
of tertiary memory (external surface of inscription) in the process of produc-
tion of temporality. In Anti- Oedipus, the three syntheses of the unconscious 
respond to a similar logic: The surface of inscription determines the way in 
which desiring- machines connect to each other, taking over the process of 
production as if the flows of desire emanated from the surfaces of recording 
(AO, p. 12). Nevertheless, despite this shared ground between Stiegler and 
Anti- Oedipus, the singularity of the latter stems from the fact that it links the 
three passive syntheses of the unconscious to Marx’s treatment of the three 
branches of the productive process as understood by political economy: pro-
duction, distribution and consumption (AO, p. 45).

Production, Distribution and Consumption

In the 1857 Introduction, Marx engages in a critical account of the conceptual 
distinction between production, distribution and consumption used by politi-
cal economy to define the economic process (G, p. 89). According to Marx, 
political economy defines this ‘trite notion’ in the following way:

In production, the members of society appropriate (create, shape) the products 
of nature in accord to human needs; distribution determines the proportion in 
which the individual shares in the product […]; and finally, in consumption, the 
products become objects of gratification, of individual appropriation. (G, p. 89)

From this perspective, Marx adds, production appears as the result of ‘gen-
eral natural laws’, distribution as a ‘social accident’, and consumption as an 
‘end- in- itself’ (G. p. 89). Moreover, the act of consumption is thought of as 
belonging outside of the economic process, ‘except in so far as it reacts in 
turn upon the point of departure and initiates the whole process anew’ (G, 
p. 89). For Marx, this is a shallow understanding of the productive process 
since it conceives the spheres of production, distribution and consumption as 
independent from each other, failing to grasp the unity among them and their 
relations to the social whole (G, p. 90). According to Marx, political econo-
my’s account of consumption and distribution naturalizes a specific idea of 
human needs and desires. By contrast, Marx shows that production, distribu-
tion and consumption are not independent spheres regulated by the rational 
exchange between individuals (motivated by ‘natural’ needs and desires) but 
rather that these spheres are determined by the relations of production gov-
erning the social whole. This means that the desire that supposedly regulates 
the consumption of goods and which channels their distribution is itself the 
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result of the specific relations of production that govern a given society. This 
requires reconceptualizing the notions of consumption and distribution.

On the one hand, Marx argues, there is individual consumption of goods. 
This defines political economy’s basic understanding of consumption. On the 
other hand, however, there is ‘productive consumption’, that is, consumption 
of raw materials and of the instruments of production within the productive 
process (G, p. 90). From this perspective,

production does not only create an object for the subject, but also a subject for 
the object. Thus production produces consumption (1) by creating the material 
for it; (2) by determining the manner of consumption; and (3) by creating the 
products, initially posited by it as objects, in the form of a need felt by the con-
sumer. It thus produces the object of consumption, the manner of consumption 
and the motive of consumption. (G, p. 92)

Following the notion of productive consumption, Marx contends that human 
needs and desires appear as neither eternal nor natural but as the result of the 
specific technical conditions of production of a given society (and the social 
relations governing those conditions).31 As Louis Althusser (2009) puts it, 
‘individual consumption itself, which interconnects use- values and needs in 
an apparently immediate fashion […], refers us to the technical capacities of 
production on the one hand, and on the other to the social relations of pro-
duction’ (p. 184). The same happens at the level of distribution. For political 
economy, distribution refers to the distribution of commodities; hence, dis-
tribution appears as the natural result of the demands imposed by the sphere 
of consumption. For Marx, distribution contains a twofold definition: On the 
one hand, it can refer to the distribution of goods; on the other, to the distribu-
tion of the means of production, of income, and of men into social classes:

In the shallowest conception, distribution appears as the distribution of prod-
ucts, and hence as further removed from and quasi- independent of production. 
But before distribution can be the distribution of products, it is: 1) the distribu-
tion of the instruments of production, and 2) which is a further specification 
of the same relation, the distribution of the members of the society among the 
different kinds of production […] The distribution of products is evidently only 
a result of this distribution, which is comprised within the process of production 
itself and determines the structure of production. (G, p. 96)

Once again, Marx distinguishes between the productive forces and their rela-
tions of production. The common understanding of distribution as distribution 
of goods should be seen ‘only as the result’ of a different notion of distribu-
tion: ‘distribution of the members of society among the different kinds of pro-
duction’ (G, p. 96). By proceeding in this way, Marx shows that there can be 
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no anthropological definition of the economic subject beyond the historical 
specificities of each mode of production. At the same time, Marx’s analysis 
of the economic space demonstrates that both distribution and consumption 
are subordinated to the social relations that define the sphere of production. 
Furthermore, Marx distinguishes between the labour process and the relations 
of production that determine this process (G, p. 96). As Althusser puts it,

according to Marx, all production is characterized by two indissociable ele-
ments: the labour process, which deals with the transformation man inflicts 
on natural materials in order to make use- values out of them, and the social 
relations of production beneath whose determination this labour process is 
executed. (2009, p. 188)

In conclusion, Marx criticizes political economy for failing to grasp how the 
relations of production of a given society affect each and every level of the 
economic process:

The conclusion we reach is not that production, distribution, exchange and con-
sumption are identical, but that they all form the members of a totality, distinc-
tions within a unity. Production predominates not only over itself […] but over 
the other moments as well […] A definite production thus determines a definite 
consumption, distribution and exchange as well as definite relations between 
these different moments. Admittedly, however, in its one- sided form, production 
is itself determined by the other moments […] Mutual interaction takes place 
between the different moments. This is the case with every organic whole. (G, 
pp. 99– 100)32

Anti- Oedipus connects the three passive syntheses with the Marxist analy-
sis of production, distribution and consumption. According to Deleuze and 
Guattari, the three passive syntheses of the unconscious ‘make the process 
of desiring- production at once the production of production, the production 
of recording, and the production of consumption’ (AO, p. 45). In this sense, 
it could be argued that Anti- Oedipus sets forth a critique of the anthropologi-
cal understanding of desire in a manner that mimics Marx’s criticism of the 
anthropological understanding of the economic process. For Deleuze and 
Guattari, desire is not limited to the sphere of consumption and hence inde-
pendent from the sphere of production. In fact, with the notion of desiring- 
production, these authors define desire as a threefold passive process which 
includes production, distribution and consumption. Explicitly referring to 
Marx, Deleuze and Guattari contend that each aspect of this threefold process 
does not represent an independent sphere but rather that they are all subsumed 
under the given relations of production that govern the social whole:
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The real truth of the matter […] is that there is no such thing as relatively 
independent spheres or circuits: production is immediately consumption and 
a recording process, without any sort of mediation, and the recording process 
and consumption directly determine production, though they do so within 
the production process itself. Hence everything is production: production of 
productions, of actions and of passions; production of recording process, of 
distributions and of co- ordinates that serve as points of reference; productions 
of consumptions, of sensual pleasures, of anxieties and of pain. Everything is 
production, since the recording processes are immediately consumed, imme-
diately consummated, and these consumptions directly reproduced. (AO, p. 4)

This interpretation of the three passive syntheses (which challenges the 
conceptual distinction between the spheres of production, distribution and 
consumption) has important consequences for a critique of the attention 
economy. By challenging the economic separation between production and 
consumption, Anti- Oedipus makes it possible to question the traditional 
understanding of the attention economy. As shown in the previous chapters, 
the attention economy is commonly seen from the perspective of consump-
tion. This means that the attention economy’s main aim is to capture human 
attention in order to distribute advertising messages and hence to accelerate 
the consumption of commodities (and with it the realization of surplus value). 
This reproduces political economy’s understanding of the economic process 
according to which consumption is the moving force of any economy, pre-
supposing a given definition of consumption as the ‘natural’ expression of 
human needs and desires. Furthermore, it naturalizes a given idea of the sub-
ject: For political economy, the desire that moves consumption is inherent to 
subjectivity. Therefore, the role of the attention economy is to channel human 
desire towards one commodity or another (which in turn does not change the 
subject’s constitution).

Deleuze and Guattari’s interpretation of Marx provides a theoretical frame-
work from where to critique the anthropocentric definitions of desire and sub-
jectivity that ground the traditional understanding of the attention economy. 
For Deleuze and Guattari, production, distribution and consumption belong 
to one general process of production (AO, p. 4). This means that the attention 
economy should be analyzed not from the standpoint of consumption but 
from that of production. From this perspective, the attention economy appears 
as a large machine aimed at the production of valorization information. 
According to Jhally and Livant’s (1986) interpretation presented in chapter 
one, the attention economy is capable of generating surplus value because it 
produces an audience. More specifically, it produces the attention time of an 
audience. This attention time is then sold to advertisers, hence creating profit. 
In the age of the Internet and BIG DATA, besides producing an audience, 
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the attention economy produces meta- information, which allows segment-
ing that audience into a series of ‘blocs of attention’ (Beller 2006, p. 234). 
Furthermore, the attention economy uses this meta- information to merge the 
spheres of production, distribution and consumption and to regulate the pro-
duction of commodities. In this way, the attention economy makes it possible 
to turn information into a source of what Deleuze and Guattari have defined 
as machinic surplus value.

In chapter two, it was shown that with the development of technology, 
information becomes central to capital’s self-valorization process. In this 
regard, it was argued that the attention economy generates surplus value by 
turning human micro- decisions into an endless source of information that is 
then used to unify consumption and production into one large process of capi-
talist valorization (blurring the distinction between labour time and leisure 
time as well as drastically changing the mechanisms of capitalist exploita-
tion). Anti- Oedipus allows to take this hypothesis further and to argue that 
the attention economy turns the meta- information it produces into an active 
source of machinic surplus value. This means that individuals produce sur-
plus value not because they work (in the physicosocial sense of the word) but 
because the attention economy transforms subjectivity itself into a territory 
of capitalist valorization.33 In doing so, the attention economy reterritorial-
izes the productive powers unleashed by technological development under a 
privatized conception of desire and labour. Therefore, the attention economy 
carries out a twofold objective: On the one hand, it achieves an economic 
function by transforming subjectivity into a new source of surplus value, thus 
expanding the cycle of capitalist valorization and counteracting the tendency 
of the falling rate of profit; on the other hand, the attention economy plays 
an important role as a power apparatus, reterritorializing a private notion of 
desire and then turning it into a source of information used to organize society.

TOWARDS AN IMMANENT CRITIQUE 
OF THE ATTENTION ECONOMY

In Anti- Oedipus, the three passive syntheses constitute the basic structure of 
desiring- machines, the central category for a critique of the political economy 
of the unconscious. As mentioned above, whereas Stiegler explains these 
three syntheses based on his interpretation of the three forms of memory in 
Husserl’s phenomenology of time, Deleuze and Guattari connect the three 
syntheses to the three levels of the economic cycle as they appear in Marx’s 
critique of political economy. This difference entails important consequences 
for a critique of the political economy of desire and hence for an immanent 
account of the attention economy.
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In chapter one, it was shown that according to Marx, the merit of politi-
cal economy was to discover labour as the subjective essence of all wealth 
(Marx 1977, p. 89). This simple abstraction, ‘labour as such’, appears as a 
general category that explains production in all forms of society. However, 
Marx suggests that this general category can be formulated only under cer-
tain conditions of production that universalize an abstract understanding of 
productive activity. In other words, despite the fact that Marx claims that 
political economy is correct in this particular respect (the discovery of the 
subjective essence of wealth), he quickly notes the methodological problem 
at stake: Labour as a general abstraction is not a universal and eternal cat-
egory but the result of very specific conditions of production under which 
such an abstraction can be thought of (G, p. 104). Political economy ‘discov-
ers’ the subjective essence of wealth and then quickly tries to apply it to all 
forms of pre- capitalist modes of production to ‘smuggle in’ the bourgeois 
relations of production as ‘eternal natural laws independent of history’ (G, 
p. 87). According to Marx, the category of labour in its abstract form is thus 
best interpreted as the result of a highly developed mode of production (G, 
p. 104). This means that only under capitalist conditions of production (which 
subsume labour to the wage system and thus turn it into an abstract commod-
ity that can be valued and exchanged) can labour be conceived of as a general 
abstraction. Therefore, Marx concludes, despite its universality (and precisely 
because of its ‘abstractness’) the specific category of labour possesses its ‘full 
validity’ only for and within the historical relations that made its abstraction 
possible, that is, capitalism (G, p. 105).

The same methodological concern underlies the account offered in Anti- 
Oedipus of the three passive syntheses of the unconscious. For Deleuze and 
Guattari, these syntheses appear as the transcendental structure of desiring- 
machines but also as a historically specific framework valid only for an 
analysis of the capitalist mode of production. On the one hand, Deleuze and 
Guattari contend that the three syntheses can be used to ‘retrospectively 
understand all history’ (AO, p. 153). In this sense, the three syntheses consti-
tute an abstract category that explains the most basic mechanisms of social 
constitution at a molecular level. On the other hand, however, Deleuze and 
Guattari add that this is possible ‘provided that the rules formulated by Marx 
are followed exactly’ (AO, p. 153). This means that, despite its universality 
(and precisely because of its deterritorialized character), the threefold syn-
thesis of the unconscious as a framework for social analysis possesses full 
validity only for and within the historical context of capitalism.34

Anti- Oedipus achieves a historization of the theory of the three syntheses 
that is absent in Stiegler’s account. This does not imply merely acknowledg-
ing that the threefold synthesis is itself a historical phenomenon but that its 
conceptualization is only historically possible, thanks to the deterritorializing 
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tendency of capitalism. In the phenomenological tradition (Kant, Husserl 
and Heidegger), the theory of the three passive syntheses constitutes an 
abstract framework which explains the constitution of time as a subjective 
essence. Following Marx’s methodological lesson, however, it is possible 
to argue that the theory of the three syntheses can be conceptualized only 
under given historical conditions. Put differently, an abstract framework that 
explains abstract time as a transcendental character of subjectivity (free from 
empirical, objective, determination) can only be the result of a specific social 
context in which human activity has been simplified and subsumed under the 
category of abstract labour.

From this perspective, it could be said that Stiegler’s interpretation of 
the three passive syntheses lacks historical self- awareness. It overlooks the 
historical specificity that ties his concept of cinematic time to an immanent 
critique of capitalism. Stiegler’s theory of originary technicity challenges the 
phenomenological opposition between living time and dead technical mem-
ory. However, Stiegler’s concept of cinematic time can be said to be grounded 
on an ahistorical interpretation of the threefold synthesis. Stiegler attempts a 
quasi- transcendental interpretation of the threefold synthesis, according to 
which the production of temporality rests upon an ongoing process of techni-
cal exteriorization. Expressed in Marxist terms, Stiegler ‘discovers’ a subjec-
tive essence that places technical exteriorization at the very core of the human 
constitution. At the same time, however, Stiegler deploys a quasi- empirical 
framework in which he uses the work of anthropologist Leroi- Gourhan in 
order to show how his quasi- transcendental theory can be traced back to the 
origin of humanity.35 In doing so, Stiegler tries to ‘smuggle in’ a universal, 
transhistorical concept of technology, thus neglecting the fact that only in an 
age of industrial machinery (in which humans have become an appendage 
to the machine) can an abstract definition of technology be ‘discovered’ and 
posed as the subjective essence of human constitution.

By contrast, Anti- Oedipus’ concept of desiring- machines constitutes a 
quasi- transcendental theory, which is immanent to capitalism. By connecting 
the three syntheses to the three levels of the economic process, Deleuze and 
Guattari emphasize the direct relation between their novel concept of machine 
and the movement of deterritorialization that made this concept possible (AO, 
p. 35). This means that the theory of the three syntheses in Anti- Oedipus can-
not be disentangled from the relations of production that govern capitalist 
society and which grant the reproductive cycle of capital. This introduces a 
second difference between Anti- Oedipus and Stiegler’s interpretation of the 
three syntheses: their social character.

For Deleuze and Guattari, there is no distinction between desiring-  and 
social- machines (AO, p. 35). This means that desiring- machines are always 
socially inscribed. This is sustained by the fact that Deleuze and Guattari 
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connect the three passive syntheses of the unconscious to the three levels 
of the economic cycle. In Marx’s critique of political economy, production, 
distribution and consumption appear as three regional manifestations of a 
global structure governed by the specific relations of production of a given 
society (Althusser 2009, p. 202). This implies a critique of the anthropologi-
cal understanding of production, distribution and consumption that character-
izes political economy. Most significantly, Marx contends that the individual 
producer is always the result of highly developed social relations (G, pp. 83– 
4).36 In similar fashion, Deleuze and Guattari challenge the anthropological, 
individual account of desire. For these authors, there is no separation between 
social production on the one hand, and individual desire on the other:

The truth of the matter is that social production is purely and simply desiring- 
production itself under determinate conditions. We maintain that the social field 
is immediately invested by desire, that it is the historically determined product 
of desire, and that libido has no need of any mediation or sublimation […] in 
order to invade and invest the productive forces and the relations of production. 
There is only desire and the social, and nothing else. (AO, p. 31)

This implies an important difference from Stiegler’s critique of the politi-
cal economy of the unconscious (2006, p. 40). As shown in chapter three, 
for Stiegler, desire cannot be disjointed from the processes of individuation 
(2011c, p. 127). In order to develop his critique of contemporary capitalism, 
Stiegler opposes individual, singular desire (as the essential element of the 
process of individuation) to its systematic proletarianization (which conse-
quently implies a process of disindividuation). In other words, Stiegler devel-
ops his critique of post- industrial capitalism from the external standpoint of 
individual desire, arguing that individual desire is corroded by the massifica-
tion of industrial temporal objects (2012, p. 10). Chapter three also indicated 
that, for Stiegler, this process of proletarianization creates a ‘tendency for 
libidinal energy to decline’, whereby capitalism undermines its own moving 
force (2011c, p. 63). With this formula, Stiegler attempts to overcome Marx’s 
analysis of the internal limit of capitalism based on the opposition between 
living labour and machines. The problem, however, is that Stiegler introduces 
a new metaphysical perspective that naturalizes individual desire.

By contrast, Deleuze and Guattari contend that there is no difference 
between desiring-  and social- machines. That is, there is no opposition 
between individual desire and social production. In Anti- Oedipus, the critique 
of capitalism is developed through the immanent criteria of the legitimate 
and illegitimate uses of syntheses, that is, from the standpoint of capitalism’s 
internal contradictions (without resource to any external point of view). From 
this perspective, the tendency of the rate of profit to fall (i.e. capitalism’s 
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internal limit) is grounded on neither the opposition between living labour 
and machines nor the opposition between individual desire and its proletari-
anization. From the perspective of Anti- Oedipus, capitalism’s internal barrier 
is the twofold movement of deterritorialization and reterritorialization imma-
nent to capital itself. Furthermore, by connecting the immanent structure of 
desiring- machines (i.e. the threefold synthesis of the unconscious) to the three 
levels of the economic cycle, Deleuze and Guattari highlight the immanent 
relation between individual desire and the relations of production governing 
each mode of production.

These differences between Stiegler’s and Anti- Oedipus’ ‘political econ-
omy of desire’ manifest themselves in the critical approach to the attention 
economy. For Stiegler, the problem with the attention economy is that it nor-
malizes a given temporal experience (‘real- time’) and hence destroys the tem-
poral gap between desire and its satisfaction. Since this gap is necessary for 
the processes of individuation, Stiegler contends that its corruption implies a 
systematic disindividuation, which leads to ‘political and economic disarray’ 
(2011a, p. 58). In this regard, Stiegler restores a universal criterion through 
which he is able to identify the negative effects that the attention economy 
carries for the ‘natural’ processes of individuation. From the perspective of 
Anti- Oedipus, however, the attention economy has to be examined using 
strictly immanent criteria. This means, to understand the attention economy 
as a concrete power apparatus aimed at the reterritorialization of the flows 
of desire and labour unleashed by post- industrial capitalism: The attention 
economy uses cybernetic technologies in order to capture the molecular level 
of desiring- machines and translate it into molar aggregates (e.g. it uses the 
most advanced algorithms in order to turn human attention into a source of 
statistical and demographic data about a given population).

As mentioned above, for Deleuze and Guattari, there is no difference 
between technical and social machines, but there is only a difference between 
the molecular and the molar regimes that govern them (AO, p. 35). The same 
machines, therefore, ‘can be both technical and social’ depending on the per-
spective they are analyzed from (AO, p. 155). Deleuze and Guattari illustrate 
this using Lewis Mumford’s example of the clock. As a technical machine, 
the clock measures time in uniform units. As a social machine, however, it 
‘reproduces canonic hours and assures order in the city’ (AO, p. 155). In the 
same way, the cybernetic machines that characterize post- Fordism are techni-
cal machines that make it possible to automatize the production of commodi-
ties, to appropriate science and technology as active elements of the direct 
production process, and hence to unleash an enormous productive power. 
But these cybernetic machines are also social machines that operate as a 
concrete power apparatus aimed at reterritorializing the unleashed productive 
powers under the axiomatic of the world capitalist market, thus preventing 
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the decoded flows of desire and labour from undermining the foundations of 
capitalist society. This twofold perspective of technical and social machines 
ultimately entails that the analysis of technical machines alone explains noth-
ing (N, p. 175). What is necessary is an analysis of the social forms capable 
of producing and making use of these technical machines, that is, a critical 
examination of ‘the collective apparatuses of which the machines are just one 
component’ (N, p. 175). This means that a critique of the attention economy 
cannot remain at the level of the examination of the cybernetic machines that 
transform the productive process (even if this makes it possible to reconcep-
tualize the relation between labour, technology and value) but must move 
towards the analysis of the power diagram that produces and makes use of 
these new technologies.

