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The Social Construction of Facts and
Artifacts: Or How the Sociology of
Science and the Sociology of
Technology Might Benefit Each
Other

Trevor 7. Pinch and Wiebe E. Buyker

One of the most striking features of the growth of ‘science studies” in
recent years has been the separation of science from technology.
Sociological studies of new knowledge in science abound, as do studies
of technological innovation, but thus far there has been little attempt
to bring such bodies of work together.! It may well be the case that
science and technology are essentially different and that different
approaches to their study are warranted. However, until the attempt
to treat them within the same analytical endeavor has been under-
taken, we cannot be sure of this.

It is the contention of this chapter that the study of science and the
study of technology should, and indeed can, benehit from each other.
In particular we argue that the social constructivist view that Is
prevalent within the sociology of science and also emerging within the
sociology of technology provides a uscful starting point. We set out
the constitutive questions that such a unified social constructivist
approach must address analytically and empirically.

This chapter falls into three main sections. In the first part we
outline various strands of argumentation and review bodies of litera-
ture that we consider to be relevant to our goals. We then discuss the
two specific approaches from which our integrated viewpoint has
developed: the “Empirical Programme of Relativism™ ( Collins 1981d)
and a social constructivist approach to the study of technology (Bijker
et al. 1984). In the third part we bring these two approaches together
and give somc empirical examples. We conclude by summarizing our
provisional findings and by indicating the directions i which we
believe the program can most uselully be pursued.

Some Relevant Literature

In this section we draw attention to three bodies of literature in
science and technology studies. The three areas discussed are the
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sociology of science, the science-technology relationship, and tech-
nology studies. We take each in turm.

Sociology of Science
It is not our intention to review in any depth developments in this

field as a whole.2 We are concerned here with only the recent emer-
gence of the sociology of scientific knowledge.® Studies in this area take
the actual content of scientific ideas, theories, and experiments as the
subject of analysis. This contrasts with earlier work in the sociology of
science, which was concerned with science as an institution and the
study of scientists’ norms, carcer patterns, and reward structures.®
One major—if not the major—development in the field in the last
decade has been the extension of the sociology of knowicdge into the
arena of the “hard sciences.” The need for such a “strong program-
me” has been outlined by Bloor: Its central tenets are that, in inves-
tigating the causes of belicfs, sociologists should be impartial to the
truth or falsity of the beliefs, and that such beliefs should be explamed
symmetrically (Bloor 1973). In other words, differing explanations
should not be sought for what is taken to be a scientific “‘truth” {for
example, the existence of x-rays) and a scientific “falsehood” (for
example, the existence of n-rays). Within such a program all knowl-

edge and all knowledge claims are to be treated as being socially Vn

constructed; that is, explanations for the genesls, acceptance, and
rejection of knowledge claims are sought in the domain of the social
world rather than in the natural world.®

This approach has gencrated a vigorous program of empirical
research, and it is now possible to understand the processes of the
construction of scientific knowledge in a variety of locations and
contexts. For instance, one group of researchers has concentrated
their attention on the study of the laboratory bench.® Another has
chosen the scientific controversy as the location for their research and
have thereby focused on the social construction of scientific knowi-
edge among a wider community of scientists.” As well as in hard
sciences, such as physics and biology, the approach has been shown to
be fruitful in the study of fringe science® and in the study of public-
science debates, such as lead pollution.”

Although there arc the usual diflerences ol opinion among re-
scarchers as Lo the best place to locate such research {for instance, the
laboratory, the controversy, or the scientific paper) and although
there sue differences as to the most appropriate methodological

© htrategy to pursue,!® there is widespread agreement that scientific
knowledge can be, and indeed has been, shown o be thoroughly
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socially constituted. These approaches, wiich we refer to as “social
constructivist,” mark an important new development i the socioclogy
of science. The treatment of scientific knowledge as a social nanmﬁ.cﬂ,
tion implies that there is nothing espistemologically special about the
:m?:ﬁ of scientific knowledge: It is merely one :.H a whole series of
wgoé._mmmm cultures (ineluding, for Emﬁwsn.mu the knowledge systems
pertaining to “primitive” tribes) {Barnes 1974; Collins and Pinch
Emmv. Of course, the successes and failures of certan knowledge
cultures still need to be explained, but this is to be seen as a sociclog-
1cal task, not an episternological one. )
The sociology of scientific knowledge promuses much for other
areas of n‘.mn.wmmnm studies.” For example, it has been argued that the
new work has relevance for the history ol science (Shapin 1982)
philosophy of science (Nickles 1982), and science policy @mn&ﬁﬁw
Ewmm”ﬂo:wmm 1983bj. The social constructivist view not only seems to
be gaining ground as an important body of work In 11s own right but
also shows every potential of wider application. It1s thus body of work
E.mﬁ forms one of the pillars of our own approach to the study of
science and technology. ‘

Science-Technology Relationship

.HF.W :HSER on the relationship between science and technolog
unlike that already referred to, is rather heterogencous and w:n_gaw
nonﬁmvcmomm from a vanety of disciplinary perspectives. We do not
claim to present anything other than a partial review, reflecting our
own particular interests. .