NOTES

1. For Deleuze and Guattari, from the perspectives of both mechanism and vital-
ism, the notion of machine appears as a metaphor to ‘account for the workings of the 
organism’ but is incapable of accounting for its own formation (AO, p. 312). Put dif-
ferently, Deleuze and Guattari (AO, p. 312) contend that mechanism (which explains 
the functioning of an organism as a machine, a ‘structural unity’) and vitalism (which 
‘invokes an individual and specific unity to the living’) reproduce an extrinsic rela-
tionship between machines and desire. This is so ‘either because desire appears as an 
effect determined by a system of mechanical causes, or because the machine is itself 
a system of means in terms of the aims of desire. The link between the two remains 
secondary and indirect, both in the new means appropriated by desire and in the 
derived desires produced by the machine’ (AO, p. 312). In short, with the concept of 
desiring- machines, Deleuze and Guattari attempt to overcome the extrinsic relation 
between desire and machine that characterizes both mechanism and vitalism.

2. See, for example, Descombes (1998, pp. 173– 180).
3. Deleuze and Guattari argue that ‘the traditional logic of desire is all wrong 

from the very outset: from the very step that the Platonic logic of desire forces us to 
take, making us choose between production and acquisition. From the moment that 
we place desire on the side of acquisition, we make desire an idealistic conception, 
which causes us to look upon it as primarily a lack: a lack of an object, a lack of the 
real object’ (AO, p. 26). Anti- Oedipus challenges both the psychoanalytical definition 
of desire (limited to the sphere of representation) and the Marxist view according to 
which desire belongs strictly to the ideological superstructure. Furthermore, it con-
tends that desire belongs to the infrastructure of society (AO, p. 114). Deleuze and 
Guattari write that ‘there is no such thing as the social production of reality on the one 
hand, and a desiring- production that is mere fantasy on the other […] The truth of the 
matter is that social production is purely and simply desiring- production itself under 
determinate conditions. We maintain that the social field is immediately invested by 
desire, that it is the historically determined product of desire, and that libido has no 
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need of any mediation or sublimation […] in order to invade and invest the produc-
tive forces and the relations of production. There is only desire and the social, and 
nothing else’ (AO, pp. 30– 1).

4. Eugene Holland suggests that the concept of desiring- production is ‘intended 
and deployed so as to link together libido and labour power and thereby close the gap 
between psychoanalysis and Marxism’ (1999, p. 8). In this regard, there is an anal-
ogy between Anti- Oedipus’ critique of psychoanalysis and Marx’s critique of politi-
cal economy. This means that both political economy and psychoanalysis achieve a 
significant ‘scientific discovery’ through the concepts of abstract labour and libido, 
respectively. At the same time, however, these two modes of representation fall back 
into their own private, individuated metaphysics, splitting their ‘subjective essence 
into two functions, that of abstract labour alienated in private property […] and that 
of abstract desire alienated in the privatized family’ (AO, p. 370). The critique put 
forth by Anti- Oedipus is therefore a critique of the metaphysical representations of the 
subject that sustains both political economy and psychoanalysis.

5. According to Ronald Bogue (1989), ‘what is most important in Anti- Oedipus, 
I believe, is not its critique of psychoanalysis or its conception of revolutionary poli-
tics, but its […] social history of the interrelationship of desire and power’ (p. 105). 
In Anti- Oedipus, Deleuze and Guattari identify at least three forms of organizing the 
flows of desire depending on the surface on which these flows are recorded: primi-
tive or savage societies (based on the territorial machine that inscribes the flows on 
the earth); despotic or barbaric societies (characterized by an over- coding of flows on 
the surface of the despot); and capitalist or civilized societies (radically different to 
the other two because, instead of coding the flows, it deterritorializes them). Ronald 
Bogue (1989) also suggests that ‘the designations ‘savage’, ‘barbaric’ and ‘civilized’, 
by which Deleuze and Guattari refer to the three forms of desiring- production, are 
taken from Engels’ tripartite periodization of history in The Origin of the Family, 
Private Property, and the State’ (p. 173, n. 11).

6. Deleuze and Guattari write: ‘When subjects, individuals, or groups act mani-
festly counter to their class interest […] it is not enough to say: they were fooled, 
the masses have been fooled. It is not an ideological problem, a problem of failing to 
recognize, or of being subject to, an illusion. It is a problem of desire, and desire is 
part of the infrastructure’ (AO, p. 114).

7. In Anti- Oedipus, Deleuze and Guattari distinguish between the fixed codes 
of non- capitalist societies and the decoded capitalist axiomatic (AO, p. 153). This 
distinction is based on Marx’s own analysis of the versatility of capital. In an unpub-
lished chapter of Capital, Marx refers to the versatility and fluidity of labour under 
capitalist conditions as the ‘axiomatic’ that governs political economy (C, p. 1014). 
According to Marx, the more capitalism develops, ‘the greater the demand will be 
for versatility in labour power, the more indifferent the worker will be towards the 
specific content of his work and the more fluid will be the movements of capital from 
one sphere of production to the next. Classical economics regards the versatility of 
labour power and the fluidity of capital as axiomatic, and it is right to do so, since 
this is the tendency of capitalist production which ruthlessly enforces its will despite 
obstacles which are in any case largely of its own making’ (C, p. 1014). As Holland 
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notes, the main difference between codes and axioms is that the first one relies on 
qualitative and symbolic values, while the second one relies on merely abstract and 
quantitative processes (1999, p. 64). Holland writes: ‘What sets capitalism apart 
from other modes of social- production, which code and over- code value, is that its 
social organization is based on the process of axiomatization’ (1999, p. 66). Axioms, 
Holland explains, ‘directly join together heterogeneous flows of matter or energy that 
have been quantified. Axiomatization not only does not depend on meaning, belief, 
and custom, but actively defies and subvert them, giving capitalism its distinctive 
dynamism and modernism’ (1999, p. 66).

8. Holland (1999) suggests that the concept of territorialization is taken from 
Lacan’s analysis of the development of sexuality: ‘Territorialisation programs desire 
to valorise certain organs and objects at the expense of others, and at the expense of 
what Freud called polymorphous perversity: the free flowing relatively unfixed form 
of desire that Deleuze and Guattari call schizophrenia’ (p. 19). In this sense, the term 
‘deterritorialization’ would be a response to Lacan’s concept of territorialization, a 
critique of the territorializing understanding of desire characteristic of psychoanaly-
sis. However, its connection to the Communist Manifesto suggests that the concept of 
deterritorialization must be read not merely as a response to psychoanalysis but as a 
broader analysis of capitalism in Marxist terms. Furthermore, this twofold origin of 
the notion of deterritorialization in Anti- Oedipus highlights its overall aim: to bridge 
the critique of political economy to that of psychoanalysis.

9. Deleuze and Guattari write: ‘On the one hand, capitalism can proceed only by 
continually developing the subjective essence of abstract wealth or production for the 
sake of production […]; but on the other hand and at the same time, it can do so only 
in the framework of its own limited purpose, as a determinate mode of production, 
‘production of capital’, ‘the self- expansion of existing capital’. Under the first aspect 
capitalism is continually surpassing its own limits, always deterritorializing further 
[…]; but under the second aspect, capitalism is continually confronting limits and 
barriers that are interior and immanent to itself [thus demanding] always more reter-
ritorialization’ (AO, p. 281).

10. Anti- Oedipus’ non- representational theory of society demands a non- 
representational theory of value in which value is not conceived of as the abstract 
representation of labour (not even the representation of the social relations that gov-
ern production) but rather as the differential outcome from a relation of flows. As 
Lazzarato (2014, p. 43) puts it, Marx’s law of value belongs to an ‘anthropocentric 
view of production’ that measures surplus value based on human time. By contrast, 
Deleuze and Guattari offer an alternative understanding of machines that overcomes 
the representational (and anthropocentric) opposition between labour and technology.

11. Nevertheless, it is important to point out that Deleuze and Guattari acknowl-
edge that the immanent critique of capitalism based on the twofold movement of 
deterritorialization and reterritorialization is already present in Marx’s analysis of 
capitalism. When explaining the contradiction between the development of the pro-
ductive forces and the process of valorization of capital (and how this contradiction 
defines the tendency of the falling rate of profit), Marx writes: ‘To express this con-
tradiction in the most general terms, it consists in the fact that the capitalist mode of 
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production tends towards an absolute development of the productive forces irrespec-

tive of value and the surplus- value this contains, and even irrespective of the social 

relations within which capitalist production takes place; while on the other hand its 

purpose is to maintain the existing capital value and to valorise it to the utmost extent 

possible’ (Marx 1991, pp. 357– 8). In this passage, the twofold movement of deterri-

torialization and reterritorialization is explained as the tendency ‘towards an absolute 

development of the productive forces’ on the one hand, while maintaining the purpose 

of valorization capital for capital’s sake on the other. At the same time, this internal 

contradiction is posed as capital’s internal limit and the source of the tendency of the 

falling rate of profit (Marx 1991, p. 358).

12. Deleuze and Guattari write: ‘The celebrated problem of the tendency to a fall-

ing rate of profit, that is, of surplus value in relation to total capital, can be understood 

only from the viewpoint of capitalism’s entire field of immanence, and by taking into 

account the conditions under which a surplus value of code is transformed into a 

surplus value of flux’ (AO, p. 248).

13. In Postone’s interpretation of Marx (developed in chapter one), it was empha-

sized that the category of surplus value is a strictly capitalist category. Likewise, 

Deleuze and Guattari use the distinction between surplus value of code and surplus 

value of flux in order to define the singularity of the capitalist notion of value. Any 

failure in achieving this form of historization of the category of value tends to natural-

ize capitalist relations of production.

14. According to Deleuze and Guattari, the production of surplus value in capital-

ism depends on the asymmetric relation between two flows of money. On the one 

hand, a ‘flow of the means of payment’, which ‘goes into the pocket of the wage 

earner’; on the other, ‘flows of financing’ entered ‘on the balance sheet of a commer-

cial enterprise’ (AO, pp. 248– 9). The problem is that money functions as a surface 

of inscription that imposes a common analytical unit to both flows and that conceals 

the asymmetrical power relations, which ground the dualism between the purchase of 

labour power and the realization of surplus value. It is important to note that concep-

tually this distinction between two flows of money derives from Marx’s distinction 

between labour power and labour process. On the one hand, the flow of money that 

works as means of payment corresponds to the buying and selling of labour power in 

the job market. On the other, the flow of money produced by the selling of commodi-

ties corresponds to the value produced by the actualization of the labour power in the 

labour process and its later realization in the market.

15. According to Carlo Vercellone (2007, p. 19), the age of real subsumption of 

labour under capital is characterized by the ‘parcelling out and disqualification’ of 

the labour process and by the increasing complexity of the knowledge accumulated 

as fixed capital.

16. Deleuze and Guattari write: ‘Smooth space and striated space— nomad space 

and sedentary space— the space in which the war machine develops and the space 

instituted by the State apparatus— are not of the same nature’ (ATP, p. 524). However, 

the authors note that ‘the two spaces exist only in mixture: smooth space is constantly 

being translated, transversed into a striated space; striated space is constantly being 

reversed, returned to a smooth space’ (ATP, p. 524). At the same time, this ‘de facto 
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mixes do not preclude a de jure, or abstract distinction between the two spaces’ (ATP, 

p. 524).

17. Marx’s distinction between productive and unproductive labour is a good 

example of this relation between labour and surplus. According to Marx ‘since the 

immediate purpose and the authentic product of capitalist production is surplus- 
value, labouris only productive […] if it creates surplus- value directly, i.e. the only 

productive labour is that which is directly consumed in the course of production for 

the valorisation of capital. Looked at from the simple standpoint of the labour pro-
cess, labour seemed productive if it realised itself in a product, or rather a commodity. 

From the standpoint of capitalist production we may add the qualification that labour 

is productive if it directly valorises capital, or creates surplus- value’ (C, p. 1038).

18. Deleuze and Guattari suggest that during the nineteenth century, ‘a twofold 

elaboration was undertaken: of a physicoscientific concept of work (weight- height, 

force- displacement), and of a socioeconomic concept of labour power or abstract 

labour (a homogeneous abstract quantity applicable to all work, and susceptible to 

multiplication and division’ (ATP, p. 540). In this sense, ‘there was a profound link 

between physics and sociology: society furnished an economic standard of measure 

for work, and physics a ‘mechanical currency’ for it. The wage regime had as its cor-

relate a mechanics of force’ (ATP, p. 540– 1).

19. According to Guattari, in post- industrial societies ‘human time is increas-

ingly replaced by machinic time’ (SS, p. 249). It is worth noting that with the term 

‘human- time’, Guattari is not trying to naturalize a specific form of time that becomes 

alienated by technology in the form of machinic time. As mentioned above, labour 

constitutes a reterritorialization of human activity, subsumed under a striated space- 

time. Accordingly, human- time corresponds to the abstract measure that regulates 

human labour. Following this, it can be said that human and machinic times refer to 

two dispositions of labour under capitalist conditions of production. In other words, 

human and machinic time define two mechanisms through which capitalism produces 

and accumulates surplus value.

20. In an argument similar to that of Lazzarato (1996), Deleuze and Guattari sug-

gest that in post- industrial economies, ‘not only does the user as such tend to become 

an employee, but capitalism operates less on a quantity of labour than by a complex 

qualitative process bringing into play modes of transportation, urban models, the 

media, the entertainment industries, ways of perceiving and feeling— every semiotic 

system’ (ATP, p. 543).

21. In Anti- Oedipus, Deleuze and Guattari contend that the organic composition of 

capital ‘must be modified in terms of the machinic surplus of constant capital, which 

distinguishes itself from the human surplus value of variable capital’ (AO, p. 258).

22. For Deleuze and Guattari, human labour and human surplus value ‘remain 

decisive, even […] in highly industrialized sectors’ (AO, p. 254). In fact, Deleuze and 

Guattari argue that contemporary capitalism integrates human and machinic labour 

as two poles of the reproduction of its social relations. On the one hand, it ‘extracts 

human surplus value on the basis of the differential relation between decoded flows 

of labour and production’ (AO, p. 257); on the other, it ‘extracts machinic surplus 

value, on the basis of an axiomatic of the flows of scientific and technical code’ 
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(AO, p. 257). Furthermore, capitalism ‘absorbs or realises these two forms of surplus 

value of flux by guaranteeing the emission of both, and by constantly injecting anti- 

production into the producing apparatus’ (AO, p. 257– 8).

23. From the conceptual point of view of Anti- Oedipus, there is no difference 

between man and nature; there is only ‘a process that produces the one within the 

other and couples the machines together’ (AO, p. 2). Likewise, there is no distinction 

‘in nature’ between desiring- machines and technical- machines but only a difference 

of the social regimes that govern them (AO, p. 35). Furthermore, Deleuze and Guattari 

suggest that, at least in principle, all machines respond to the same basic structure. 

Hence, the real difference is not between technical, social and organic machines, or 

between man and nature but ‘between on the one hand molar machines— whether 

social, technical, or organic— and on the other the desiring- machines, which are of a 

molecular order’ (AO, p. 315). This means that technical, social and organic machines 

are the same machines but under different conditions (AO, p. 316). In other words, 

technical, social and organic machines are molar aggregates of desiring- machines. At 

the molecular, submicroscopic level, all desiring- machines function through the same 

machinic processes of ‘breaks and flows’ (AO, p. 315). At the molar, structural level, 

however, ‘machines become unified [through] techniques and institutions that make 

them visible’ and organic beings ‘become structured by the statistical unities of their 

persons and their species, varieties, and locales’ (AO, p. 315). When this occurs, tech-

nical machines begin to appear as individual objects, and living organisms as single 

subjects (AO, p. 316). In other words, it is only with the transition from a molecular 

level to a molar (representational) level that the distinction between living beings and 

technical machines (between man and nature) becomes discernible.

24. This is so, Deleuze and Guattari argue, because ‘every machine is a machine 

of a machine. The machine produces an interruption of the flow only insofar as it is 

connected to another machine that supposedly produces this flow’ (AO, p. 39).

25. In the Preface to the Italian edition of A Thousand Plateaus, Deleuze and 

Guattari write: ‘Anti- Oedipus had a Kantian aspiration: it was necessary to attempt 

a kind of Critique of Pure Reason of the unconscious. How are the syntheses of the 

unconscious determined? How is historical movement the result of these synthe-

ses? How does Oedipus become the unavoidable illusion of historical movement?’ 

(Deleuze and Guattari, 1996, p. 10).

26. Kant explicitly refers to the main task of his transcendental philosophy as the 

‘institution of a court of justice, by which reason may secure its groundless pretensions, 

and this is not by mere decrees but according to its own eternal and unchangeable laws; 

and this court is none other than the critique of pure reason itself’ (CPR, p. 101).

27. Kant claims that the ‘real problem of pure reason is contained in the ques-

tion: how are synthetic judgements a priori possible?’ (CPR, p. 146). A synthetic 

judgement, unlike the analytic one, adds something from the predicate to the subject. 

This is evident for all empirical judgements. However, in order to prove the possibil-

ity of a universal science based strictly on the laws of reason, Kant must prove how a 

priori synthetic judgments are possible. In order to do so, he must challenge both the 

empiricist tradition as well as all forms of metaphysical dogmatism (CPR, pp. 146– 8). 

This defines Kant’s distinction between the legitimate use of synthesis (based strictly 
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on immanent laws of reason) and the illegitimate use (which is grounded either in 
empirical data or in dogmatic belief).

28. Likewise, the critique of psychoanalysis developed in Anti- Oedipus has to be 
read as an analysis of the illegitimate use of desire that the oedipal complex repre-
sents. Against this illegitimate use, they argue, a truly materialist psychiatry must be 
able to offer an immanent understanding of desire based on the legitimate use of the 
passive syntheses of the unconscious. Deleuze and Guattari write: ‘In like fashion we 
are compelled to say that psychoanalysis has its metaphysics— its name is Oedipus. 
And that a revolution— this time materialist— can proceed only by way of a critique 
of Oedipus, by denouncing the illegitimate use of the syntheses of the unconscious 
as found in Oedipal psychoanalysis, so as to rediscover a transcendental unconscious 
defined by the immanence of its criteria, and a corresponding practice that we shall 
call schizoanalysis’ (AO, p. 83).

29. The general structure of the three passive syntheses of the unconscious in Anti- 
Oedipus can be traced back to Deleuze’s earlier book Difference and Repetition. In 
chapter two of this book, Deleuze constructs a threefold synthesis of repetition aimed 
at challenging the two major metaphysical concepts of difference (based on identity 
and opposition, respectively). Furthermore, it could be argued that the overall struc-
ture of the three syntheses of Difference and Repetition is taken from Kant’s account 
of the syntheses of imagination in the first edition of the Critique of Pure Reason 
(Hughes 2009, p. 99).

30. Hughes (2009) suggests that, ‘in contrast to Kantian recognition’, in Deleuze 
‘we encounter the impossibility of recognition in the third moment of synthesis. This 
is because in Kant recognition and the unity of the synthesis depended entirely on 
the categories of the understanding […] In Deleuze, however, there are no such cat-
egories and there is no transcendental ground of the I’ (p. 115). In the Preface to his 
book on Kant, Deleuze writes: ‘Kant explains that the Ego itself is in time, and thus 
constantly changing: it is a passive Ego, which experiences changes in time. But, on 
the other hand, the I is an act which constantly carries out a synthesis of time, and 
of that which happens in time, by dividing up the present, the past and the future at 
every instant. The I and the Ego are thus separated by the line of time which relates 
them to each other, but under the conditions of a fundamental difference. […] I can-
not therefore constitute myself as a unique active subject, but as a passive Ego […] 
That is to say, the I, as an Other which affects it’ (1984, p. viii– ix). In Difference and 
Repetition, Deleuze contends that Kant was the first one to pose the problem of time 
as an empty form which splits the subject from inside. Nevertheless, although Kant 
discovered this empty form of time, he immediately subordinated it to the figure of 
the transcendental subject. By doing so, Kant ‘resuscitated’ the fixed Ego (Deleuze 
2005, p. 109). Accordingly, in Anti- Oedipus, Deleuze and Guattari suggest that in 
capitalism the threefold synthesis triggers a process of deterritorialization of flows 
of desire that fractures the anthropological understanding of the subject. From this 
perspective, the subject appears as the residuum of a machinic process of production. 
However, this process is immediately reterritorialized through the privatization of 
labour and desire, which prevent the flows of desire from fracturing the social rela-
tions that characterise capitalism.
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31. An object for consumption, Marx writes, ‘is not an object in general, but a 
specific object which must be consumed in a specific manner. Hunger is hunger, but 
the hunger gratified by cooked meat eaten with a knife and fork is a different hunger 
from that which bolts down raw meat with the aid of hand, nail and tooth. Production 
thus produces not only the object but also the manner of consumption, not only objec-
tively, but also subjectively’ (G, p. 92).

32. According to Althusser (2009), this marks Marx’s ‘immense theoretical revolu-
tion’ (p. 201). More specifically, Althusser argues that unlike political economy, Marx 
was capable of grasping the theoretical concept that defines economic phenomena as 
a whole. This means that Marx’s method was able to grasp economic phenomena ‘by 
the concept of the (global) structure of the mode of production, insofar as it deter-
mines the (regional) structure which constitutes as economic objects and determines 
the phenomena of this defined region, located in a defined site in the structure of the 
whole’ (Althusser 2009, p. 202). This, Althusser claims, implies a new understand-
ing of causality (differential causality), which breaks with the traditional concepts of 
causality that define Western metaphysics (2009, p. 206).

33. According to Lazzarato (2014, p. 24), the transformations put forth by post- 
Fordism demand the analysis of contemporary capitalism to shift from the pure 
territory of political economy towards ‘the field of subjective economy’. See also 
Lazzarato (1996, p. 136).

34. Following Marx’s lesson on the historicity of the category of labour, Deleuze 
and Guattari argue that only when desire becomes a fully subjective essence (and 
hence detached from any object) can it be conceived of as the moving force that ani-
mates production in general (AO, p. 370). Put differently, the subjective essence of 
desire can only be ‘discovered’ under ‘specific historical conditions’ (Holland 1999, 
p. 18). In the 1857 Introduction, Marx shows how, under capitalist conditions of pro-
duction, the individual appears as something independent from the social whole (G, 
p. 83). However, Marx quickly adds that this is only the result of the most developed 
social relations (G, p. 84). Accordingly, Deleuze and Guattari argue that in capitalism, 
private desire appears as independent, and differentiated from, social production (AO, 
p. 370). This is so precisely because of the deterritorializing tendency of capitalism 
that frees desire from any external (social) determination. At the same time, the deter-
ritorialization of desire makes it possible to conceptualize its ‘subjective essence’ and 
its ‘identity in nature’ with social production (AO, p. 370). As Holland (1999) sug-
gests, ‘the identity in nature of desiring- production and social- production is revealed 
in the same mode of production where the difference in regime between the two is the 
greatest’ (p. 92). This means that in non- capitalist societies, desire and labour were so 
invested in external objects that ‘the abstract subjective essence of labour and desire 
remains hidden due to their objectification in and by codes, yet they both belongs to 
the same overall regime of coding’ (Holland 1999, p. 92). By contrast, in capitalism 
labour and desire are deterritorialized, becoming free from objective determination 
and leaving no overall code to bring them together. Thus, each one appears as ‘com-
pletely separate from the other: desire and labour henceforth apparently belong to 
entirely different regimes of production: desiring- production and social- production’ 
(Holland 1999, pp. 92– 3).
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35. According to Bradley (2011), Andre Leroi- Gourhan is Stiegler’s ‘closest 
philosophical predecessor’ (p. 122). In particular, Bradley argues, Stiegler repeats 
Leroi- Gourhan’s ‘theory of human history as a process of exteriorisation’, accord-
ing to which human constitutes themselves by ‘putting their experiences outside of 
themselves’ (2011, p. 122).

36. According to Marx, ‘the human being is in the most literal sense a zoon poli-
tikon (political animal), not merely a gregarious animal, but an animal which can 
individuate itself only in the midst of society’ (G, p. 84). This implies that ‘production 
by an isolated individual outside society is as much of an absurdity as is the develop-
ment of language without individuals living together and talking to each other […] 
Whenever we speak of production, then, what is meant is always production at a 
definite stage of social development— production by social individuals’ (G, p. 84).

 

 

 

 



 Hum Stud (2014) 37:369-392
 DOI 10.1007/s 10746-014-9317-1

 THEORETICAL / PHILOSOPHICAL PAPER

 Multistability and the Agency of Mundane Artifacts:
 from Speed Bumps to Subway Benches

 Robert Rosenberger

 R. Rosenberger (Kl)

 Published online: 5 July 2014
 © Springer Science+Business Media Dordrecht 2014

 Abstract A central question in philosophical and sociological accounts of tech
 nology is how the agency of technologies should be conceived, that is, how to
 understand their constitutive roles in the actions performed by assemblages of
 humans and artifacts. To address this question, I build on the suggestion that a
 helpful perspective can be gained by amalgamating "actor-network theory" and
 "postphenomenological" accounts. The idea is that only a combined account can
 confront both the nuances of human experiential relationships with technology on
 which postphenomenology specializes, and also the chains of interactions between
 numerous technologies and humans that actor-network theory can address. To
 perform this amalgamation, however, several technical adjustments to these theories
 are required. The central change I develop here is to the postphenomenological
 notion of "multistability," i.e., the claim that a technology can be used for multiple
 purposes through different contexts. I expand the postphenomenological framework
 through the development of a method called "variational cross-examination," which
 involves critically contrasting the various stabilities of a multistable technology for
 the purpose of exploring how a particular stability has come to dominate. As a
 guiding example, I explore the case of the everyday public bench. The agency of
 this "mundane artifact," as actor-network theorist Bruno Latour would call it,
 cannot be accounted for by either postphenomenology or actor-network theory
 alone.
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 Introduction

 In accounts of technology in the fields of the philosophy of technology and science
 and technology studies (STS), a key issue is how to understand technological
 agency. Various theories attempt to come to grips with what role—if any—should
 be ascribed to technologies themselves within accounts of the larger social
 collectives of people and objects within which those technologies are used.1 Does
 the agency of a technology somehow reduce to the choices and actions of its user?
 Or does a technology instead somehow shape a user's choices and actions? How
 should we conceive of the ways that a technology is at once both constructed by a
 collective of actors and at the same time maintains an influence on that collective?

 Let us refer to this issue as the "problem of technological agency".
 As a guiding example, consider the public bench. By this I refer simply to those

 pieces of outdoor furniture that provide a public place for people to take a seat,
 common to parks, bus stops, and subway platforms. At first, it may be difficult to
 think of a technology simpler and more seemingly innocent. But on further
 consideration we see that a bench is more than simply a place to sit for those
 roaming a park or waiting for public transit; benches contribute to the flow and
 control of movements of the population. What is interesting about these devices is
 that, despite their everydayness, they are sites of conflicts over how they should be
 used and who should be using them.

 Things become more complicated when we remember that public benches are
 sometimes used for a purpose other than that for which they were designed. That is,
 benches are used by the homeless as a place to sleep. As a long and horizontal
 surface, they can be used as a makeshift bed. Consideration of these two uses of a
 single technology—sitting and sleeping—prompts questions regarding the problem
 of technological agency. What makes possible these specific assorted uses for this
 device? What social factors are involved? What material factors make possible
 some options for usage and not others?

 There is even more to this simple story. We should also consider a specific and
 common form of public bench: those designed specifically to prohibit sleeping (e.g.,
 Figs. 1, 2, 3). A common version is a bench fitted with vertical dividers between the
 places in which people sit. The dividers make it impossible to lay across the bench
 in the way otherwise possible in their absence. For lack of a better term, let us refer
 to this kind of bench as a sleep-prevention bench.

 1 For example, a foundational disagreement between the Sociology of Scientific Knowledge (SSK)
 perspective and actor-network theory (ANT) is over whether technologies should be considered "actors"
 at all (e.g., the "chicken debate" between Bruno Latour, Harry Collins, Steven Yearley, and others in
 Pickering 1994). Harry M. Collins' 1994 review of Bruno Latour's (1994). We Have Never Been Modern
 is emblematic of accounts which dismiss a conception of actors that includes anything more than humans.
 Collins writes (1994: 674). "The battle is between society and the individual, not humans and things. To
 invite inanimate objects into the debate adds nothing but confusion because inanimate objects cannot be
 social except when the term is used in such a recondite way as to avoid the crucial issues". A sampling of
 works across the spectrum that wrestle with the issues of technological agency include (Akrich 1992;
 Latour 1992; Callon and Law 1995; Pickering 1995; Haraway 1997; Verbeek and Kockelkoren 1998;
 Latour 1999; Oudshoorn and Pinch 2003; Barad 2003; Verbeek 2005; Ihde 2009; Pinch 2010).
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 Fig. 1 Subway bench, Union Turnpike Station, New York City

 Fig. 2 Wall-mounted benches, Laurier Station, Montreal
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 With the example of the sleep-prevention bench, further questions are raised
 regarding the problem of technological agency. In what ways can the different
 possible uses of a technology be reconfigured? What social and material factors are
 involved in these reconfigurations?
 Two contemporary theories that bear on the problem of technological agency are
 "postphenomenology" and "actor-network theory" (ANT). Postphenomenlogy
 refers to a school of thought that builds on ideas in the philosophical tradition of
 phenomenology, but adds certain interests and commitments. For example, there is a
 focus on human bodily relations to technology, and there is a commitment to the anti
 foundationalism of the tradition of American pragmatism. Work in postphenomenol
 ogy begins from the framework of concepts developed by Don Ihde, and engages in
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 Fig. 3 Public bench, Ueno Park, Tokyo

 concrete case studies of particular human-technology relations. ANT is a paradigm
 within the field of STS, and below I focus on its account of technology as developed by
 Bruno Latour. ANT can be understood as sociological theory expanded to also include
 artifacts—rather than only humans—in accounts of collective actions. In this view, a
 technology is a participant in the chain of people and objects that work together to
 enact an agenda.
 One way to investigate the problem of technological agency is to cross-analyze
 these two theories. Several thinkers have suggested that postphenomenology and
 actor-network theory can be usefully combined (Hildebrandt 2007; Smith 2003;
 Verbeek 2005). It is not difficult to see their motivation. The intuition is that these
 two perspectives each articulate something about technology that the other misses.
 Where postphenomenology is good at describing the nuances of the relationships
 developed between an individual user and a technology, it is suggested that it is not
 as readily prepared to talk about the effects of these relationships on the larger
 world. Conversely, actor-network theory is taken to be adept at describing the ways
 that collections of people and technologies together have effects on the world, but
 not so proficient at addressing the nuances of particular relationships between
 individual humans and technologies. That is, in the view of these amalgamators,
 postphenomenology and actor-network theory can productively supplement one
 another.

 However, in my view, more needs to be done if these theories are to be
 amalgamated. It will not be enough to only point out why it would be advantageous
 to ascribe to both of these frameworks. More work is required to integrate the two in
 a philosophically technical way, addressing points of incompatibility, and advanc
 ing these ideas. I make some of these steps below.
 The combination of perspectives that I outline below draws out aspects of the
 nature of technological agency that neither perspective captures alone. Most
 centrally, I examine and expand on the notion of "multistability," a key concept in
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 the postphenomenological framework. This refers to the ever-present potential for a
 technology to be used in multiple ways through multiple contexts. This idea is often
 wielded by postphenomenologists as a part of arguments against overly-determin
 istic accounts of human-technology relations. Below, I develop a method for
 appreciating not only a technology's multistability, but also for identifying the
 factors that contribute to users' inclinations to approach a technology in terms of
 one particular possibility despite the availability of alternatives. In what I call
 "variational cross-examination," the factors under investigation include both a
 user's individual intentions and habitual inclinations toward a technology, and also
 the particular ways that same technology has been materially customized by others
 for their own purposes.

 My suggestion, returned to throughout this paper, is that in order to account for
 the dynamics of the sleep-prevention bench, and technologies like it, we require the
 insights from both ANT and postphenomenology.

 In what follows, I begin with a review of the ANT account of technology, with
 focus on the view articulated in a series of articles written by Bruno Latour on the
 concept of mediation. In the second section, I review relevant features of the
 postphenomenological perspective. In the third section, I consider what it would
 mean to amalgamate ANT and postphenomenology. Section four expands the
 postphenomenological toolkit by developing the method of variational cross
 examination. This sets the stage for a final set of reflections on the sleep-prevention
 bench specifically, and nature of technological agency more generally, when viewed
 through the dual lenses of phenomenology and social theory.

 The Actor-Network Theory of Technology

 While first developed as an account of laboratory practices in particular, and more
 generally as an account of the concrete work involved in establishing a claim as a
 widely-accepted fact, actor-network theory has also been expanded into a theory of
 technology. Actor-network accounts of technology investigate the social roles of
 "mundane artifacts," i.e., the various technologies encountered in everyday life. Put
 into the terminology of this conceptual framework, technologies are nonhuman
 actors enrolled into networks which include both humans and nonhumans. Here, I
 would like to focus on the particular ANT account of technology developed through
 a series of articles by Bruno Latour (e.g., Latour 1991; Latour et al. 1992; Latour
 1992, 1994, 1995, 1999).
 Latour's (1994; 31) analysis centers on the notion of mediation, which in his

 account refers to the way that humans and nonhumans work together through
 networks to enact an agenda, or a program of action, as he calls it. To understand
 such mediation, it is helpful to consider the experience of a person that runs up
 against a program enforced by a powerful network of actors. This is the case in
 Latour's (1994: 38) iconic example of the speed bump. In this example, he reflects
 on the experience of a driver who is forced to slow down by the actions of others,
 such as the police. One option for the police is to station an officer along the
 roadside at the site where they want the driver to reduce speed. The driver thus faces
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 the network enforcing the police's program of action at this point, complete with its
 particular human actor, namely that officer with her or his ability to issue traffic
 citations to anyone caught violating the speed limit. Another option available to the
 police is to enroll a nonhuman actor, a speed bump. When the driver encounters the
 bump, she or he must reduce speed or risk damage to the vehicle.
 Latour (1992: 232) uses the term delegation to describe this particular form of
 mediation, the kind in which duties are assigned to nonhumans. In the above
 example, the task of enforcing the speed limit is delegated by the police to the speed
 bump. Accordingly, the act of resisting a particular program requires the
 development of a competing network of actors, or an antiprogram. Even the
 program of enforcing a speed limit is itself a response to a competing program of
 action in which a driver intends to speed. Latour (1992: 247) explains, "If you study
 a complicated mechanism without seeing that it reinscribes contradictory specifi
 cations, you offer a dull description, but every piece of an artifact becomes
 fascinating when you see that every wheel and crank is the possible answer to an
 objection. The program of action is in practice the answer to an antiprogram against
 which the mechanism braces itself".

 According to Latour, agency should be attributed not to individual actors, but
 to networks overall. Playing off The National Rifle Association's popular claim
 that it is people—not guns—that kill, Latour claims instead that, "It is neither
 people nor guns that kill. Responsibility for action must be shared among the
 various actants" (Latour 1994: 34). Thus, in this view, to consider the notion of
 agency in relation to technology, it is important to consider a device's role in an
 overall program of action. Latour explains, "every time you want to know what a
 nonhuman does, simply imagine what other humans or other nonhumans would
 have to do were this character not present" (1992: 229). In the case of the speed
 bump, to understand its role we must consider the duties of the human police
 officer playing the same role. These are the assignments that have been delegated
 to the bump. Latour notes that in fact the term for speed bump in French means
 "sleeping police officer".

 The example of the sleep-prevention bench is in some ways offered here as a
 straightforward echo of Latour's speed bump account. The typical bus stop bench is
 a nonhuman actor produced and installed as part of a program of action which
 includes providing riders a temporary place to sit as they wait for the next bus.
 When the homeless use these same benches as safely public places to sleep, this can
 be understood as an antiprogram. The homeless resist the intended usage of the first
 program, and enroll the nonhuman actor as a contributor to their alternative agenda.
 From here, just like in the speed bump account, proponents of the original program
 have the option of enlisting a human actor to enforce the original agenda, for
 example by employing a police officer to patrol the area around the bench, and to
 thus regulate the space in which the homeless are permitted to dwell. (Of course
 cities exercise this first option all the time, establishing anti-loitering laws which can
 be used to harass and/or arrest homeless people who spend time in public areas. One
 reason why the homeless often chose to sleep at bus stops in particular is that they
 are places in which people are permitted to spend long periods of time—ostensibly
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 waiting for the bus.) Alternatively, the task of prohibiting the homeless from making
 use of the bench for sleeping can be delegated to the sleep-prevention design.2

 This ANT interpretation of the sleep-prevention bench captures much of the
 agential character of this device. But it is not yet the whole story.

 Postphenomenology and Human-Technology Relations

 An account of human-technology relations which can be productively contrasted
 and in some ways integrated with ANT is the emerging philosophical perspective
 called "postphenomenology" (e.g., Ihde 2003; Verbeek 2005; Ihde 2009; Rosen
 berger 2009; Ihde 2010; Verbeek 2011; Rosenberger 2012; Hasse forthcoming; Friis
 and Crease, forthcoming; Rosenberger and Verbeek 2014).3 Phenomenology is a
 tradition of thought which addresses philosophical questions through the description
 and analysis of human experience. Postphenomenology builds from this tradition,
 but it stakes out a number of diverging commitments and it focuses on less
 conventional issues. This includes a commitment to the ontological positions of
 American pragmatism, and a central concern over the actional and perceptual bodily
 relationships humans develop with technologies. Postphenomenological work
 proceeds through the investigation of concrete case studies of technologies, and
 through the application and analysis of Don Ihde's body of thought.

 Like ANT, postphenomenology also focuses on the notion of technological
 mediation, but through a different conception of this central term. In this view,
 mediation refers to the way that technologies are not simply some aspect of the
 world upon which a user perceives or acts; a technology plays a mediating role,
 coming between a user and the world, transforming each participant and their
 relationship to one another in the process. Peter-Paul Verbeek (2005: 130) puts it
 most strongly, "What humans are and what their world is receive their form by
 artifactual mediation. Mediation does not simply take place between a subject and
 an object, but rather coshapes subjectivity and objectivity". Mediation, in this view,
 is non-neutral and deeply context dependent. A mediating technology enables
 certain possibilities for a user, while perhaps also foreclosing others, all of this
 relative to the particular user, the particular device, and the particular use-context.

 One kind of human-technology relationship that Ihde explores is what he calls an
 embodiment relation. In such a relation, a user integrates the device into her or his
 bodily encounter with the world; the technology becomes a means through which
 the user relates to the world in a transformed manner (Ihde 1990: 92). A standard
 example is a wearable technology such as a hearing aid or a pair of glasses. A user
 does not pay attention to the hearing aid or the glasses themselves, but instead it is a

 2 For more on the physical changes that technologies can undergo as they are enrolled into networks, see
 Madeleine Akrich's (1992) notion of "inscription" specifically, and her script theory account of
 technology more generally.

 3 See also the 2008, 31(1) issue of Human Studies', the 2011, 16(2-3) issue of Foundations of Science',
 and the book series "Postphenomenology and the Philosophy of Technology" with Rowman Littlefield
 Press/Lexington Books.
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 transformed world that is experienced through the mediation of these kinds of
 devices. Such technologies are embodied as they are used.
 Transformed capacities are not the only result of human-technology relations. In
 this view, as a user becomes accustomed to a technological relation, her or his
 awareness of the relation itself may decrease. In the examples of wearable
 technology, a user who develops an everyday, taken-for-granted, deeply familiar
 relationship with the technology may in many moments be barely aware of that
 device at all. Ihde (1990: 75) refers to this phenomenon as transparency, and he
 diagnoses a general tendency, "I want the transformation that the technology
 allows, but I want it in such a way that I am basically unaware of its presence". For
 example, despite the quite significant changes a technology such as a pair of
 eyeglasses makes to a user's entire field of vision, despite the glasses frame within
 that field, and despite the fact that the device sits directly on the user's face, the
 experience of the glasses themselves may fade into the background of awareness as
 the user perceives the world through the device. Indeed, for the accustomed user, a
 pair of glasses would be considered problematically distracting if it did not take on
 an almost complete transparency.
 The level of transparency depends on a number of factors, including the user's
 individual level of familiarity, accustomedness, expectation, and bodily habituation
 with regard to the device. In addition to asking what degree of transparency an
 individual human-technology relation may possess, we can also ask just how
 deeply, how automatically, and how stubbornly this characterization holds. Calling
 on a metaphor used throughout phenomenology, I use the term sedimentation to
 refer to the strength of the habituation that characterizes a particular human
 technology relation. That is, any human-technology relation whose features are
 accompanied by a strong force of habit is one that is deeply sedimented.4 For
 example, for an accustomed glasses wearer, the pair of glasses themselves not only
 take on a high degree of transparency, but do so with an unhesitation, resiliency, and
 ease that reflects the depth of the sedimentation of this relationship.
 Postphenomenology's pragmatic commitment to anti-foundationalism and anti
 essentialism is reflected in its conception of technologies as multistable. Multista
 bility refers to a technology's potential to support multiple relations; a single
 technology can be understood in multiple ways, taken up in many contexts, and
 employed for various purposes. For example, a hammer can be used for purposes
 other than its common usage. Ihde (1993: 37) says, the hammer "may be used in a
 number of ways. It could, and perhaps is dominantly used, for its designed
 purpose—to hammer. But it could be used as a paperweight, an objet d'art, a murder
 weapon, a pendulum weight, a door handle, etc. This ambiguity of uses, however, is

 4 According to Maurice Merleau-Ponty (1962: 130), our previous experiences leave within us, "a 'world
 of thoughts,' or a sediment left by our mental processes, which enables us to rely on our concepts and
 acquired judgments as we might on the things there in front of us, presented globally, without there being
 any need for us to resynthesize them". Elsewhere I have used the notions of transparency and
 sedimentation to describe user relationships with cellular phones, and to explore the ways phone usage
 causes driver distraction (e.g., Rosenberger 2012).
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 not indefinitely extendable".5 The notion of multistability thus simultaneously
 highlights two points: (1) multiple relations to a technology are always possible, and
 (2) this potential is at the same time limited by the technology's materiality, i.e., the
 particularities if its physical composition. In this terminology, an individual stable
 relation to a technology is known as a stability and also as a variation (these two
 terms are deployed interchangeably in this literature.)6

 A key methodology in postphenomenology is what Ihde calls variational
 analysis, the creative brainstorming of possible stabilities (or variations) for a given
 technology. As Ihde (2009: 12) puts it, through the variational analysis of many
 cases over the years, "what emerged or 'showed itself was the complicated
 structure of multistability". In the example of the hammer that could also be a
 murder weapon or an objet d'art, what is revealed through this creative
 brainstorming is the device's status as itself something capable of participating in
 multiple stable human-technology relations. That is, according to Ihde, variational
 analysis reveals a technology's status as multistable. It reveals a technology's form
 to be essentially ambiguous, though ambiguous in way that is at the same time only
 finitely extendable; a technology can always be used for multiple purposes, but not
 simply any purpose.7

 The method of variational analysis has most often been employed by Ihde and
 others to challenge overly-deterministic accounts by revealing the unacknowledged
 multistability of the technologies at issue. An example is Ihde's critique of

 ' Ihde's conception of embodiment relations is deeply indebted to Martin Heidegger's (1927/1953)
 account of tool use in his work Being and Time. Ihde's account of multistability in some ways builds
 from, and in some ways is a critique of, Heidegger's account of the breakdown of tools. And Ihde's
 example of the hammer is an ironic play on Heidegger's iconic descriptions of the use of a hammer as it
 breaks. The reason that I do not rely on Heidegger centrally in this paper is that I do not wish my account
 to become implicated in the larger ontological framework that he develops.