One theme that has been pursued by philosophers is the attempt to
mmmmamﬁn\ﬁnnvuo#om% from science on analyticai grounds. In doing so
EEomom:n; tend to posit overidealized distinctions, such as Emm
sclence is about the discovery of truth whereas anso._oww 1s about the
application of truth. Indeed, the literature on the philosophy of
technology 15 rather disappomting (Johnston 1984). We E.mmm.m, to
wcmﬁw:a Judgment on 1t until philosophers propose more realistic
models of both science and technology.

ww:owvnw line of investigation into the nature of the science-tech-
.z,oaw s relationship has been carried out by innovaton researchers
mr.n% MEE.‘, attempted to investigate empirically the degree to E_:.n.:.
:ww::omom:umm mnovation ncorporates, or oviginates from, basic
science. A corollary of this approach has been the work o,ﬁ sorme
.%.r:r:.v. who lave looked for refauonships in the other a_:.nc:::” mrﬁw
is, they have argued that pure science 15 indebted to ancm._o?ﬂ?":ﬁ in
technology 1t The results of the empirical investigations of the m.nmu,n:-
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science and technology to be on a par with each other. Both sets of pract-
tioners creatvely extend and develop their existing culture; but both also
take up and exploil some part of the culture of the other. . .. They are i fact
enmeshed in a symbiotic refationship. (Barnes 19824, p. 166)

Although Barnes may be overly optimisuc in claiming that a
“major reorientation” has occurred, it can be seen that a social
constructivist view of science and technology fits well with his concep-
tion of the science-technology relationship. Scientists and technolo-
gists can be regarded as constructing their respective bodies of knowl-
edge and technques with cach drawing on the resources of the other
when and where such resources can profitably be exploited. In other
words, both science and technology are socially constructed cultures
and bring to bear whatever cultural resources are appropriate for the
purposes at hand. In his view the boundary between scicnce and
technology is, 1n particular instances, a matter for social negotiation
and represents no underlying distinction. It then makes littie sense to
treat the science-technology relationship in a general unidirectional
way. Although we do not pursue this issue further i this chapter, the
social construction of the science-technology relationshup is clearly a
matter deserving [urther empirical investigation.

Technology Studies

Our discussion of technology studies work 1s even more schematic.
‘There is a large amount of writing that falls under the rubric of
“technology studies.” It is convenient to divide the literature into
three parts: innovation studies, lustory of technology, and sociology of
technology. We discuss each in turn. w
Most innovation studies have been carried out by economists
looking for the conditions for success in innovation. Factors re-
searched include various aspects of the innovaung firm (for example,
size of R&D eflort, management strength, and marketing capability)
along with macroeconomic factors pertaining to the cconomy as a
whole.*® This literature is in some ways reminiscent of the early days
in the sociology of screnee, when scientific knowledge was treated like ¥
a “black box” (Whitley 1972) and, for the purpose of such studies,
scientists might as well have produced meat pies. Similarly, in the
economic analysis of technological innovation everything is included
that might be expected to influence innovation, except any discussion
of the technology itself. As Layton notes:

What 1s needed 15 an understanding of techinology from inside, both as a
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reated as a “black box” whose contents and hehaviour may be assumed to
be common knowledge. (Layton 1977, p. 198)

Only recently have economists started to look into this black box.