 6 Despite sharing the same meaning, these two terms—stability and variation—each appear to more
 strongly rhetorically emphasize one of the two ideas which the notion of multistaiblity simultaneously
 emphasizes. The term "variation" more strongly calls to attention the idea that a variety of relations are
 always possible between a user and a technology. In contrast, the term "stability" more strongly calls to
 attention the idea that only some relations between a human and a technology will be stable. That is, it
 calls attention to the fact that a technology cannot be used to do simply anything.

 7 It is important to note that, though it is sometimes claimed that the postphenomenological notion of
 "multistability" is equivalent to the social construction of technology (SCOT) notion of "interpretive
 flexability," the two are quite distinct concepts. Verbeek has implied this equivalency, for example, in the
 following quote, "the existence of multistability—a product's 'interpretative flexibility' as Bijker (1995:
 20) calls it-—need not hamper designers in explicitly trying to anticipate the mediating role of products in
 their use context" (2005: 217).
 But the two terms point to different things. Where multistability refers to the way that a current

 technology can be interpreted in multiple ways, the notion of interpretative flexibility instead refers to the

 state of a community's relationship to a technology in an early stage of the history of its social
 acceptance. Trevor Pinch and Wiebe Bijker write, "By this [interpretative flexibility] we mean, not only
 that there is flexibility in how people think of, or interpret, artefacts, but also that there is flexibility in
 how artefacts are designed" (1984: 421). That is, the notion of interpretative flexibility points to the early
 stage of the social acceptance of a technology in which the conception of the device remains general
 enough to be subject to multiple designs. This highlights an important difference in emphasis between
 SCOT and postphenomenology (one that parallels a difference that can also be seen between SCOT and
 ANT): where SCOT focuses on the history of the social conflict leading to the establishment of a
 technological design, postphenomenology instead focuses on the continuing potential for any technology
 to be fit into multiple contexts.
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 Heidegger's dismissive comments about the typewriter. In Parmenides, Heidegger
 (1982) reflects on the way that language flows through one's hand and through one's
 pen in the act of handwriting. A situation which worried Heidegger was the
 increasing popularity of the typewriter. He claimed that, in contrast to the pen, the
 typewriter stifles the individual character of one's writing through its mechaniza
 tion. Ihde (2010: ch. 5) critiques Heidegger's assessment on two fronts. First, he
 claims that Heidegger fails to recognize the way individual differences in familiarity
 with a writing implement inform writing style; for users deeply acquainted with
 typing, writing flows similarly to how it can with the pen. Next, Ihde notes that the
 printed word itself can be seen to be situated differently in the different histories in
 which it had developed across the globe. He says, "The point is that the same
 technology—printing—can be and is differently embedded and has multiple
 'histories'" (2010: 127). Like all technologies, the typewriter is encountered in
 terms of both the user's individual experience and her or his cultural context.8
 The public bench is an example of a multistable technology. The dominant
 stability for this technology is that usage for which it was designed and
 manufactured, i.e., sitting. And it would be possible to elaborate on the kind of
 sedimented and transparent embodiment relation an accustomed user will develop
 with a particular bench, say, one that the user encounters each morning while
 waiting for the bus. While we could brainstorm a multiplicity of alternative stable
 relations possible for this device, we have observed that an important alternative is
 actually often taken up in practice; it is possible to use a bench for sleeping, and we
 have observed the homeless to at times use benches as makeshift beds. This

 alternative usage includes a very different bodily relationship to the same device. In
 this way, a bench is a multistable technology with both bench-as-seat and bench-as
 bed stabilities. The sleep-prevention bench can then be conceived as a multistable
 technology which has been redesigned to shut out one of its potential stabilities.

 The perspectives of ANT and postphenomenology each reveal different aspects
 of the sleep-prevention bench technology. This raises several questions. Is it
 possible to patch together the insights of each into a combined account? If so, then
 what is further revealed about the bench technology in particular, and about
 technological agency in general? And what is revealed about the postphenomeno
 logical and ANT perspectives themselves?

 Amalgamating ANT and Postphenomenology

 Those who argue for amalgamating postphenomenology and ANT point out the
 ways each perspective can importantly supplement the other (Smith 2003; Verbeek
 2005; Hildebrandt 2007). Postphenomenologists generally have long claimed that
 the reach of their descriptions extends to more than only accounts of individual

 8 Interestingly, despite Latour's consistent use of Heidegger's later work as a key example of exactly
 what he is arguing against, a literature is developing which analyzes the similarities between the ideas of
 these two thinkers (Khong 2003; Riis 2008; Harman 2009; Kochan 2010; Paddock 2010).

 Ihde too is a consistent critic of Heidegger's later work (see, especially, 2010). For counterarguments
 against the criticism of Ihde and others against Heidegger, see Scharff (2010).
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 experience. Nevertheless, they also recognize the ability of ANT to address the
 chains of interactions between various humans and technologies that extend beyond
 the transformations involved within an individual human-technology relation. These
 authors simultaneously note that ANT lacks nuance in its accounts with regard to
 the exact juncture within networks upon which postphenomenology specializes:
 individual human-technology relationships. As Aaron Smith (2003: 189) puts it,
 "Latour's view, however, does not develop in nearly the same depth the direct
 personal relationships with artifacts that Ihde's does. Instead, Latour's project could
 be seen as picking up where Ihde's ends because it emphasizes systems of
 relations".9 Put another way, one place that the postphenomenological perspective
 advances a much more sophisticated account is at the point of interface between
 humans and technologies.

 I agree with these amalgamators that benefits would come from the combination
 of the postphenomenological and ANT perspectives. But combining these
 perspectives requires more than an enumeration of the advantages that would
 result. Both postphenomenology and ANT require technical adjustments and
 expansions if these perspectives are to be integrated coherently.

 For example, these two perspectives are not necessarily on the same page with
 regard to the issue of technological "symmetry". It is no simple oversight that
 leaves Latour open to the criticism from postphenomenologists that his account of
 human-technology interface lacks nuance; it is the result of his active positioning.
 Within debates in STS, some have argued against Latour that any inclusion of
 nonhumans into the overall agency of collectives introduces an objectionable
 technological determinism.10 Latour instead of course argues that nonhumans are
 contributors to the agency of networks, going so far as to understand the
 contributions of humans and nonhumans to be symmetrical. He says, "The degree of
 attachment of an actant to a program of action varies from version to version. The
 terms 'actant' and 'degree of attachment' are symmetrical—that is, they apply
 indifferently to humans and nonhumans" (1991: 108). To approach networks in

 9 Verbeek (2005: 164f.) puts it this way, "Actor-network theory is primarily interested in unraveling the
 networks of relations by virtue of which entities emerge into presence, while a postphenomenological
 approach, by contrast, seeks to understand the relations that humans have with those entities".
 It should be noted that Latour has a history of making dismissive comments about phenomenology

 which I do not refute here (e.g., Latour 1993: 58; Latour 1999: 9). See Smith (2003) and Verbeek (2005)
 for counterarguments.

 10 See the debates cited in footnote 1. Trevor Pinch (2010) raises these issues in critique of Latour and
 Verbeek's use of the notion of delegation. Pinch claims that the idea that nonhumans influence human
 action, exemplified by the speed bump's influence on drivers, is trivial; nonhumans are constantly
 influencing humans everywhere. He writes. "Latour and Verbeek, and others who advocate an ontological
 turn, need a means of sifting through all the myriad non-humans and their countless interactions with
 humans so that we can see the significant choices made by humans" (2010: 87). According to Pinch, the
 contemporary influence of particular technologies can only be understood by returning to the history of
 political disagreements between people (not people plus technologies), a history, in his view, made visible
 better by the tools of SCOT than by ANT or postphenomenology.

 I disagree. While Pinch is certainly correct that understanding the history of human disagreements
 over a technology is crucial to understanding that technology's contemporary influence on humans, such a
 history alone is not always enough. The agential role of technology itself—that difficult ontological topic
 of philosophy—is also relevant, since the effects of that technology on humans may not reduce to the
 intentions of any of the human participants in the historical disagreement.
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 terms of the Latourian conception of symmetry, neither humans nor nonhumans
 should be regarded as the primary movers of the network; neither simply falls under
 the agency of the other. Latour writes, "In the symmetry between humans and
 nonhumans, I keep constant the series of competences, of properties, that agents are
 able to swap by overlapping with one another" (1999: 182). This is the case, for
 example, in the speedbump account in which the properties of the officer and the
 artifact are cast in transposable terms. This "swapping" reflects a kind of
 interchangeability of the actors that form a network, neither humans nor nonhumans
 possessing characteristics that could not be swapped out.11
 Latour's conception of the symmetry between humans and nonhumans is
 reflected even in the rhetorical connotations of his conceptual framework. For
 example, the work of nonhumans is cast in terms normally reserved for the
 description of human interactions. For instance, as we have seen, the notion of
 "delegation," normally used to refer to the assignment of a task to one human by
 another, is repurposed by Latour for use in describing the enrollment of nonhumans
 into networks. Conversely, human roles within networks are labeled in terms
 typically reserved for the description of the interactions between objects. For
 example, as a user learns the interface of a device, she or he is "incorporated" into
 the network (Latour 1992: 231).
 An adjustment to Latour's conception of symmetry is required for the
 amalgamation of ANT and postphenomenology. I suggest that what is needed is
 an explicit recognition that humans and technologies may play structurally different
 roles within networks, and that such a recognition does not require abandoning a
 symmetrical approach. This recognition leaves in place the Latourian conception of
 relations between humans and nonhumans as one in which the agency of actors does
 not reduce from one to the other. However, Latour's conception of humans and
 nonhumans as always possessing entirely interchangeable properties should be
 called into question; indeed this conception must be challenged if the notion of
 "human-technology relations" is to have any meaning that does not reduce simply
 to "actor-actor" relations.

 I suggest that it is possible for an analysis to at once remain symmetrical, and to
 also remain open to the possibility that the work required to enroll a human into a
 network can be at times different from that required for the enrollment of a
 nonhuman. Recognition of the distinctions between human and nonhuman
 contributions to the overall agency of a network need not result in the reduction
 of responsibility to one or the other.12 Under this modified conception of symmetry,

 11 As Lee and Brown (1994: 782) summarize this conception, "The scorched-earth policy that Callon.
 Law, and Latour adopt, the leveling of the taken-for-granted natural, social, and technological worlds into
 a heterogeneous field of force, is a calculated risk taken to subvert the established world picture of nested
 systems".

 12 I claim that my modified conception of symmetry offered here is ultimately consistent with the
 provocative set of reflections on the nature of technological agency put forward by the actor-network
 theorists Callon and Law (1995). They argue persuasively against a traditional conception of agency that
 would limit its application to only actors capable of possessing intentions, i.e.. humans. Postphenom
 enologists agree with this extension of agency across human-technology relations, and themselves also
 struggle to determine how best to conceive of technological agency (see especially Verbeek 2005). My
 contention is that Callon and Law's arguments in favor of extending agency to nonhumans, and against a
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 we can begin to amalgamate ANT's accounts of chains of actors with
 postphenomenology's accounts of human-technology relations. It becomes possible
 to consider the roles of user experience, and the role of technological multistability,
 within the overall agency possessed by networks of actors.13

 Variational Cross-Examination

 The amalgamation of ANT and postphenomenology requires more than only the
 adjustment of Latourian commitments. It requires an expansion of postphenome
 nological methodology. Here I would like to focus on the notions of multistability
 and variational analysis. I suggest that for both the project of integrating ANT and
 postphenomenology, and that of exploring the problem of technological agency,
 variational analysis must be conceived as only a first step within a larger
 methodological framework.

 Variational analysis is most often cast as a method for demonstrating a
 technology's multistability. By creatively brainstorming alternative possible
 meanings and uses for a technology, its status as multistable is revealed. However,
 I contend that if one's objective is to do anything more than level a counterpoint
 against an overreaching account, then more is required of postphenomenology. It is
 possible to expand postphenomenological methodology so that it can also be used
 constructively rather than only polemically.'4 To do so, multistablility must become
 a starting point, rather than an endpoint, of analysis.

 I suggest that variational analysis ought to be conceived as a first step of a larger
 two-part approach. When beginning a postphenomeonological analysis of a human
 technology relation, the first move should be to conduct variational analysis,
 establishing the technology's multistability through the identification of concrete
 alternative stabilities.

 Footnote 12 continued

 conception that limits its application to only intention-possessing humans, do not require that the roles
 played by humans and nonhumans within their overall networked agency be identical. Nor do they require
 that all properties of humans and nonhumans reduce to those which happen to be interchangeable. Indeed,
 by recognizing that humans have a special intention-possessing ability (in their argument that intention
 possession is not required for agency), Law and Callon remain open the possibility of taking up the
 modified kind of symmetry I propose.

 13 A distinction can be made between my own adjustment to Latour's conception of symmetry here, and
 Ihde's criticism of Latour. For Ihde, full blown symmetry like the kind Latour defends (and I affirm here)
 is too strong a position to hold, and thus an asymmetry is preferable. He writes, "I would find it hard to
 say—at least without claiming a highly metaphorical attribution—that the speed bump (sleeping
 policeman) is filled with designers, administrators, and policemen! I can't quite bring myself to the level
 of 'socializing' artifacts. They may be mteractants, but they are not quite actants" (2003: 139). In
 contrast, I am willing to grant full symmetry to the analysis of the agency of humans and nonhumans, so
 long as. contra Latour, humans and nonhumans are able retain certain distinctive attributes that render
 them, at least at times, non-interchangeable.

 14 I take the methodology developed in this paper to be in tune with the spirit of Latour's series of papers
 lamenting the current trend of "critique" in academic discourse. In Latour's view, contemporary critique
 tends only to tear down, rather than build constructively upon, previous work (see esp. Latour 2004).
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 Next, I suggest that postphenomenological analysis should continue with a
 second step: the critical contrast of the particular stabilities that have been
 identified. The features of these stabilities can be highlighted against one another.
 This process may reveal new information about these stabilities.15 As a sister
 method to variational analysis, I refer to this second step as variational cross
 examination.

 While it may be possible to use variational cross-examination to investigate any
 of the particular stabilities that have been identified for a technology, this method is
 especially useful for scrutinizing what could be called the dominant stability'. This
 refers to the stability through which the technology is typically used (and most
 likely—though of course not always—the one for which it was designed or
 manufactured). Returning to Ihde's (1993: 37) quote above regarding the hammer,
 he suggests that the device is "perhaps dominantly used, for its designed purpose—
 to hammer". For the hammer, the dominant stability is reflected in its name; it is
 used to hammer nails into some other object. We have seen that Ihde performs
 variational analysis, identifying those alternative stabilities reviewed above (murder
 weapon, objet d'art, paperweight, pendulum weight, and door handle), establishing
 that the hammer is indeed multistable. To continue to the next step of the two-step
 method I propose, that is, to conduct variational cross-examination upon the
 example of the hammer, we should next contrast the features of these alternative
 stabilities with those of the dominant stability.

 Thus far I have referred only abstractly to the "features" of stabilities that can be
 contrasted with one another. To articulate some of the features I have in mind, we

 must revisit a few of the central concepts of postphenomenology and ANT,
 including embodiment, sedimentation, delegation, and programs of action. Though
 the following list may not be exhaustive, I consider three general categories of
 features that characterize various stabilities: (1) comportments and habits, (2) role
 within a program, and (3) material tailoring.

 Comportment and Habits

 One category of features that can be cross-examined is the particular set of bodily
 comportments and habits involved in each stable relation to a technology. That is, in
 order to relate to a technology in terms of a particular stability, one must take up a
 particular bodily and perceptual approach, what could be called a relational

 15 A distinction can be made between Edmund Husserl's method of eidetic reduction and the method of

 variational cross-examination that I outline here. For Husserl, it is possible to reach the "essence" of a
 target of investigation by considering it from various perspectives. By taking up those various
 perspectives it becomes clear which aspects of one's observations are accidental to a particular
 perspective, and which instead are the essential features of that object (Husserl 1950). In contrast, in
 variational cross-examination the target of investigation is the stabilities themselves. Nothing is revealed
 about the target's essence independent of perspective, independent of the context of the examination. This
 difference between the essence-targeted method of eidetic reduction, and the relations-targeted method of
 variational cross-examination, is an example of the non-foundational, anti-essentializing, pragmatic
 commitments of postphenomenology.

 Springer

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:44:42 UTC               

All use subject to https://about.jstor.org/terms



 Multistability and the Agency of Mundane Artifacts 383

 strategy.16 For example, to use a hammer in terms of its dominant stability, a user
 comports her or his body in a particular way with respect to the device, e.g., holding
 the handle rather than the head, swinging it in a particular manner. And more, if a
 user grows accustomed to using the hammer in a particular way, the device itself
 can take on a high degree of transparency; the user focuses more on the work being
 done with the hammer than on the device itself. This relationship can also become
 deeply sedimented. That is, a user can come to approach the technology with a level
 of automaticity, the device instantly appearing as part of a particular context, with
 certain aspects strongly and immediately taking on their usual transparency. It may
 be productive at times to contrast the comportments and habits associated with the
 dominant stability with those of alternatives.

 The hammer-as-murder-weapon, for example, is an alternative stability that
 would involve a different relational strategy to the one associated with hammering
 nails. That is, using this device as a weapon would call upon a different set of bodily
 comportments—e.g., it may be wielded with a different swing—than those of
 typical nail hammering. If one were to become accustomed to using the hammer as a
 weapon, it is possible that the hammer could again take on a kind of transparency
 but this time in the bodily comportmenal terms of this alternative stability. (Of
 course the context in which this transparency becomes manifest for the weapon
 brandisher would be different from that of the carpenter!)

 Ihde identifies the hammer-as-pendulum as another alternative stability. We can
 ask again what comportments would be involved in, say, threading a hammer
 shaped pendulum weight onto a chain dangling from a mechanical clock. Or we can
 ask what sorts of perceptual preconceptions go into interpreting a grandfather clock,
 allowing, for example, the swinging pendulum to fade into the background as one
 focuses upon interpreting the clockface display or the hourly auditory chimes.

 By contrasting what relational strategies are required for engaging the alternative
 stabilities possible for the hammer, aspects of typical hammering may be
 productively put into relief. It is precisely because the dominant stable relation is
 steeped in habit and transparency that aspects of this relation may be otherwise
 difficult to identify.

 Role Within a Program

 A second category of features upon which stabilities can be contrasted is the roles a
 technology could potentially play in various networks of associated actors. That is,
 one way to draw out the associations a technology maintains with other actors is to
 consider what contributions a technology could potentially make within alternative

 16 I first developed the notion of "relational strategies"—the specific understanding and bodily approach
 one brings to a technology to relate to it in terms of a particular stability—through the example of desktop
 computing. There I contrasted different ways to approach computing in the event that one's internet
 connection suddenly and unexpectedly slows (Rosenberger 2009, 2013b). This notion has also proven
 useful in a recent debate over the ethical and pedagogical implications of computer-simulated frog
 dissection in the classroom (Friesen 2011; Rosenberger 2011b).

 The notion of relational strategies is also related to the notion of "hermeneutic strategies," which
 refers to the interpretive approach that one brings to the perception of a multistable readable technology,
 such as a laboratory image (e.g., Rosenberger, 201 la. 2013a).
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 programs of action. For example, the alternative stabilities of the hammer-as
 paperweight and the hammer-as-artwork each call forth sets of relations to other
 actors. The actors to which the hammer-as-artwork may relate (e.g., museums,
 curators) are different from those of the network of the dominant stability (e.g.,
 nails, carpenters). The space of usage into which the hammer-as-paperweight fits
 would be the workdesk of papers rather than the workbench of tools.
 As in ANT, in variational cross-examination the technology is understood as a
 nonhuman that has been enrolled into a program of actors. Also as in ANT, this
 nonhuman's role in the program can be identified by considering what other
 nonhumans and humans would do in its place. What variational cross-examination
 adds, however, is consideration of how that same nonhuman—as multistable—

 could potentially play different roles within alternative programs. By considering
 the potential ways that a technology could fit in a stable manner into alternative
 networks of actors, we may gain further perspective on what has been involved in its
 actual enrollment into the dominant network. It can be difficult to identify in
 retrospect just what work had been done to translate an individual nonhuman into a
 substantial team player precisely because networks of actors can be marshaled
 together through the exertion of considerable power. It is on this point that
 variational cross-examination can be useful.17

 Concrete Tailoring

 A third category of features upon which stabilities may be contrasted regards the
 particular ways a technology may be physically altered in the process of making it
 useful toward a specific purpose. I use the term concrete tailoring to refer to the
 ways a technology has been converted specifically for use through a particular
 stability. For example, Ihde suggests the possibility of a hammer-as-door-handle
 stability. What physical changes would a typical hammer need to undergo in order
 for it to be fit into this alternative use-context? By considering the modifications that
 would be necessary for making a technology fit into the context of an alternative
 stability, we may discover things about the way that technology has already been
 customized in the process of making it fit into the context of the dominant stability.

 A bump built into the road may effectively perform the officer's duty of
 enforcing the speed limit, but that bump can itself be modified to better perform this

 duty. It can be painted with bright colors or stripes to better catch a driver's eye. A
 sign reading "bump" can be placed nearby. These material adjustments concretely
 tailor the speed bump for more optimal fit into the specific program of the police,
 and into the larger governmental and economic system.18 Subjecting this modified
 speed bump to variational cross-examination can be useful for drawing out those

 17 From here, a fruitful direction to develop these ideas further would be to integrate ANT notions of the
 strength and density of the nodes and connections that make up a network (e.g., Latour 1999). With these
 metaphors, ANT practitioners attempt to articulate just how powerfully an actor is fixed within a network.
 This is another aspect of stabilities subject to critical contrast through variational cross-examination.

 18 It is on this point where philosopher of technology Andrew Feenberg picks up. He articulates the
 importance of understanding the larger political/economic systems within which programs of actions fit
 (e.g., Feenberg 1999).
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 concrete tailorings just listed. Even if we limit our thoughts here to other kinds of
 long bumps that could be built into a roadway, alternative stabilities can be
 brainstormed. A long bump in the road could be used to provide a roadside edge
 (i.e., a curb); to direct flows of rainwater into drains; or to provide a starting block
 for drag racing. In these cases, such bumps would be concretely tailored differently.
 We can ask whether these alternative stabilities would also call for those material

 tailorings associated with the dominant stability, such as the stripes or the sign
 reading "bump". For a driver who approaches the speed bump tailored for the
 dominant stability, these stripes and signs may not be conspicuous. That is, for the
 accustomed driver, these tailorings would simply be encountered as already
 transparent and sedimented, set as "normal" and expected within the power of the
 culture, driving norms, and the state. By considering what sorts of tailorings may be
 appropriate for alternate possible stabilities, light may be productively shed on the
 particular ways that the dominant stability has been actually concretely tailored.19

 It is important to note the deeply situated character of any given postphenom
 enological analysis, a character made explicit by the addition of variational cross
 examination to the methodological toolkit of this perspective. The notion of a
 "dominant" stability, for example, highlights the situatedness of the person
 performing the analysis. Recognition of the primary way a technology is taken up
 by a community implies a subject doing the recognizing, and implies some relation
 to that community. Is she or he a member of the community within which the
 technology is used in its dominant stability? If not, then from whom has she or he
 learned about these practices? Is this investigator's vantage point one of privilege,
 institutionalized recognition, marginalization, etc.? This situatedness is highlighted
 by the perspectival nature of the two-step postphenomenological method I advocate.
 If one stops after the first step, satisfied to only demonstrate that a technology is
 multistable, it may not matter which particular stabilities have been identified, only
 that more than one has been identified. But by continuing to the second step, the
 position of the person performing the postphenomenological analysis—including
 what alternative stabilities this person does and does not consider—has a bearing on
 what may be learned. For example, the cross-examination of even more stabilities, if
 they can be identified, could provide the opportunity to learn more.

 A related point to note is that the notion of "concrete tailoring" may at first
 appear to introduce a problem for variational cross-examination: if we are not only
 considering the ways that a technology-as-is can be fit into multiple contexts, but are
 also considering altered versions of that technology, then it may not be immediately
 clear just how far such alterations should extend in our analysis. How extreme must
 a material change be for an alternative to no longer count as the same technology?
 Who makes this decision? My response is that for one to see this to be a problem
 peculiar to variational cross-examination, one must already be committed to the idea
 of an independent, non-embodied, non-situated subject, and also to the idea of an

 19 Of course the notion of concrete tailoring has much overlap with the script analysis notion of
 "inscription" (Akrich 1992). However, I want to establish a distinct concept so that the kind of material
 manipulation of concern here does not get swallowed up by the linguistic and social connotations carried
 by the script terminology. For a critique of script theory in tune with my reservations, see Verbeek and
 Kockelkoren (1998).
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 independent and innocent device. Instead, in this view, the performer of
 postphenomenological analysis is understood to be embodied and thus saddled
 with a socially and historically situated perspective from which things appear with
 meaning and relevance. It is not assumed that one's viewpoint is automatically
 detached and disinterested—but instead just the opposite; it is embedded within the
 world, perspectival, fallible, limited, and susceptible to bias. Any particular
 postphenomenological analysis should keep this fact explicit and should remain
 open to scrutiny from other perspectives. The point of variational cross-examina
 tion, after all, is not for a disembodied subject to apprehend the abstract essence of
 an object; it is to understand what has gone into the tailoring of an actual device for
 a specific purpose, whose purpose that may be, and how automatically meaningful
 that device appears within the experience of an individual user.20

 Cross-Examining the Public Bench

 Let us return again to the example of the sleep-prevention bench. I suggest that it
 takes at least the combined insights of ANT and postphenomenology to account for
 the details of this mundane technology, and that the two-step postphenomenological
 method I have articulated above is well-suited for the task. Many features of the
 sleep-prevention bench can be made explicit through variational cross-examination,
 that is, through the critical contrast of the bench-as-seat and bench-as-bed stabilities.
 First, consider the bench in terms of the bodily comportments and habits
 associated with the two stabilities identified. For a person accustomed to sitting on a
 particular bench in an everyday sense (say, waiting for the bus each morning), habits
 of conception and bodily approach develop. The details of the relationship an
 accustomed user shares with the typical (i.e., non-sleep-prevention) bench in its
 dominant stability can be drawn out by contrasting that stability with the bench-as
 bed alternative. That is, for one that sits on a bench each day, the details of her or his

 "sitting" relationship with that bench can be drawn out by comparing it with what it
 would be like if this person were to instead lay across that same bench. These details
 include the particular manner in which one comports one's body with respect to use
 in terms of the dominant stability, just how deeply transparent this relationship is,
 and just how stubbornly sedimented these aspects of one's approach may be. If that
 same user were asked to consider lying down across the bench, she or he may not
 engage this alternative stability nearly as automatically or transparently, nor would
 the same aspects of the bodily interaction with the device become transparent were
 she or he to eventually become accustomed to this alternative usage.

 20 This introduces epistemological questions into postphenomenological thought—a step forward, I
 think, for this account. How to productively combine and cross-analyze situated perspectives to draw out
 biases in the analysis of multistable technology is a question that I cannot address here. But it is clear
 upon whose work such a project should be built (e.g., Code 1991; Star 1991; Haraway 1991; Harding
 1991; Alcoff 1997; Hartsock 1998). It seems possible to utilize the insights of feminist standpoint
 epistemology and feminist phenomenology to develop ways to "operationalize" this kind of analysis, as
 Harding would put it, for considering the situated biases of various actors.
 For a thoughtful analysis of the notion of multistability that also approaches the sorts of
 methodological concerns raised in this section of the paper, see Whyte (forthcoming).

 Ô Springer

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:44:42 UTC               

All use subject to https://about.jstor.org/terms



 Multistability and the Agency of Mundane Artifacts 387

 In the case of the sleep-prevention bench, an everyday user of the dominant
 sitting stability typically will not have already performed any kind of varational
 analysis. This person will not be thinking about the bench as something that can be
 both sat upon and lain across. Thus, insofar as the bench is approached in terms of
 its dominant stability, she or he would most likely not even notice the vertical
 dividers since they do not impede usage in terms of the bench-as-seat stability.
 (However, of course we can imagine some instances in which a user could become
 aware, and of course we can also imagine some bench-as-seat users for which the
 dividers would present an impediment). The addition of the dividers-—or other such
 sleep-preventing modification—both leaves the user free to sit as she or he would,
 and also at the same time renders the user unable to take up the device as a bed. And
 this modification remains hidden within the unnoticed background aspects of an
 everyday user's seating experience, concealed by habitual routine.

 Second, consider the sleep-prevention bench in terms of its role in the larger
 program of action into which it has been enlisted. As described above, the material
 configuration of the sleep-prevention bench provides clues about the particular
 agenda toward which it has been enrolled as an actor. Without the dividers, a bench
 can be made to fit into either of the purposes under discussion here, sitting and
 sleeping. With the dividers, however, of course a more nuanced agenda is revealed.
 The program to which the sleep-prevention bench belongs includes not only the goal
 of providing a place for users to sit; this program simultaneously includes the goal
 of discouraging homeless people from spending time in the area around the bench
 by ruling out the bench's use as a bed. In this way, to the sleep-prevention bench has
 been delegated the task of controlling the whereabouts of the homeless population.

 There is a complexity to the bench's enrollment into the program of influencing
 the homeless that ANT cannot fully address alone. The dispute over the sleep
 prevention bench does not reduce to a clash between two networks. To understand
 what role the sleep-prevention bench plays in the program of allowing sitting and
 prohibiting sleeping, it takes more than identifying what other humans or
 nonhumans would do in the bench's place, as Latour would suggest. The story of
 the sleep-prevention bench includes more than merely an account of interchange
 able actors (e.g., conceiving of the sleep-prevention bench as swappable with, say,
 the typical bench plus a police officer shooing away those looking for a safely public
 place to sleep). This story additionally requires recognition that this particular
 nonhuman, the bench, is a multistable technology open to a particular limited
 variety of uses. It is precisely because the typical bench can be approached in terms
 of a particular variety of stable uses that the issue of prohibiting certain uses arises
 in the first place. Sleep-prevention benches were never objects introduced into areas
 purely for the purpose of manipulating the homeless in the same way a speed bump
 is introduced into an area for the purpose of manipulating speeders. The bench-as
 bed stability is instead an alternate usage that happens to be possible for a typically
 shaped bench. The social dispute is a side effect that first arises from the
 introduction of a bench into an area, one made possible by the fact that the bench is
 multistable and that bench-as-bed is one of its stabilities, and also of course by the
 fact that the need of the homeless for a safely public place to sleep exists already
 independently of any benches.
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 This brings us to the third feature to consider: exactly how the device has been
 concretely tailored to fit into a program. In the case of the sleep-prevention bench,
 of course the particular tailoring at issue is the addition of the vertical dividers or
 other such sleep-prohibiting modification. Unlike the example of a speed bump
 which may be concretely tailored with painted stripes that facilitate a better
 performance of its dominant speed-limiting duties, the sleep-prevention bench has
 been concretely tailored to foreclose an alternate stable usage. The vertical slats do
 not encourage sitting the way stripes further encourage speed reduction; the sleep
 prevention modifications are a countermeasure against an alternative usage
 introduced by the multistability of typical bench design. Against the interests of a
 homeless population that would use the bench in an alternative manner, the sleep
 prevention bench is tailored to restrict how it may be used. Explicitly contrasting the
 dominant bench-as~seat stability of the sleep-prevention bench against the bench-as
 bed stability draws out the specific ways that the device has been concretely tailored
 for the purpose of excluding that specific alternative usage. Because the dominant
 bench-as-seat stability is not interrupted by this tailoring, and because the homeless
 population is disenfranchised, it could be easy for the functioning of this tailoring to
 go unnoticed by the bench-as-seat users.

 Discussion: Zeroing in on Technological Agency

 Above, I have attempted to amalgamate aspects of postphenomenology and actor
 network theory around the notion of multistability. I have primarily performed this
 amalgamation through the development of "variational cross-examination," a
 method for investigating technology that integrates insights from both perspectives.
 This procedure involves first brainstorming possible stabilities for the target
 technology, and then contrasting their features, including their relations to users'
 bodies, their places within larger social assemblages, and their concrete material
 configurations. A notable quality of this method is that, in tune with the
 philosophical commitments of both actor-network theory and postphenomenology,
 its results remain nonfoundational; that is, they do not purport to reveal the essential
 nature of the technology. Instead the information yielded is about the relations
 themselves, situated and context specific, revealed through the critical comparison
 of those very relations.
 As a final set of thoughts, I would like to consider the implications of this
 expanded version of postphenomenology, amalgamated with actor-network theory,
 for the problem of technological agency. As defined negatively above, the problem
 of technological agency refers to the task of conceptualizing technology's agential
 role in the actions of human-technology assemblages in a way that reduces to
 neither that of users and social collectives, nor that of the artifacts themselves.

 While the amalgamated perspective I have developed here does not, in my view,
 provide a simple or complete solution to the problem, it does approach it in a way
 that neither postphenomenology nor actor-network theory have so far even
 attempted. That is, the amalgamated view outlined above realigns these theories

 Springer

This content downloaded from 
             177.194.45.3 on Tue, 19 Oct 2021 18:44:42 UTC               

All use subject to https://about.jstor.org/terms



 Multistability and the Agency of Mundane Artifacts 389

 such that they can at least begin to zero in upon a solution to the problem of
 technological agency.

 Actor-network theory and postphenomenology both employ the same maneuver
 to displace the problem of technological agency, at least as I have defined it here.
 This maneuver, as we have seen above specifically in the works of Ihde, Latour, and
 Verbeek, is to maintain that the notion of agency should only ever be attributed to
 collections of humans and technologies together. In the case of Latour's version of
 actor-network theory, the notion of agency should only be attributed to networks of
 associated actors, human and nonhuman, rather than to any individual human or
 nonhuman. According to the versions of postphenomenology advanced by Ihde and
 Verbeek, the notion of agency should only be attributed to human-technology
 relations, rather than to an individual user or to an individual technology. Even
 granting these maneuvers, I suggest that the problem of technological agency
 remains: what is the specific role played by a technology within the overall agency
 of the assemblage?

 Technologies often sit at the intersection of user experience and larger social
 programs of usage. I suggest that neither side of this intersection—neither the
 technology's role in user experience, nor its role in a larger social program—can
 be fully conceived without an understanding of its relation to the other side. This is
 clear in the example of the sleep-prevention benches. The story of how and why the
 sleep-prevention measures are added to a typical bench requires addressing several
 factors in relation to one another, including the relation between a user's bodily
 habits and the different stabilities of the bench, the relation between users'

 intentions and the sleep-prevention tailoring, and the relation between those
 stabilities and the agendas of different larger communities of actors. This point can
 be explicated by highlighting what each theory, postphenomenology and actor
 network theory, independently overlooks even in its own terms.

 Without actor-network theory, postphenomenology remains unable to account for
 the actions of others on the technology with which a user shares a relation. While
 postphenomenology may specialize in describing the relationships that can occur
 between a user and a technology, these relationships do not occur within a social
 vacuum. A larger community of actors may tailor that technology for their own
 purposes. These tailorings influence what kinds of relationships are possible
 between an individual user and a technology. That is, a postphenomenological
 account of an individual human-technology relation is incomplete—even in its own
 terms—without an understanding of how that technology has been shaped by larger
 communities of actors. As Latour (1994: 52) puts it, "Technical action is a form of
 delegation that allows us to mobilize, during interactions, moves made elsewhere,
 earlier, by other actants". In the case of the sleep-prevention bench, the
 postphenomenological perspective by itself remains unable to account for the
 larger network of actors that provide the sleep-prevention modifications—modifi
 cations which refigure what kinds of stable relationships are possible between a user
 and the device.

 Without postphenomenology, actor-network theory remains unable to account for
 the effects of both individual user experience, and also the multistability of
 technology, on the overall agency of a network. That is, (1) the particular way an
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 individual human actor conceives of a technology (and embodies those conceptions
 through habituation), is relevant to the agency of a larger network. Put broadly,
 changes to human consciousness and embodiment are significant to the agency of
 chains of actors. And, (2) the multistability of a technology, i.e., exactly which uses
 are stable within user experience and which are not, is also relevant to the overall
 agency of a network. Again put broadly, the fact that a technology, as a material
 actor, makes certain things possible and not others for human users (and that
 customizing that technology can refigure these possibilities) is significant to the
 agency of a chain of actors.
 The example of the sleep-prevention bench draws out these limitations. The
 actor-network perspective remains unable to account for the role of the bench's
 multistability in its evolving history. That is, ANT cannot alone account for the
 ways that alternative specific possibilities for action emerge from one group's
 design of a technology for a particular purpose. It is not only the case that two
 groups are in disagreement how a technology should be used. It is that the
 technology itself makes possible multiple-though-limited relationships with human
 bodies, and that social disagreements emerge because of specific possibilities
 enabled by that multistability. From there, the more powerful community addresses
 this phenomenon with a new material design that makes one bodily relation
 impossible while retaining the possibility of their preferred bodily relation.
 The point is that a technology's role in the overall agency attributed to an
 assemblage does not reduce to either individual bodily relations or to group
 dynamics, and that it is not possible to provide a complete account for either factor
 alone without engagement with the other. The development of a more complete
 conception of technology usage turns out to be more complex than even the richness
 of actor-network theory and postphenomenology imply. Any account of techno
 logical agency must contend with a technology's status as a distinct multistable
 material participant that remains continuously implicated within both individual
 user experience and the agendas of larger communities.
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Matteo Pasquinelli

The Automaton of the Anthropocene:  
On Carbosilicon Machines and Cyberfossil Capital

Natural equilibriums will be increasingly reliant 
upon human intervention, and a time will come 
when vast programmes will need to be set up in 
order to regulate the relationship between oxygen, 
ozone and carbon dioxide in the Earth’s atmosphere. 
We might just as well rename environmental  
ecology machinic ecology, because Cosmic and 
human praxis has only ever been a question of 
machines, even, dare I say it, of war machines.  
From time immemorial “nature” has been at war 
with life! The pursuit of mastery over the mechano-
sphere will have to begin immediately if the accelera-
tion of techno-scientific progress and the pressure of 
huge population increases are to be dealt with.
—Félix Guattari, The Three Ecologies

As social life becomes mature, the social unemploy-
ment of machines will become as marked as the 
present technological unemployment of men.
—Louis Mumford, Technics and Civilization

The Bicephalous Machine

 The history of industrial civilization can be 
depicted as a bicephalous chimera whose heads 
grew out of the same machine, innervated each 
other, and, after further metamorphoses, still 
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attempt to hegemonize each other. The two heads are Energy and Informa-
tion, and they bifurcated out of the industrial machine of the nineteenth 
century, although at different tempos. They initiated and extended two tech-
nological lineages: the civilizations of Carbon and Silicon, respectively, the 
one of energy as a medium of motion and the one of energy as a medium of 
control and communication. The two regimes carried different entropic costs 
and also quite different colonial costs, having been developed at different his-
torical stages and latitudes of the planet. Although, for instance, Charles 
Babbage’s (1832: 153) Analytical Engine was potentially ready to replace “the 
mental division of labor” in the industrial factory, only the microchips and 
labor composition of the twentieth century would be able to trigger the cor-
responding information revolution. And although Karl Marx registered the 
“metabolic rift” (Foster 1999) caused by the pollution of “carboniferous capi-
talism” (Mumford [1934] 2010: 156) on the English landscape, the input and 
output of the industrial apparatus set in motion a gigantic web of economic 
relations and supply chains that enslaved populations beyond the borders of 
the British Empire.