The failure to take into account the content of technological innova-
tions results in the widespread use of simple linear models to describe
the process of innovation. ‘The number of developmental steps as-
sumed in these models seems to be rather arbitrary (for an example of
a six-stage process see figure 1).15 Although such studies have un-
doubtedly contributed much to our understanding of the conditions
for economic success in technological innovation, because they ignore
the technological content they cannot be used as the basis for asocial
constructivist view of technology.'® e

This criticism cannot be leveled at ww.wmgwm_ﬁﬂm o?mnrwuo‘wmwﬂ where
there are many finely crafted studies of the development of particular
technologies. However, for the purposes of a sociology of technology,
this work presents two kinds of problem. The first is that descriptive
historiography is endemic in this field. Few scholars (but there are
some notable exceptions) seem concerned with generalizing beyond
historical instances, and it is difficult to discern any overall patterns
on which to build a theory of technology (Staudenmaier 1983, 1985).
This is not to say that such studies might not be useful building blocks
for a social constructivist view of technology—merely that these
historians have not yet demonstrated that they are doing sociology of
knowledge in a diflerent guise.”

The second problem concerns the asymmetric focus of the analy-
sis, For example, it has been claimed that in twenty-five volumes of
Technology and Culiure only ninc articies were devoted to the study of
failed technological innovations (Staudenmaier 1985). This contri-
butes to the implicit adoption of a linear structure of technological

development, which suggests that
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the whole history of technological development had followed an orderly or
vational path, as though today’s world was the precise goal toward which all
decisions, made since the beginmng of history, were consciously directed.

(Ferguson 1974b, p. 19)

This preference for successful innovations seems to lead scholars to
assume that the success of an artifact is an explanation of its sub-
sequent development. Historians of technology often scem content to
rely on the manifest success of the artifact as evidence that there 1s no
further explanatory work to he donc. For example, many histories of
o tbomrie lanrice srart bt deseribine the Ctechnicallv sweet” charac-
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A six-stage model of the innovation process

Figure 1
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digms.®* Such approaches certainly appear to be more promising
than standard descriptive historiography, but it is not clear whether
or not these authors share our understanding of technological arti-
facts as social constructs. For example, neither Johnston nor Dosi
considers explicitly the need for a symmetric sociological explanation
that treats successful and failed artifacts in an equivalent way.
Indeed, by locating their discussion at the level of technological
paradigms, we are not sure how the artifacts themselves are to be
approached. As ncither author has yet produced an empirical study
using Kuhnian ideas. 1t is difficult to evaluate how the Kuhnian terms
may be utilized.2s Certainly this has been a pressing problem mn
the sociology of science, where it has not always been possible to
give Kuhn's terms a clear empinical reference.

The possibilitics of a more radical social constructivist view of
technology have been touched on by Mulkay (1979a). He argues that
the suceess and efficacy of technology could pose a special problem for
the social constructivist view of scientific knowledge. The argument
Mulkay wishes Lo counter is that the practical eflecuveness of tech-
nology somehow demonstrates the privileged epistemology of science
and thereby exempts 1t from sociological explanation, Mulkay
opposcs this view, rightly in cur opinion, by pointing out the probiem
of the “science discovers, technology applies” notion implicit in such
ciaims. In a second argument against this position, Mulkay notes
(lollowing Mario Bunge (1966)) thatit1s possible for a falsc or partly
false theory to be used as the basis for successful practical application:
The success of the technology would not then have anytlung to say
about the “truth” of the scientific knowledge on which 1t was based.
We find this second point not entirely satisfactory. We would rather
stress that the truth or falsity of scientific knowledge 1s irrefevant to
sociological analysis ol belief: To retreat to the argument that science
may be wrong but good technology can still be based on 1t 1s missing
this pomnt. Furthermore, the success of technology 1s still left unex-

plained within such an argument. The only effective way to deal with
these difficulties is to adopt a perspective that attempts to show that
technology, as well as science, can be understood as # social consiruct,

Mulkay scems to be reluctant to take this step because, as he pomts
out, “there are very few studies . .. which consider how the techmeal
meaning of hard technology 1s socially constructed” (Mulkay 1979a,
p.77}. Thissituation however, s starting to change: A 5c3.._.un_wﬁm.m:n:
studies have recently emerged. For example,|Michel Callonjin a
pioneering study, has shown the effectiveness of focusing on tech-
nological controversies. He draws on an extensive case study of the
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electric vehicle in France (1960-75) to demonstrate that almost
everything is negotiable: what is certain and what 15 nog; who s a
scientist and who 1s a technologist; what is technological and what 1s
social; and who can participate in the controversy (Callon 1980a, b,
1981b, and this volume}. David Noble’s study of the introduction of
numerically controlled machine tools can also be regarded as an
important contribution to a social constructivist view of technology
(Noble 1984). Noble’s explanatory goals come froma rather different
(Marxist) tradition,* and his study has much to recommend it: He
considers the development of both a successful and a failed technology
and gives a symmetric account of both developments. Another intrigu-
ing study in this tradition is Lazonick’s account (1979) of the intro-
duction of the sell-acting mule: He shows (hat aspects of this techuicad
development can be understood in terms of the relations of produc-
tion rather than any inner logic of technological development. The
work undertaken by Bijker, Bonig, and Van Oost is another attempt
to show how the socially constructed character of the content of sonie
technological artifacts might be approached empirically: Six case
studies were carried out, using historical sources.?” “