The thermodynamic engine is correctly identified as the central axis of 
the Industrial Revolution, but the flows of primitive accumulation that pre-
pared its terrain are today finally recognized: the significant contribution of 
agricultural enclosures, resources expropriation, colonial invasions, unpaid 
domestic labor, and slavery. Since Marx’s formulation, the industrial 
machine is perceived specifically as the diagram of surplus value, in which 
machinery is dead labor that dialectically absorbs workers’ living labor. After 
cybernetics (Wiener 1948) and Gilles Deleuze and Félix Guattari’s philoso-
phy of the assemblage (DeLanda 2016), the machine is described in a less 
dialectical way as a conurbation of flows of money, energy, matter, and infor-
mation. The unruly technosphere responsible for the Anthropocene should 
be analyzed with both approaches in mind: the one that sees the machine as 
a diagram of surplus, accumulation, and crisis and the one that sees it as a 
network of flows that responds to a larger social ecology.

Rather than engaging in metaphysical debates on the opposition 
between Nature and Society, this essay looks for an empirical assemblage 
where the connection between the two, through the paradigms of energy 
and information, can be studied. The essay illustrates the industrial machine 
as the forgotten bifurcation of energy and information and follows such a 
bifurcation along three stages: the industrial factory, the cybernetic society, 
and planetary computation. Labor is made of energy and information, and so 
also is capital. By defining labor as the composition of energy and informa-
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tion, labor can be woven back into the fabric of the Anthropocene paradigm, 
which itself emerged as a complex architecture of energy and information. 
Within this picture, labor remains the collective agency that is socially and 
politically separated by technology and that appears, then, to be “encrypted” 
(or, more interestingly, outcrypted) in all subsequent regimes of production.1 
In this respect, the Anthropocene paradigm seems complicit with a mode of 
governance that attempts to dissolve labor conflicts into the fabric of infor-
mation and energy, thus mystifying labor into technological forms so as to 
render it invisible (as argued in the case of automation by Giedion 1948).

The intimate relation between labor and the energy economy has been 
investigated since the energy crisis of the 1970s that George Caffentzis 
([1980] 1992) rightly renames a “work/energy crisis.” Caffentzis notices that 
information is required by capital to allocate resources and workers in the 
most efficient way against entropy: information is the economic intelligence of 
energy. But more importantly, both information revolution and energy crisis 
are responses to the social movements of the 1960s and their refusal of 
labor. Similarly, this essay tries to weave together the energy theory of labor 
(labor as manual activity) with the information theory of labor, that is, labor as 
a source of information that gives form to energy and matter.

A genealogical study of information that goes back to the industrial 
age is worthwhile. The global technosphere responsible for the Anthropo-
cene still resembles, in its form and function, the automaton of the indus-
trial age, which was described also by Marx ([1867] 1981: 544) as a central 
axis of production running nonstop and orchestrating the overall division of 
mental and manual labor in the factory. Sadly, the automaton of the techno-
sphere and its comfort narratives (such as the myth of technological singu-
larity) appears to mirror and capture today the autonomy of social move-
ments theorized and practiced in the previous decades.

Confronting the Anthropocene paradigm with Guattari’s machinic 
ecology (that includes the inorganic, organic, technological, economic, and 
psychic spheres within the same Umwelt), this essay attempts to recompose 
the epistemic rift between energy and information that was provoked by 
industrial capitalism and then amplified by cybernetics and the digital revo-
lution. The recombination of labor’s intelligence (Schaffer 1994), that is, a 
novel assemblage of energy and information at a higher scale of labor, will be 
proposed as a necessary passage toward the machinic ecology that Guattari 
envisioned also as a political ecology of the mind.

As much as political economy has discovered the substrate of energy 
and labor in the diagram of information capitalism too late (for focusing on 
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frictionless paradigms such as knowledge economy and network society for 
too long), ecology has overlooked the role of information in the Bildung of its 
own cognitive map. If the critique of industrialism helped to recognize the 
metabolism of energy and matter also in the regime of information machines 
(see the idea of media geology in Parikka 2015), likewise a new critique of 
cybernetics should help to remind us of the role of information in the growth 
crisis of the old industrial apparatus. The two regimes of industrialism and 
informationalism will be hopefully described, one day, according to a para-
digm that is capable of comprehending their continuum, intersections, and 
bifurcations, that is, their coevolution.

If labor is reframed according to the composition of the flows of energy 
and information, a new theory of machine is also necessary. At the end of 
the essay, the sketch of the carbosilicon machine (the infoenergetic assem-
blage that emerged with the coupling of the Turing machine and the ther-
modynamic engine) will hopefully cast a different light on the politics of the 
Anthropocene and the division of labor engendered by the age of planetary 
computation and logistics. In the last part of the essay, the two paradigms of 
“fossil capital” (Malm 2016) and “control revolution” (Beniger 1986) will be 
united into the exploratory idea of cyberfossil capital, the ultimate assemblage 
of the perennial flows of energy and information.

Coal, or the Fuel of Abstract Labor

It was Gilbert Simondon (2009: 20) who noticed that the industrial machine 
was already an infomechanical relay, as it was separating, for the first time, 
the traditional form of labor in a source of energy (propelled by natural 
resources such as water or coal) and a source of information (the conscious 
movements and instructions of workers supervising the machine). In this 
view, the traditional tool is a design in which energy and information are still 
united: with the hammer, for example, the preindustrial artisan was provid-
ing both energy and form in the same gesture. It was thanks to their separa-
tion (bifurcation) that the flows of energy and information could be governed 
and exponentially multiplied by capital.

The Industrial Revolution was the reorganization of the labor power 
of the manufacturing age around the gigantic master axis of the factory—
of which workers and flows of natural resources became mere prostheses. 
The Scottish business theorist Andrew Ure (whom Marx humorously called 
“the Pindar of the automatic factory” for his extravagant prose) described the 
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industrial apparatus as “a vast automaton, composed of various mechanical 
and intellectual organs, acting in uninterrupted concert for the production 
of a common object, all of them being subordinate to a self-regulated mov-
ing force” (Ure 1835; quoted in Marx [1867] 1981: 544). In a similar way, Bab-
bage (1832) recognized a division of manual and mental labor within the 
management of the factory and imagined two different forms for their 
mechanization: whereas thermodynamic machines were replacing manual 
labor, his Analytical Engines, prototypes of modern calculators (yet never 
finalized during his life), were supposed to automate, for instance, the intel-
lectual labor of the factory’s accountants. The automation of mental labor 
(information) takes hold through a more profound relation with the metabo-
lism of energy.

Andreas Malm (2013) has illustrated how the motion of the rising 
industrial automaton had to be propelled by a stable and versatile form of 
energy, which happened to be found in coal. The physical properties of coal 
(lightness, homogeneity, measurability, calorific potential) crucially contrib-
uted to the acceleration of industrial capitalism. Steam engines replaced 
water mills not because coal was cheaper and more abundant than water, but 
because it provided a more stable flow of power than rainfalls and allowed 
factories to move close to urban areas, where most of the workers were living 
at the time. Malm registers in this way the energetic reason for the slow 
emergence of the industrial mode of production out of the manufacturing 
age: indeed, it took roughly forty years for the steam engine to be adopted in 
the place of the water mill. Coal came to be used across the full spectrum of 
production since it was the most adequate source of abstract energy—where 
abstract means easily computable in terms of cost, transport, stock, and per-
formance. Coal could be transformed into a systemic component of capital 
only via a technological innovation, that is, the thermodynamic engine.

For coal to be universalised as a fuel for all sorts of commodity production, it 
had to be turned into a source of mechanical energy—and, more precisely, of 
rotary motion. Only by coupling the combustion of coal to the rotation of a 
wheel could fossil fuels be made to fire the general process of growth: 
increased production—and transportation—of all kinds of commodities. 
This is why James Watt’s steam engine is widely identified as the fatal break-
through into a warmer world. (Malm 2013: 18)

What is recognized in the gears of such an industrial artifact is also the cou-
pling of abstract energy and abstract labor.2 Malm spotlights, in particular, the 
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subtle relation between the energetic versatility of coal and the consolidation 
of the new spatiotemporal abstractions of capital, namely, urban factories 
and their clock-based labor discipline. Coal provided the energetic contin-
uum that was necessary for the disciplinary abstractions of industrial time 
and industrial space to emerge.3

Extending Malm’s genealogy, it may be added that the abstract proper-
ties of information emerged thanks to the nature of fossil energy, to its 
homogeneous carbon chains, that made coal easier to quantify and compute 
than traditional sources, such as water or animal power. If coal could be 
turned into abstract energy and labor into abstract labor, this happened spe-
cifically thanks to two new technologies of control at the center of the indus-
trial apparatus: “closed-loop feedback devices like James Watt’s steam gover-
nor (1788) and preprogrammed open-loop controllers like those of the 
Jacquard loom (1801)” (as noted by Beniger 1986: 17). The steam governor 
was a device to maintain the constant output of an engine by regulating its 
fuel input in real time (retrospectively, it is considered the first cybernetic 
device). The punched card was a data device to store instructions of textile 
patterns for the Jacquard loom (its data format would be adopted by IBM, 
almost unchanged, throughout the twentieth century). To be more precise, 
Watt’s governor was turning the engine impulses into abstract movement, 
that is, constant rotary motion, and Jacquard’s punched cards were turning 
manual instructions into abstract form, that is, information. Watt’s governor 
and the Jacquard loom’s punched cards—that is, control of motion and con-
trol of information—can be considered, in embryo, the first two anatomical 
components of the upcoming cybernetic system.4 Throughout the Industrial 
Revolution, the bifurcating lineages of energy and information were already 
affecting one another and composing novel assemblages.

One may say that somehow both Marxism and environmentalism 
address the energetic component of capitalism: the former identifies it in the 
exploitation of human labor, the latter in the exploitation of natural resources. 
The “autonomy” of both labor and nature is used sometimes to unify the 
ground of “red” and “green” politics, but this energy theory of labor overlooks 
the role of information in the definition of both labor and nature. Whereas 
this section attempted to uncover the role of information within the indus-
trial apparatus and the traditional definition of labor, the following section 
will show the hidden function of information in the constitution of the para-
digm of ecology. Interestingly, both ecology and cybernetics will appear like 
the interweaving of the very same flows of energy and information—yet out-
side the factory.
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Information, or the Government of Surplus

Conceptually, both ecology and cybernetics share roots in the notion of 
organism that is found in the German Naturphilosophie of the nineteenth 
century, where any “form of life” (from the animal to the nation-state) was 
understood as self-centered and in antagonism with the surrounding world 
(Umwelt). It was the zoologist and popular illustrator Ernst Haeckel (1866) 
who introduced the term ecology (Ökologie) as the study of the relation 
between organism and environment. The biologist Jakob von Uexküll (1920) 
described the relation between the animal’s nervous system (Innenwelt) and 
the outside world (Außenwelt) as a “functional circle” (Funktionskreis)—a 
scheme that would later be repeated in the feedback loop of cybernetics. 
Similar to the Funktionskreis, the feedback loop of cybernetic systems was 
conceived as a circulation of information and response to an external stimu-
lus. Uexküll viewed the organism as an information processing system 
struggling to adapt to the environment, similar to the adaptive model that 
influenced the early design of the “cybernetic brain” (Pickering 2010). Yet 
one should remember that Uexküll (as much as Marx) did not possess a 
notion of information: the mathematical definition of information would be 
formulated only by Claude Shannon (1948).

Another family trait common to ecology and cybernetics is the idea of 
conservative equilibrium and self-regulation (later on, this would be further 
consolidated in the notion of homeostasis).5 There is a distinction to be made 
though: in ecology the medium of self-regulation appears to be the energy 
metabolism itself, whereas in cybernetics the medium of self-regulation is 
strictly assigned to information. The two paradigms converged from time to 
time and formed what is called cybernetic ecology. The Whole Earth Catalog 
published in California between 1968 and 1972 was a culminating example 
of this coevolution and, interestingly, a cultural pioneer of the following 
regime of production, the network society (see Bryant 2006; Turner 2010). 
For stressing the role of the infosphere in the control of the technosphere, 
the Anthropocene paradigm can also be considered part of the history of 
cybernetic ecology.

Historically, cybernetics originated from a mix of information theory 
and cognitive sciences that was heavily sponsored by military research 
(including the Manhattan Project in the construction of the first nuclear 
bomb). This essay illustrates cybernetics only in its coupling with the indus-
trial apparatus: the information flow bifurcating out of the industrial machine 
encountered cybernetics and mainframe computers just after World War II. 
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As James Beniger (1986) shows in his book The Control Revolution, the 
paradigm of informationalism emerged through the continuous pressure 
of industrial production, in fact, out of a “crisis of control” of Western cap-
italism. A more and more abstract definition of information (i.e., measur-
able, computable, and transmissible knowledge) had to be introduced to 
manage the economic and commodity boom of the United States after 
World War II.

The cybernetic lineage that germinated out of the information terminal 
of the industrial machine aspired to control factories, national economies, 
and even the whole planet as its new self-reflexive organ, or world brain. 
Douglas Engelbart (1962) advanced the idea of machine-aided augmented 
intellect for problem solving even at the geopolitical scale. Stafford Beer 
(1972) would apply cybernetics to factory management with utopian enthusi-
asm: Salvador Allende’s socialist government would invite him to develop 
the project Cybersyn with the purpose to regulate Chile’s economy (which 
was, by the way, heavily based on copper extraction).6 There is a lineage of 
cybernetics that was progressive: sometimes called social cybernetics, it 
influenced antipsychiatry movements and French philosophy too. Deleuze 
and Guattari (1987: 21) took the idea of plateaus, for instance, from the work 
of the English cybernetician Gregory Bateson on Balinese culture.7

With the original nucleus of ecology, cybernetics shared the idea of a 
self-regulating system based on information loops but applied this scheme 
to the design of intelligent machines. After World War II, during the so-
called Great Acceleration (Steffen et al. 2015), industrial cybernetics was sup-
posed to contain the overgrowth of production flows as a control apparatus. 
With the microchip revolution, the technologies of communication and con-
trol grew and transformed into a new vast nervous system, a sentient techno-
sphere that today is escalating to the size of global data centers and the sophis-
tication of machine learning algorithms. Cybernetics was also supposed to 
transform the economy into an ecology of feedback loops in order to control 
social unrest and potential revolutions. But homeostasis is a troublesome 
category when transplanted from biological to economic and institutional 
systems: in fact, capitalism keeps on expanding the use of fossil fuels and 
crunches ever-growing databases, feeding on metabolic surplus. As Beniger 
(1986) noted, the information revolution grew up (and keeps on growing) by 
feeding itself on the industrial and energetic surplus that it was supposed to 
measure and control. Equilibrium is rarely seen.

Cybernetics was thus the first technopolitics, that is, the first time a 
technological protocol was claimed as a protocol of political government (see 
Deutsch 1963). More exactly, cybernetics was the normative project of power 
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in the age of information machines—a shift that Michel Foucault, but not 
Deleuze and Guattari, failed to record in his epistemology of power, although 
French philosophy (since the work of Simondon) was among the few early 
critical voices of the control paradigm of cybernetics. Marxism developed a 
critique of cybernetics too late, and Italian operaismo (workerism) started its 
inquiry on cognitive labor, not by chance, only after 1989. The only exemp-
tion may be the pioneering and forgotten work of Romano Alquati, who 
studied the division of labor at the Italian computer factory Olivetti as early 
as 1961 (!) and attempted to merge the notion of Marx’s surplus value and 
cybernetic information under the concept of valorizing information. Alquati 
was probably the first to sketch an information theory of labor. 

The productive labour is defined by the quality of information elaborated and 
transmitted by the worker to the means of production via the mediation of 
constant capital, in a way that is tendentially indirect, but completely social-
ized. . . . Cybernetics recomposes globally and organically the functions of 
the general worker that are pulverized into individual microdecisions: the 
‘bit’ links up the atomized worker to the figures of the Plan. (Alquati 1963; 
translated in Pasquinelli 2015: 55)

Autonomist Marxists like Alquati often stressed how social struggles 
and the refusal of labor accelerated industrial automation and the dissemina-
tion of information technologies. Labor resistance pushed the information 
revolution in the passage from Fordism to post-Fordism. But post-Fordism is 
not only the regime of the “hegemony of immaterial production”;8 it rose as 
a massive concentration of information, that is, knowledge and intelligence, 
on the side of capital, in fact, as a “control revolution” over industrial produc-
tion (Beniger 1986). Post-Fordism is Fordism plus the databases of labor.

Computation, or the Encryption of Labor

Paul Edwards (2010) has illustrated how climate science and the computa-
tion of global warming are possible only thanks to a planetary network of 
sensors, data centers, and institutions that conceived and implemented 
mathematical models for data mining and forecasting. Surprisingly (or 
maybe not), the first picture of the “vast machine” of meteorological compu-
tation by John Ruskin (1839) resembled closely the “vast automaton” of the 
industrial factory described by Ure (1835). Ruskin’s Meteorological Society 
appeared to be designed to mirror and second the central technological axis 
of the time, that is, the giant automaton that was orchestrating the division of 
manual and mental labor in the industrial factory.
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The Meteorological Society, therefore, has been formed not for a city, nor for a 
kingdom, but for the world. It wishes to be the central point, the moving 
power, of a vast machine, and it feels that unless it can be this, it must be pow-
erless; if it cannot do all it can do nothing. It desires to have at its command, at 
stated periods, perfect systems of methodical and simultaneous observations; 
it wishes its influence and its power to be omnipresent over the globe so that it 
may be able to know, at any given instant, the state of the atmosphere on every 
point on its surface. (Ruskin 1839: 59)

The perception of the whole earth as ecosystem (as in the Gaia hypothesis) 
and the measurement of the Anthropocene are possible only through the 
most sophisticated information technologies. As much as the British Meteo-
rological Society imitated the automaton of industrial capitalism qua control 
apparatus, today climate science institutions mirror the data centers of com-
putational capitalism. With almost identical techniques, global data centers 
accumulate information and intelligence, not just about the world’s climate 
but also about financial markets, logistical chains, international terrorism, 
and, more importantly, social networks of billions of individuals. Is the simi-
larity of climate science and control apparatuses just a coincidence, or does it 
point to a more general form of governance?

The vast network of climate science appears like an extended cyber-
netic loop with big institutions taking the role of the nervous system of a 
pretty large organism—planet earth. The “vast machine” of the early climate 
science should be considered as the prototype of the governance machine of 
the Anthropocene, in which more and more metabolic flows and infrastruc-
tures are integrated and computed.9 Climate science infrastructure and the 
Anthropocene technosphere emerge like the late twin of computational capi-
talism, in which computation appears to be oriented to the calculus of the 
planet’s surplus energy rather than the calculus of surplus labor. Computation 
comes to give form to surplus, but one wonders if such a computation of sur-
plus energy is just a way to mystify surplus labor. Since the “work/energy 
crisis” of the 1970s (Caffentzis [1980] 1992), we know that any definition and 
measure of energy affects the governance of labor. More generally, it looks as 
if we have surrendered the antagonism between labor, energy, and informa-
tion to the Cybernetic Hypothesis (Tiqqun 2001), on one side, and the 
Anthropocene Hypothesis, on the other. The former postulates that life on 
the planet is already under the control of a totalitarian cybernetic apparatus, 
the latter that life on the planet should be under the control of a benevolent 
cybernetic apparatus. In both scenarios, computation is the adequate form 
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of the paradoxical disappearance of labor, that is, the ideological encryption of 
labor within technology. It is necessary, then, to reveal labor again in the dia-
gram of technology and, conversely, technology in the diagram of labor. The 
limit of current Marxism is the inability to recognize the new forms of tech-
nified labor and technified subjectivities that have lost any resemblance to the 
labor struggles of the past. In the mesh of global logistics and the algorith-
mic division of labor, new assemblages of labor must be recognized.

Carbosilicon Assemblages and Cyberfossil Capital

Any bifurcation is the birth of a new assemblage. And, in turn, any new 
assemblage expands previous bifurcations. In 1989, the same year the Ber-
lin Wall fell and a decade before the much-celebrated rise of the network 
society, Guattari ([1989] 2013: 11) pictured “the age of planetary computeriza-
tion” in his book Schizoanalytic Cartographies. This age was prophetically 
marked by a polyphony of technologies including new chemical compounds 
and even nuclear fusion energy but, more importantly, also artificial intelli-
gence and large databases. According to Guattari, new subjectivities would 
be based on the computation of “enormous quantities of data” and biological 
engineering would remodel traditional living forms. In the same year, Guat-
tari also published The Three Ecologies and recognized, in parallel, the eco-
logical catastrophe driven by the hubris of technoscience. He writes: “The 
Earth is undergoing a period of intense techno-scientific transformations. If 
no remedy is found, the ecological disequilibrium this has generated will 
ultimately threaten the continuation of life on the planet’s surface” (Guattari 
[1989] 2000: 27).

The contrast between the potentiality of computation and the damages 
of the technosphere has become manifest today, with global data centers 
accelerating networks of logistics, the extraction of natural resources (often 
in the global South), and fossil fuel emissions worldwide. The incestuous 
relation between planetary control and planetary disequilibrium is the riddle 
at stake in the hiatus between the Cybernetic Hypothesis and the Anthropo-
cene Hypothesis, the civilizations of Silicon and Carbon, the lineages of 
Information and Energy, as illustrated throughout this essay. The relation 
between the chimera’s two heads of Energy and Information happened to be 
a turbulent double bind: of mutual amplification (in the game of capital) but 
also of containment (in the game of politics). Rather than reiterating the 
opposition of monotonic paradigms, it may be better to try and consolidate 
the assemblage of energy and information into new systemic notions.
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The idea of the carbosilicon machine is proposed to describe the histori-
cal assemblage of the industrial and information apparatuses, the grafting of 
the Turing machine onto the governor of the thermodynamic engine. The 
carbosilicon machine is but the cypher of the technosphere, which seals the 
molecular imbrication of manual and mental labor that is often overlooked. If 
Babbage’s Analytical Engine, now acknowledged as the first stored-program 
computer, was “a projection of a more perfect factory” (Mirowski 2002: 34), 
any Turing machine should be considered an overall dispositif for the logistics 
of mental and manual labor as well as that of matter and energy. At a plane-
tary scale, the coupling of energy and information is obvious in the colonial 
relation between the data centers of the logistics companies of the global 
North and the extractive industries in the global South. The “Technosphere 
of the Anthropocene” is therefore the name given to the globalization of the 
old colonial factory, still waiting to find the present-day Babbage and Marx.

The notion of the carbosilicon machine may help to decouple and repur-
pose technology from its colonial and monopolistic destiny and, more impor-
tantly, to illuminate new forms of struggle and resistance. Such a clarification 
is especially hard nowadays due to the double crisis of the Carbon and Silicon 
regimes: the environmental and energetic crisis, on the one hand, and the cri-
sis of valorization triggered by digital technologies, on the other, have galva-
nized political fronts that strive to merge. Critical thought, and specifically 
Marxism, has never tried, in this respect, to unite the lineages of energy and 
information into a synthetic definition of labor. Everything can be easily 
described under the hegemony of financial capitalism, but fossil capitalism and 
cognitive capitalism are still waiting to be integrated. Such a theoretical weak-
ness is mirrored by a sort of “bifurcation” that happens to social struggles too. 
The disconnect between information-related struggles (from the hacker 
movement to the digital precariat, from Anonymous to media activism in the 
post–Edward Snowden age) and energy-related struggles (from antinuclear 
movements to climate justice, from urban ecology to indigenous struggles on 
land and sovereignty) is evident. To use an old topos of the autonomist 
thought: a new political composition of energy and information must be 
thought against the technical composition that bifurcated them since the 
industrial age.

How might we address social autonomy in the age of the planetary 
automaton? Ironically, the automaton of the technosphere (as in Haff 2014) 
appears to absorb and reverse the autonomy of social movements and work-
ers’ struggles of the 1960s and 1970s as much as the network cultures of the 
1990s to 2010s (themselves easily captured by the new social monopolies of 
the Internet). The technological form absorbs features that once belonged to 
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the social form. It may be wise to clarify here that automaton means “capable 
of independent motion,” whereas autonomy means “self-governing and able 
to invent new laws, rules, and habits.” Automation is the imitation of old 
rules; autonomy is the invention of new ones. This is why Langdon Winner 
(1977: 16) says that the expression “autonomous technology” is ironic, 
because technical objects seem to supplant the freewill of subjects. To 
rethink social autonomy today one has to see what the autonomy of energy 
and the autonomy of information mean together in an expanded (and tech-
nified) notion of labor.

Eventually the designation of carbosilicon machine summons the 
demons of its historical proliferation and logically bespeaks the birth of the 
regime of cyberfossil capitalism—a regime that has implemented energy and 
information qua abstract equivalents as much as labor and money. The 
imbrication of energy and information flows is not new to philosophy. In 
their reading of the “Fragment on Machines” in Grundrisse (Marx [1939] 
1993: 690–712), Deleuze and Guattari (1983: 232) recognized a machinic sur-
plus value that was distinguished into a surplus value of flow (labor, energy) 
and a surplus value of code (information, knowledge). Accordingly, late com-
putational capitalism should be defined as an abstract machine that divides 
labor in flows of energy and information and manages their synthesis qua 
real abstractions. Cyberfossil capitalism is the metabolism of the most 
archaic biosphere and the most abstract technosphere united by capital.

Notes

 1  The term outcryption refers to something that is invisible and inaccessible for being 
encoded, paradoxically, in public procedures, common habits, and social techniques: it 
is historically the nonconscious yet very empirical power of any ideology.

 2  Orthodox Marxists will pardon, for once, the ambivalent use of the notion of abstract 
labor in this passage. In Marx, abstract labor refers to human activity that is calculated 
and valorized by capital as the universal equivalent. Here it points also to the cognitive 
and informational component of labor in general. Alfred Sohn-Rethel (1978) would 
find that the two dimensions are genealogically related.

 3  The fossil fuel economy will be further “abstractified” by capital with the introduction 
of carbon credit trading. See Leonardi 2014.

 4  Norbert Wiener (1948: 11) coined the term cybernetics from the Greek kybernetes (gover-
nor/steersman), also drawing on Clerk Maxwell’s 1868 article “On Governors.”

 5  It is worth noting that Haeckel and Uexküll embraced reactionary political positions, as 
did a good part of the German Lebensphilosophie, not to mention Martin Heidegger. See 
Harrington 1999.

 6  On the Cybersyn project, see Medina 2011. It must be noted that Cybersyn was contem-
porary to the Advanced Research Projects Agency Network, or ARPANET (progenitor 
of the Internet), which was developed by the US Department of Defense. ARPANET 
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was conceptually far more advanced than Cybersyn for implementing a decentralized 
architecture based on packet-switching communication.

 7  In general, Deleuze and Guattari’s notion of machinic is indebted to the open 
framework inaugurated by cybernetics that aimed to dissolve the border between 
organic systems and technical systems (and between vitalism and mechanicism).

 8  On the hegemony of immaterial production, see Hardt and Negri 2004: 103–15.
 9  In fact, the metabolism of the global technosphere is incredibly complex: it comprises 

the cycles of chemical compounds such as agricultural nitrogen and rare earth, for 
instance, and not just fossil carbon. Peter Haff (2014) describes the technosphere as a 
humungous automaton and proposes six rules to frame the fatal destiny of the human 
outclassed by the metabolism of technology: inaccessibility, impotence, control, scale, 
performance, and provision (curiously grounding in this way the principles of anticy-
bernetics, as this looks like a theory of noncontrol).
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Introduction
The role of occupational identity in dealing with the challenges presented by major 
organizational change has been explored in this journal and elsewhere (MacKenzie et al., 
2006; Strangleman, 1999, 2012). Despite the distinctive technologies of production often 
associated with occupational communities, there has been surprisingly little attention 
paid to the role of technology in the formation of occupational identity and how changes 
in the nature of technology impact on identity. Moreover, there has been limited engage-
ment between the discussion of identity in the sociology of work literature and the 
sociology of technology debates. Based on working-life biographical interviews with 
older, often retired, telecommunications engineers, this article explores the role of tech-
nology in the development and maintenance of occupational identity and the centrality 
of technology to the occupational community that underpinned this identity.

Research participants reflected on careers spanning from the 1960s to the 1990s, spent 
with the UK’s national telecommunications provider, BT. This period witnessed major 
changes in the technology and organization of production and, latterly, sectoral restructur-
ing associated with liberalization and privatization, leading to organizational restructuring 
and major redundancy programmes (Ferner and Colling, 1991; MacKenzie, 2000, 2002). 
Throughout this turmoil, the occupational identity provided a point of reference in an  
ever-changing environment and, notably, in the construction of their own working-life nar-
ratives, participants attached great importance to technology. The article draws on identity 
debates within the sociology of work, including contributions on the role of nostalgia in 
identity maintenance. These perspectives are combined with insights gleaned from the 
sociology of technology literature, notably the concept of affordances and contributions in 
the labour process tradition. The labour process perspective sheds light on the erosion of 
discretion and autonomy associated with deskilling experienced by telecoms engineers. 
Focusing on technology as a means of asserting managerial control only captures part of 
the story, however, and overlooks the role of technology in the formation and maintenance 
of occupational identity amongst technically skilled workers. Drawn from another tradition 
within the sociology of technology debates, the concept of affordances – the opportunities 
presented to social agents by their interaction with technological artefacts – offers some 
purchase in explaining the contribution of technology to occupational identity.

The following review of the literature draws together contributions from the sociology 
of work debates on identity, and seeks to build links with the sociology of technology 
literature. The next section discusses the methodology, particularly the use of working-life 
biographical interviews. The findings of the research are then presented, followed by a 
concluding discussion.

Work, Identity and Technology
The importance attached to work in the formation of identity has been long debated 
within the sociology of work literature, although the contours of debate have shifted over 
time. In key contributions to the debate from the 1960s and 1970s, work played a central 
role in identity formation (Goldthorpe et al., 1968; Salaman, 1971). As the turn of the 
millennium approached, so came apocalyptic declarations of the ‘end of work’ (Beck, 
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2000; Sennett, 1998), which challenged the existence of stable employment as a key 
reference point within modern life and even questioned its previous prevalence as any-
thing more than rose-tinted, romanticized nostalgia. In recent years there has been a 
revival of interest in the role of work, or its absence, in identity (MacKenzie et al., 2006; 
Strangleman, 1999, 2007). The work of Strangleman (2007, 2012) and others on ‘nostalgia’ 
is of particular relevance here. Strangleman challenges dismissive portrayals of ‘golden 
ages’ of stable careers and occupational communities. Drawing on the work of Davis 
(1979), Strangleman (2012: 415) confronts the pejorative connotations of nostalgia, 
ranging from ‘sentimental attachment’ to the ‘falsification of history’, to argue that the 
critical assessment of ‘memory around occupational community’ can provide useful 
perspectives on industrial and social change. Rather than seeing nostalgia as a regressive 
desire for the restoration of the past due to the inability to adapt to change, or the 
melancholic longing for a past to which return is impossible (Ritivoi, 2002), nostalgia is 
regarded as a useful resource for maintaining identity in the context of change (Davis, 
1979; McDonald et al., 2006). Crucially, the collective memory of norms and values 
provides the basis for critical understanding of the changes experienced in contemporary 
(working) lives (Strangleman, 2012). Thus, nostalgia can provide a ‘more active interven-
tion’ (Strangleman, 2012: 423). The collective memory deposit in nostalgia can provide 
the basis for critiques of change (Brown and Humphreys, 2002) or alternative organiza-
tional narratives of change, legitimized by the occupational identity of the custodians of 
that memory (McDonald et al., 2006).

The insights into occupational identity offered by older railway workers in 
Strangleman’s (2012) contribution resonate with a body of research into the role of  
occupational communities in identity formation. The perception of distinct attributes and 
values shared by members of an occupational community provide the basis for occupa-
tional identity, which in turn is supported and reproduced by the occupational community 
(Bechky, 2006; Salaman, 1971; Strangleman, 2001). For members of an occupational 
community, emotional attachment to work may be heightened by employment that is 
physically demanding, dangerous or highly skilled – factors that provide the basis for 
in-group solidaristic relationships (MacKenzie et al., 2006; Salaman, 1971). Similarly, 
trade union membership (MacKenzie et al., 2006; Metzgar, 2000; Salaman, 1971; 
Strangleman, 2001) and the values associated with public sector employment (Martinez 
Lucio and MacKenzie, 1999) can contribute to the collective identities reflecting, and 
underpinning, occupational communities. Socialization into such communities may 
require reaching the accepted level of technical competence (Orr, 2006; Strangleman, 
2012) but is also a demonstration of adherence to unofficial, although no less codified, 
sets of rules and values. Occupational communities are embedded in work practices 
(Bechky, 2006), both formal and informal, which, for the informal particularly, new 
entrants rely on old hands to communicate and mentor (Orr, 2006).

Given the idiosyncratic technical skills and technological engagement required to  
be members of many traditional occupational communities, such as railway workers or 
steel workers (MacKenzie et al., 2006; Strangleman, 2012), it is surprising that there has 
been little discussion of the role of technology in debates around occupational identity. 
There has also been limited engagement between the sociology of work debates on 
identity and the sociology of technology literature. There are examples of the discussion 
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of technology within the identity debates in the sociology of work literature, which have 
identified a strong degree of attachment between individuals and the technology with 
which they interact (Marks and Lockyer, 2004; Marks and Scholarios, 2007). Where the 
sociology of work literature has coincided most strongly with the sociology of technol-
ogy debates has been in contributions stemming from the labour process tradition. 
Contributions in this tradition often focus on the role of technology as a means of assert-
ing management control over labour (Braverman, 1974; Edwards, 1979), with some 
attention to the role of technology in workers’ resistance of management fiat (Gordon 
et al., 1982). The technology of production became the means by which management 
enforced technical control (Edwards, 1979), determining line speeds and prescribing the 
conduct of work. Braverman’s (1974) seminal contribution set the parameters of a debate 
that associated technology with control through deskilling. Workers were robbed of  
discretion over performing tasks by the increased separation of conception and execution 
in routinized work, facilitated by the incorporation of the skill requirements into the 
technology of production: a process witnessed across the range of modern workplaces 
(Callaghan and Thompson, 2001; Taylor and Bain, 2005). Yet, although the introduction 
of new technology may often be associated with advances for the interests of capital, this 
is not necessarily an uncontested process (Gordon et al., 1982). In short, rather than 
deterministic, the role of technology is better understood in terms of the social relations 
of production and the broader social relations of the capitalist mode of production.

Labour process contributions have often been caricatured, particularly by social  
constructivists, as technologically determinist (Hutchby, 2001; Wajcman, 2006). Moving 
away from this central concern with the technology of production, social constructivists 
alternatively stress the way that the meaning of technology is determined by the user 
(Grint and Woolgar, 1997), which has led some to relate technology to identity. Grint and 
Woolgar (1997), for example, explore identity issues associated with differences in the 
social construction of the meaning of technology between its end users and those with 
the authority to ‘speak for’ that technology as representatives of its designers. The direction 
of causality flows from the pre-existing identity to the construction of the meaning of the 
technology. Such accounts, however, tend to be both individualized and detached from 
the social structures that shape the respective positions of these agents.

Rejecting the social constructivist notion that the meaning of technologies differ 
according to the interpretation of the user, the debate around ‘affordances’ (Bloomfield 
et al., 2010; Hutchby, 2001; Stoffregen, 2003; Volkoff and Strong, 2013) offers a 
potentially useful avenue for drawing together the sociology of technology literature 
with identity debates within the sociology of work. The affordances perspective views 
technological artefacts not in terms of inherent properties, or in terms of their socially 
constructed nature, but rather in terms of the opportunities they afford social agents who 
interact with them (Hutchby, 2001). Hutchby (2001) uses the concept of affordances to 
demonstrate that technology both enables but crucially also constrains the ways in which 
it can be used by different agents; the objective features of technologies constrain the 
meaning and possible uses of technological artefacts.

The concept of affordances developed from Gibson’s (1979) work on the psychology 
of perception. For Gibson, all living creatures interact with natural objects according to 
their affordances, or the possibility for action they offered. The affordance offered by a 
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given object varies for those creatures using it; to adapt the analogies employed, a small 
pool of water may afford a drink for a horse or a bath for a sparrow. However, this  
variation is not limitless, nor is it contingent on the needs of the user, but rather is con-
strained by the objective properties of that pool of water. The vital quality of affordances 
is the opportunity for action (Hutchby, 2001). The classic example used to explain the 
affordances offered by an artefact is the fallen log that presents the affordance to sit, to 
those who can realize this opportunity. This affordance would be open to most people, 
although not an infant (Volkoff and Strong, 2013), but crucially may or may not be real-
ized. Therefore, in addition to the capability to actualize the affordance offered by an 
artefact, there has to be an agent who has the intention or goal of doing so (Stoffregen, 
2003). We would extend that list to include capacity due to knowledge or skill. To add 
our own, less homely, example: to the average computer user, a laptop might present the 
affordances of word-processing a document, sending an email or browsing the Internet; 
to a skilled computing professional the affordances presented by a laptop could also include 
programming, coding and analysis. This article employs the concept of affordances but 
seeks to extend its application to explore the relationship between technology and identity. 
Rather than the unidirectional influence of identity over technology implied in the social 
constructivist perspective, it is suggested that affordances allow insight into the dialectical 
relationship between technology and identity.

Methodology and Background
The article examines 26 working-life biographical interviews with older, mainly retired, 
ex-BT telecommunications engineers. The research design was influenced by the bio-
graphical methods employed in life story and life course approaches across sociology 
and adjacent disciplines (Bertaux and Kohli, 1984; Bertaux and Thompson, 2006) but 
which are relatively under-utilized in the sociology of work (Mrozowicki et al., 2010). 
Biographies allow the exploration of life contexts, social roles and social relationships, 
and so are useful tools for accessing personal reflexivity (Caetano, 2015). In turn, access-
ing the reflexivity of older workers allows insight into the nuances of complex social 
processes (Strangleman, 2012). We draw on Bertaux and Kohli’s maxim that: ‘The life 
story approach should be based on narratives of one’s life, or parts there of’ (1984: 217). 
The working-life biographies focused on the period of participants’ lives spent in employ-
ment, including the periods leading to and following their careers as telecommunications 
engineers.

Bertaux and Kohli (1984: 215) express the aims of biographical narratives as being to 
garner accurate descriptions of participants’ life trajectories, for insight into patterns of 
social relations and social processes that shaped them. Use of the word ‘accurate’ raises 
obvious issues over recounting events that occurred decades earlier. In addition to partial 
or selective recall, recollection may be shaped by the collective memory of groups of peers, 
or influenced by organizational memory bent on the development of legends or received 
versions of history (Martin et al., 1985; Rowlinson et al., 2010). This is not to deny the 
importance of accuracy but, following Bertaux and Thompson’s (2006: 13) defence of 
life story methods, in asking participants to describe and explain as factually as possible, 
the aim is to gather both factual and interpretive information. The working-life biography 
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approach was not intended as an objective account of indisputable facts but rather an 
interpretation and reflection by participants on how events shaped changes in attitude over 
time. Interviews explored the long-term pathway of specific aspects of the life course, and 
transitions between different phases. This retrospective approach was essential for provid-
ing a long-run perspective on occupational identity. The approach encouraged reflexive 
thought and abstraction from the discussion of daily routines or events – the recall of 
which illustrated broader changes in the lived experience of the workplace.

Individual interviews were supplemented by two multiple-participant interviews: first 
with two, then with three participants. These interviews proved extremely useful in terms 
of the insight generated through the interaction between participants. Multiple-participant 
interviews allow insight into how group values are deployed and the ways individuals 
jointly construct meaning, thus representing an ideal tool for researching the construc-
tion and maintenance of collective identities (Chatrakul Na Ayudhya et al., 2014; Green, 
2004; Munday, 2006). Used in combination, these methods proved useful and effective 
in accessing individual reflexivity and locating this in the collective context.

Interviews varied in length from around an hour up to four hours, with the majority 
being 90 minutes to two hours. Interviews were fully transcribed and NVivo software 
was used in coding the data. Coding was undertaken by two members of the research 
team in order to provide contrast and triangulate perspectives on the developing of codes. 
Interview participants were all male, which reflected the historic occupational gender 
division within the organization, and ages ranged from late-50s to early-to-mid-70s. The 
majority had started their careers as apprentices in the 1960s; most had then left BT  
as a result of mass redundancy schemes introduced in the early 1990s. The interviews 
allowed the participants to structure the narratives of their working lives in whatever way 
they chose. Although a chronological structure was perhaps encouraged by the initial 
‘grand tour’ question inviting participants to recount their working lives, starting with 
entry to the organization, the subsequent narrative was structured by the recollection  
of the individual interviewee. These spontaneous narratives were supplemented with 
specific questions, for clarity (Mrozowicki et al., 2010). Interestingly, there were no pre-
planned questions relating to technology. Technology was an emergent theme introduced 
by the participants.

Technology and the Occupational Identity
All participants, to a greater or lesser extent, used technology to periodize the narratives 
of their working lives. The majority used relatively broad periods relating to the electro-
mechanical exchange systems that came into service in the 1960s, to the replacement of 
electromechanical by digital technology in the 1980s. The broad periodization by tech-
nology provided the route into the discussion of working practices, workplace relations, 
attitudes towards their jobs and their employer, and, ultimately, in terms of their occu-
pational identity, what it meant to be a telecommunications engineer. That technology 
loomed so large in the construction of the individual working-life narratives of these 
engineers demonstrated the importance of their relationship with technology in the 
formation of their occupational identity. Notable within the periodization of electro-
mechanical and digital technologies was the tendency to represent the passing of a golden 
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age. This was both implicit in the recollections of careers that for most represented a 
source of pride, and explicit in the shared reflexive discussions regarding careers at BT. 
As Alan recalled:

When I started with BT it was a big family – it really was a big family. And I don’t know what 
it is but I found that most engineers get along with each other. You must be of a like-minded 
person, if you know what I mean. With BT, as long as you did your job, as long as you didn’t 
do anything criminal or anything, you had a job for life. That’s what you knew and I’ve got to 
say, I’ve talked to my colleagues about this and we feel that period from the late 50s, maybe 
early 60s, through to the beginning of the 90s was the best time to work for BT.