In summary, then, we can say that the predominant traditions
in technology studies—innovation studies and the history of
technology—do not yet provide much encouragement for our
program. There are exceptions, however, and some recent mgnﬁmm in
the sociology of technology present promising starts on which 2
unified approach could be built. We now give a more CXIensive
account of how these ideas may be synthesized.

EPOR and SCOT

In this part we outline in more detail the concepts and methods that
we wish Lo employ. We start by describing the “Empirical mﬁo-
gramme of Relativism” as 1t was developed in the sociology of scien-
tific knowledge. We then goon to discuss in more detail the m_,wuﬁwomn:
taken by Bijker and his collaborators in the sociology of technology.

The Empirical Programme of Relativism (EPOR}) .

The EPOR is an approach that has produced several studies demon-
strating the social construction of scientific knowledge in the :wm,:d,
sciences. This tradition of research has emerged from recent sociology
of scientific knowledge. Its main characteristics, which &mmsm;wm,r it
from other approaches in the same area, are the focus on the empirical
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study of contemporary scientific developments and the study, n
particular, of scientific controversies.”
Three stages in the explanatory aims of the EPOR can be wdent-

fied. In mgm,_..\wﬁm&.mww_ﬁﬂm{mmﬂnﬂuﬁnwﬁ.&w mnxz&:@o?nwnﬂmmn mmn:smM,
is displayed; in other words, it is shown that scientific findings are
open to more than onc mterpretation. This shifts the focus for the
explanation of scientific developments from the natural world to the
social world. Although this interpretative flexibility can be recovered
in certain circumstances, it remains the case thatsuch flexibility soon
disappears 1n science; that 1s, a scientific consensus as to whart the
“truth™ is in any particular instance usually emerges. Social mecha-
nisms that limit interpretative flexibility and thus aflow scientific
controversies to be terninated are deseribod i the second stage. N tard
stage, which has not yet been carried through in any study of con-
temporary science, 1s to relate such ‘““closure. mechanisms” to the
wider social-cultural milieu, Ifall three stages were to be addressed in
a smgle study, as Collins writes, “ihe impact of socicty on knowledge
‘produced’ at the laboratory bench would then have been [ollowed
through in the hardest possible case” (Collins 1981d, p. 7).

The EPOR represents a continuing cHort by sociologists to uader-
stand the content of the natural sciences 1n terms of social construc-
tion. Various parts of the program arc better researched than others.
The third stage of the program has not yet even been addressed, but
there are many cxcellent studies exploring the first stage. Most cur-
rent research is azmed at elucidating the closure mechanisms whereby
consensus emerges (the second stage). Many studies within the
EPOR have been most fruitfully located mn the area of scientific
controversy. Controversies offer a methodological advantage in the
comparative ease with which they reveal the interpretative fexibility
of scientific results. Interviews conducted with scientists engaged 1n a
controversy usually reveal strong and differing opinions over scien-
tific findings. As such flexibility soon vanishes from science, it 1s
difficult to recover from the textual sources with which historians
usually work. Collins has highlighted the importance of the *con-
troversy group” in science by his use of the term “core set”” {Gollins
1981b). These are the scientists most mtimately involved mn a con-
(roversial research topic. Because the core set1s defined 1n relation to
knowledge production in science (the core set constructs scientific
knowledge), some of the empirical problems encountered in the
Jdentification of groups in science by purely s0CIOMCLrIC MCAns Can be
overcome. And studying the core set has another methodological
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advantage, in that the resulting consensus can be monitored. In other
words, the group of scientists who experiment and theorize at the
research frontiers and who become embroiled in scientific contro-
versy will also reflect the growing consensus as to the outcome of that
controversy. The same group of core set scientists can then be studied

\“/ in both the first and second stages of the EPOR. For the purposes of

4

the third stage, the notion of a core set may be too limited.