There were other material realties attached to this periodization. Changes in technology 
broadly coincided with the restructuring associated with privatization, the combined 
effects of which produced a major downsizing programme. The intensification of work 
and the erosion of the public service ethos were also reflected in the passing of the golden 
age, but it was the changes in job content associated with the move away from technology 
that provided a multilevelled sense of satisfaction that underscored all the other changes 
experienced.

The representation of the golden age was not simply a sentimental attachment to the 
past, but rather was based in the material realities of work as an engineer, and the aspects 
of that work that contributed to their occupational identity. There was a tension here 
between elements of the engineers’ identity: one relating to the celebration of technological 
advances, and the more prevalent aspect relating to the physical interaction with technol-
ogy. The concept of affordances is useful for understanding this tension. Electromechanical 
technology afforded engineers the opportunity for action (Hutchby, 2001), the ability to 
affect change through the skilled application of tools, reflecting both dexterity and 
knowledge accrued through training and experience: affordances subsequent technology 
would deny. The crucial issue was the nature of the interaction with the technology. 
Building on the notion that the same artefact presents different affordances to different 
users (the thirsty horse or maculated sparrow) (Gibson, 1979; Hutchby, 2001), analysis 
can be extended to differences in agential capacity associated with skill, expertise or 
experience. Agents are not only constrained by the inherent properties of an artefact, but 
also by their own capacity to realize its affordances. Specialist knowledge and dexterity 
built up through practice meant that the affordances presented by the electromechanical 
plant to a skilled telecoms engineer were clearly far greater than those available to some-
one lacking this expertise. To the non-engineer, without such possibilities for action, the 
affordances offered by the technology were constrained: the possible courses of action 
– and their consequences – were circumscribed by a lack of expertise. It is not a matter 
of an unskilled individual failing to realize the opportunity for action, as the opportunity 
for action does not exist; the opportunity for action is not afforded any more than the pool 
of water affords the opportunity to bathe to the horse that may be afforded the opportunity 
to drink. Thus, affordances can be applied to the contradistinction between the engineers 
and non-engineering grades within BT.

Their relationship with technology was the basis of the engineers’ distinction from 
other workgroups within the organization, providing a sense of superiority over clerical 
and operator services staff. As masters and custodians of the technology on which the 
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organization was built, there was a sense of proprietorship over the broader organizational 
identity. There was some recognition of the public-facing role of operator services staff, 
which lent a popular perception of operators being synonymous with telecommunications 
work; but little mention was made of BT’s large clerical workforce. There was an interesting 
duality in the way in which their relationship to technology mediated the contradistinction 
between the engineers’ perception of themselves and other workers in the organization. 
This distinction often involved projecting a negative perception of engineers onto the 
other occupational groups. The importance of the hands-on relationship with the technology 
of production was repeatedly expressed in terms of ‘getting your hands dirty’, a phrase 
with multifaceted connotations. The phrase depicted the barbarous ‘other’ – the industrial 
worker with dirty hands that posed a threat to the sanitized office environments non-
engineering workers occupied. As Eddie reflected:

I mean, when I started on BT the clerks got paid more than we did. By the time I left, of course, 
we got a lot more than they did. White collar post at the time was looked up to, y’know. Get 
your hands dirty and you were just a scrubber really (laughs).

The symbolic nature of the phrase resonated regardless of the considerable variation in 
the nature of tasks performed by different engineers and just how dirty their hands actually 
became. By turn, the distinction of getting your hands dirty reinforced the superiority of 
engineers as the only ones doing a ‘proper job’, a job on which all other groups were 
dependent; performing the work without which the other grades would not exist. As 
Peter explained:

[T]he clerical people and the traffic people, they were the operators, they were very separate 
from us and, err, they didn’t like us and we didn’t like them (laughs). Well, I mean the clerical 
people … We always thought that they got their money for nothing, whilst we had to work like 
the devil for ours (laughs). And the traffic people, erm, well, I suppose they were doing a job 
really …

The historic experience of the workplace tended to be represented in interviews as a 
technocracy. Apprentices spent their first three years working on a wide range of technical 
tasks relating to different aspects of the telecommunications network. Technical instruction 
went hand-in-hand with the initial socialization into the value system and informal rules 
that made up the occupational identity. On a number of occasions participants made 
reference to the men who had socialized them into the occupation. Much was made of 
the wartime military service background of this previous generation, to which both 
camaraderie and, crucially, a derisorily attitude towards management were attributed. 
These values underpinned the alternate code of the rank and file, in which engineers 
were imbued through their apprenticeships.

Subsequent career progression was a predictable, technocratic process. Recalled 
using militaristic terms that reflected the civil service heritage of the organization, the 
senior rank on the engineering career ladder, Technical Officer, was seen as the pinnacle 
of this technocratic process. Crucially, technocracy could also provide a pathway into  
the management grades. Historically, the first tiers of management, those in direct 
contact with engineers, would have followed this path.
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Although there was a clearly expressed ‘them and us’ contradistinction from manage-
ment, this was over-layered with the technical competences aspect of the engineer identity; 
‘they’ were not engineers they were management, but managers with an engineering back-
ground were rendered more respect than those without. Over time, however, promotion 
through the ranks became displaced by graduate recruitment schemes. When managers 
were no longer ex-engineers they were no longer equipped to deal with the daily challenges 
to their authority that reflected the ‘them and us’ divide between management and non-
management. Technical knowledge provided both a point of reference for the engineer 
contradistinction and the opportunity to challenge management authority. As Jack recalled:

Before, the managers would have worked their way up, they were always from within. But then 
you had a senior manager’s post and you had young chaps coming in from university. Nice 
chaps but they knew nothing about the basic end of the industry because before, in the past, you 
would have the area engineer who would turn around and say, ‘You know I could have done 
that job myself’, and they [new managers] don’t know what you were talking about, so you 
could get passed them, they didn’t know what you were on about.

Technology and Autonomy
Invoking experience in the resistance of management fiat reflected a more defensive 
aspect of the empowerment historically associated with specialist technical knowledge. 
The organization of work had traditionally bestowed, and relied upon, a considerable 
degree of autonomy, which contributed to the occupational identity – to the sense of what 
it meant to be an engineer. For field engineers, work usually required the movement 
between a series of locations to perform a list of tasks allocated at base each morning. 
Planning the order of jobs was the engineer’s responsibility and, importantly, work was 
performed without direct supervision or monitoring by management. Other engineers 
maintained switching equipment within exchange buildings, being either itinerant between 
several small exchanges or statically located within major exchanges in large urban areas. 
Exchange-based work brought a heightened sense of autonomy: the interviews celebrated 
a virtual absence of management involvement, monitoring or measurement. Participants 
reported the sense of being assigned responsibility for maintaining the exchanges, without 
direct supervision or a prescribed set of tasks to perform. As Alan explained:

It was almost like, if you did your job, all that BT seemed interested in at that time was that the 
system worked, it all worked well, you didn’t get a lot of faults. And as long as you kept the 
thing working nobody was really on your back, if you know what I mean. They were quite 
happy. And we did have some quite good times … I mean the only time that you’d maybe get 
into trouble was if there was a fault and it wasn’t cleared. But the staff worked with that system, 
so if there was a fault that developed everybody would drop everything and muck-in and get it 
cleared – even if you didn’t go home till 8 o’clock at night, if you know what I mean. So it 
worked both ways: we were keen to keep the system working and BT were keen that we could 
keep it working, if you see what I mean …. I mean there were rules – don’t get me wrong – and 
you did have a boss that came round, but nobody was over your shoulder all the time.

Engineers working at various stages of the network were tasked with finding individual 
faults and, crucially, enjoyed the autonomy of dealing with them in the way they saw fit. 
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This discretionary application of skill reflected another key feature of the engineering 
occupational identity, the notion of ‘fixing’ things, which in turn reflected the celebration 
of the engineer’s role as being inherently ‘hands-on’. Direct physical contact with the 
technology and affecting changes in its state through the skilled application of tools was 
presented as being central to what it meant to be an engineer for many participants. 
Crucially, it is here that the concept of affordances interacts with the occupational identity: 
what it was to be an engineer was intrinsically linked to the opportunities for action 
(Hutchby, 2001) afforded by the electromechanical technology. The electromechanical 
technology afforded the opportunity for physical interaction, for being ‘hands-on’ – ‘for 
getting your hands dirty’. This was not just a matter of exercising skills and thereby 
demonstrating the basis of their sense of distinctiveness but, fundamentally, about 
engagement in behaviours that were central to the makeup of the engineering occupa-
tional identity.

Discretionary decision-making over the appropriate way to tackle a fault was a valued 
part of engineers’ jobs and underpinned their relationship with the technology they 
worked on. Contriving solutions to problems based on the discretionary application of 
acquired knowledge and experience reinforced the sense of control over their work, and 
a sense of stewardship over the technology. Recollection of this work, and of the technol-
ogy that was central to it, was often expressed in very affectionate terms, particularly by 
exchange engineers. There was a notable process of anthropomorphism in the way the 
exchange equipment was described. The electromechanical technology of the switching 
equipment, which was huge in size and made up of thousands of intricately intercon-
nected moving pieces, was bestowed with the characteristics of living beings; these were 
machines with a life-force running through them, in terms of electronic signals, which 
needed to be cared for and sustained. The maintenance the engineers provided was artic-
ulated in terms of the health and wellbeing of the machinery, rather than its effective 
functioning. As Paul enthused:

I mean, it was interesting. Well you’ve been in a telephone exchange haven’t you? And the roar 
of it, right? And it talks to you does that noise – and it really does. And if there’s something 
wrong, a click, a squeak or a rattle as you’re walking through, and you think, ‘Ahh!’. And you 
go into the racks until you find it again and you find the fault and take it out. Something like 
that, so erm …, it was for the sake of … maintaining a living thing really. It told you when 
something was wrong and it told you when everything was alright. It didn’t grumble, it didn’t 
squeak, it didn’t moan, it didn’t groan.

The process of finding faults was, therefore, a valued part of the traditional make up of the 
engineer’s role. Variously represented as ‘detective work’ or ‘hunt and find’, the traditional 
problem-solving approach to fault detection relied upon the skill of individual engineers. 
The challenges and constant variety associated with fault detection was celebrated as one 
of the most enjoyable aspects of the job, and seen as one of the defining characteristics of 
the engineer’s role. As Albert explained, the detective work was pivotal:

Well, it was pitting your wits against … You had to do a fault report. Now it could be in your 
exchange; it could be in any one of thousands of selectors, y’know. Or it could be in another 
exchange.
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The Changing Relationship with Technology
As digitalization of the network grew through the 1980s, electromechanical exchange 
equipment was replaced by digital switching. Mechanical moving parts gave way to 
circuit boards, and the large-scale, noisy equipment was replaced by much smaller digital 
switching units, which with no moving parts ran near silently. The language used to 
describe the new technology was notably less affectionate than that used in recollections 
of the electromechanical equipment: ‘clickity-bang’ machinery was replaced by ‘black-
boxes’. Individual mechanical components were no longer ‘fixed’; rather, faults were 
rectified through the replacement of sealed units, or ‘cards’, a process requiring far less 
physical intervention and less application of discretion or skill. As Eddie lamented:

Well, they took responsibility off you. The technology changed, so your technical ability … 
requirements wasn’t the same. In the old days, the telephone exchange, you were as an engineer 
responsible for it totally, every component. I went through the electronic exchange period. I 
was one of the first to be trained up on that … All that was great stuff. And then when digital 
came in you got into a black-box area. Within a black-box it’s like a computer; you don’t have 
anything to do with it really. If it goes faulty you just swap it, so you got into that sort of area 
… where your technical ability wasn’t stretched …

In labour process terms, digitalization represents a classic process of deskilling through 
the embedding of skills within the technology of production. The changes in job content 
that accompanied digitalization also undermined key aspects of the engineering occupa-
tional identity associated with the affordances lent by the electromechanical technology. 
The ability to physically manipulate machinery through the knowledgeable application 
of tools was being increasingly rendered obsolete. Yet in turn, the new technology 
accommodated other elements of what it meant to be an engineer.

Negative accounts of digitalization were not a result of resistance to change: the 
embracing of change was inherent to the engineering role and celebrated as part of the 
challenge of the job. Participants made repeated reference to the pride felt at working  
at the ‘cutting edge’ of telecommunications technology; by experience, new technology 
brought opportunities for training and skill acquisition. For some, their initial reaction 
had been that digital technology essentially required the same attitude to engineering as 
electromechanical plant. The essence lay in the ‘hands-on’ approach to ‘fixing’ faults, 
even if this no longer afforded the opportunity to exercise skill through applying tools to 
mechanical apparatus. As Mick explained:

In the heyday it was great – it was nice to think that you were on the cutting edge of it … We 
did all that training, bearing in mind that we did the factory training so we were hands-on, we 
were fixing kit hands-on. We were doing software stuff hands-on and we were actually fixing 
the processes. That’s my job as an engineer. If there was a problem, we used to go and do 
diagnostics; we’d fix it, change cards and fix it.

Such accounts focused less on the passing of the physicality of maintaining electro-
mechanical equipment and more on the continuation of the ‘problem-solving’ nature of 
the engineer’s role. Even if faults were not repaired through the physical engagement of 
tools, thereby diminishing the ‘fixing’ element of the process, the ‘hunt and find’ aspect 
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of the work remained. Engineers were still required to pit their knowledge and experi-
ence against the challenge of diagnosing and locating a fault. However, this aspect of the 
role was also subsequently undermined. Digital technology facilitated the reorganization 
of work to relocate the detection of faults from the onsite engineers to remote specialist 
support teams – a classic separation of conception from execution of tasks (Braverman, 
1974). For engineers who had adapted to the diminished physical interaction with tech-
nology, the loss of the ‘hunt and find’ aspect of their role undermined another element of 
the occupational identity. As Don recalled:

Maybe two years after we did the training, [when] they put the new cabinets in, installed all the 
cards, looked at it remotely and we weren’t even allowed to open the door on the cabinet without 
permission. So they did all the diagnostics … I was sat on a desk literally this far from where the 
kit was and all the flashing lights stuff, then you would get a phone call and [it] says ‘Right you 
can now go into Shelf 2, Rack 4, open the door and change that card because we have diagnosed 
a problem on it and the spare card is in that cupboard’. I said to my boss, ‘This is not what I want 
to do. I am not a remote-controlled card changer; you could train a monkey to do this’.

Again, the concept of affordances is useful in understanding attitudes towards these 
changes in technology. Different technologies possess different affordances which con-
strain the way that users interact with them. The intended purpose of the technologies may 
be the same – the switching and transmission of voice (and latterly data) abstracted into 
electronic or digital signals – but the way in which the engineers oriented (Gibson, 1979) 
to these technologies varied greatly. The shift from the electromechanical to the digital 
technology represented a loss of affordances; digitalization deprived engineers of the 
opportunity to physically engage and manipulate technical artefacts, to change their state 
through the appliance of knowledge and dexterity. The very affordances presented by 
the electromechanical technology, so central to the engineers’ occupational identity, were 
now closed off by the inherent properties of the new technology. Although for a time digital 
technology afforded some opportunity for action (Hutchby, 2001), in terms of ‘hunt and 
find’ activities, this was later denied through the reorganization of work.

The changing nature of the relationship to technology was brought into sharp relief  
in the early 1990s by the introduction of the ‘Work Manager’ – or ‘Work Mangler’ as it 
became known to the engineers. Via Work Managers, engineers could receive their daily 
allocation of jobs via remote transmission, removing the need for the traditional morning 
visit to their base of operations, thereby reducing the opportunities to interact with col-
leagues and making work more individualized. The system also made individuals more 
accountable for the completion of specific tasks and, crucially, removed the autonomy to 
plan the order in which jobs were performed. The relationship with this technology was 
wholly different from the affection expressed for other technological artefacts. The Work 
Manager was not a technology of production or the object of the labour process, which 
could be manipulated through the skilled application of tools, or required the stewardship 
of engineers. There were no issues of affordances, no opportunity for action in the 
coming together of skilled agent and technological artefact. Rather than technology that 
provided a source of pride or job satisfaction, Work Managers were mechanisms for 
monitoring and accountability that subjugated those who used them. This distinction is 
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not to suggest a broader division between the technology of production and technologies 
for monitoring; the embedding of monitoring and control over the labour process within 
the technology of production is a well-established phenomenon (Edwards, 1979).  
The distinction from the technology of production is in order to highlight the engineers’ 
changing relationship with technology and its implications for their occupational iden-
tity. The Work Manager was a technological artefact that was alien and threatening to the 
traditions of the engineering occupational identity, rather than contributing to this identity 
through the opportunities for action it afforded.

Conclusion
It would be folly to be dismissive of the accounts of these older telecommunications 
engineers as nostalgia, reflecting an inability to change (Ritivoi, 2002). Change was 
inherent to the occupational identity of these workers; historically, change was embraced 
as part of the job and was seen as inevitable, even desirable. The occupational identity 
that celebrated autonomous, technically skilled work was mobilized to deal with change 
by taking pride in working at the cutting edge of technology. It was when the relationship 
with technology began to have negative connotations – when the practices at the heart of 
the occupational identity could no longer be exercised – that change was seen as prob-
lematic. McDonald et al.’s (2006) study of medical professionals suggests invoking the 
past can be used as a means of critiquing organizational change that diverted from the 
real business of being a doctor. This account chimes with nostalgia for the old way of 
working in BT – when engineers were responsible for keeping things running, fixing 
things, for the autonomous stewardship of the network rather than following manage-
ment instruction. The new way of working reflected a shift in culture associated with 
privatization, away from providing a service towards a more profit-oriented logic, that 
threatened the traditional ethos of a technocracy in which engineers held a unique status. 
So nostalgia for the period of their careers based on the electromechanical system, in 
preference for the digital technology that superseded it, was not merely disdain for 
change per se but change that had materially negative consequences. These working-life 
biographies were not mythologized accounts of the past but rather reflections on the 
material realities of the lived experience of work at different stages of their careers. 
The engineers’ accounts were not simply nostalgia for a romanticized golden age but 
rather the ascribing of a golden age to a period in which the key components of the 
occupational identity were at their zenith.

How do these recounted changes in the engineers’ relationship with technology shed 
light on their occupational identity? Returning to labour process contributions to the 
sociology of technology, digitalization provides clear examples of the appropriation of 
skill through the technology of production – although it could also be routinely argued 
there were examples of reskilling associated with the new technology. Furthermore, the 
‘work mangler’ system was central to a reorganization of production that stripped away 
autonomy and discretion in decision-making. However, this provides only a partial view 
of the engineers’ relationship with technology, one that reflects important concerns of the 
labour process perspective but sheds little light on the role of technology in the formation 
of the occupational identity of these workers.
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Can the concept of affordances shed further light on the issue of occupational  
identity? Whether individuals experienced the deskilling or reskilling of their jobs, the 
differences in the engineers’ relationship to electromechanical and digital technology 
reflected a change in affordances. The physical nature of the machinery and the acces-
sibility of moving parts that afforded the opportunity for the skilled application of  
tools and ‘getting your hands dirty’ – part and parcel of the engineering occupational 
identity – were lost with the black-boxes of digitalization.

This does not suggest a technological determinist relationship between technology 
and identity: the relationship between technology and identity is mediated through the 
skills and experience of the agents, in this case telecommunications engineers, utilizing 
the technology. The occupational identity observed in this study was created by the inter-
action of agency and structure, a process in which affordances were both the product  
and the mechanism of reproduction. The electromechanical technology of the telecoms  
network provided the material substrata (Hutchby, 2001) that afforded the engineers the 
opportunity for ‘hands-on’ application of their skills, for the ‘detective work’ of fault-
finding and for ‘fixing’ problems – crucial aspects of their labour process that under-
pinned their occupational identity. This was not a deterministic or unidirectional 
relationship; in turn, the occupational community had been central to the reproduction of 
the skills needed to maintain the technology. This should be seen as a process rather than 
an end state (Bloomfield et al., 2010). The affordances presented by the technological 
artefacts may have been based on embedded properties, but these in turn were a reflec-
tion of previous encounters between technology and skilled agents, dating back to the 
artefact’s creation and design. Therefore, it is no accident that the affordances were 
embedded in technological artefacts as this reflected previous social processes. However, 
this does not equate to a socially constructed definition of technology but rather reflects 
the way in which agency and structure interact in the creation of technology, and the 
affordances it represents. The existence of affordances was contingent on the skills of the 
engineer, but also on the skills of previous generations of technical agents who devel-
oped and maintained the technology. The existence of these skills-sets reflects the social 
structures that created them, including, inter alia: the existence of advanced training 
programmes and organizational apprenticeship schemes; the existence of the telecom-
munications network; and, ultimately, governments willing to invest in the development 
of national economic infrastructure at particular moments in history.

Developed in the way suggested by this article, to include variations in capacity for 
action associated with skill and expertise, affordances provide a useful lens for under-
standing the relationship between technology and identity. For future scholars of work 
and technology, affordances offer a means to look beyond the focus on control that domi-
nates the labour process perspective, and encourages sociology of work research towards 
more nuanced insight into issues of technology and identity. Furthermore, affordances 
also offer a useful tool for reconciling the relationship between agency and structure, and 
so countering social constructivist assertions of technological determinism.
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