The Social Construction of Technology (SCOT)

Before outlining some of the concepts found to be fruitful by Bijker
and his collaborators in their studies in the sociology of technology,
we should peint out an imbalance between the two approaches
(EPOR and SCOT) we are considering. The EPOR is part of a
Aourishing tradition in the sociology of scientific knowledge: It 15 a
well-established program supported by much empirical research. In
contrast, the sociology of technology is an embryonic field with no
well-established traditions of research, and the approach we draw on
specifically (SCOT) is only in its early empirical stages, although
clearly gaining momentum.®

In SCOT the developmental process of a technolggical artifact is
described as an alternation of variation and mnmmnmos@.ﬁ?m results i
4 “multidirectional” model, in contrast with the linear models used
explicitly in many innovation studies and implicitly in much lustory
of technology. Such a multidirectional view is essential to any social
constructivist account of technology. Of course, with historical hind-
sight, it is possible to collapse the multidirectional model on to a
simpler linear model; but this misses the thrust of our argument that
the “successful” stages in the development are not the only possible
ones.

Lel us consider the development of the bicycle.” Applied to the
level of artifacts in this development, this multidirectional view results
in the description summarized in figure 2. Here we see the artifact
“QOrdinary” (or, as it was nicknamed after becoming less ordinary, the
_ﬁ_:wmm:v?mmﬁwwsm:m figure 3) and a range of possible variations. It is
wamuo«nmnn to recognize that, in the view of the actors of those days,
these variants were at the same time quite different from cach other
w:m equally were serious rivals. It is only by retrospective distortion
that a quasi-linear development emerges, as depicted in figure 4. In
.?.Wm representation the so-called safety ordinaries {(Xtraordinary
(1878), Facile (1879), and Club Safety (1885)) figurc only as amusing
aberrations that need not be taken seriously {figure 3, 6, and 7). Such
a retrospective description can be challenged by looking at the actual
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A multidirectionat view of the developmental process of the Penny Farthing
bicycle, The shaded area is filled in and magnified in figure 11. The hexagons
symbolize artifacts,

Star
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situation in the 1880s. Some of the “safety ordinaries” were produced
commercially, whereas Lawson’s Bicyclette, which seems to play an
umportant role in the linear model, proved to be a commercial failure
(Woodflorde 1970).

However, il a multidirectional model is adopted, 1t 1s possible to ask
why some of the variants “die,” whereas others “survive.” To illumi-
nate this “selection” part of the developmental processes, let us
consider the problems and solutions presented by each artifact at
particular moments. The rationale for this move is the same as that for
focusing on scientific controversies within EPOR. In this way, one
can expect to bring out more clearly the interpretative flexibility of
technological artifacts.

I
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Figure 3
A typical Penny Farthing, the Bayliss-Thomson Ordinary (1878}. Photograph
courtesy of the Trustees of the Science Muscum, London,

In deciding which problems are relevant, the social groups con-

cerned with the artifact and the meanings that those groups give to

{ the artifact play a crucial role: A problem is defined as such only when
there is a social group for which it constitutes a “‘problem.”

The use of the concept of a relevant social group is quite straight-
forward. The phrase is used to denote institutions and organizations
(such as the military or somc specific industrial company}, as well as
organized or unorganized groups of individuais. The key require-
ment is that all members of a certain social group share the same set
of meanings, attached to a specific artifact¥®In deciding which social
groups are relevant, we must first ask whether the artifact has any
meaning at all for the members of the social group under investiga-
tion. Obviously, the social group of “consumers” or “users” of the
artifact fuifills this requirement. But also less obvious social groups
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I'he eraditional quasi-linear view of the developmental provess of'the Penny Fartung
bicycle. Solid lines indicate successful development, and dashed lincs indicaic failed
development.
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Figure D
The American Star bicycle (1883). Photograph courtesy of the Trustees of the
Seience Muscum, London.

may need to be included. In the case of the bicycle, one needs to
mention the “anticyclists.” Their actions ranged from derisive cheers
to more destructive methods. For example, Reverend L. Meadows
White described such resistance t0 the bicycle in his book, 4 Photo-
graphic Tour on Wheels:

__but when to words are added deeds, and stones are thrown, sticks thrust
into the wheels, or caps hurled into the machinery, the picture hasa different
aspect. All the above in certain districts are of common OCCUrrence, and have
all happened o me, especiatly when passing through a village just after
school is closed. (Meadows, cited in Woodforde 1970, pp- 49--50)

Clearly, for the anticyclists the artifact “bicycle” had taken on
meaning!

Another question we need to address is whether a provisionally
efined social group is homogeneous with respect to the meanings
iven to the artifact—or is 1t More effective to describe the develop-
1 omroe by Aividing a rather heterogeneous group into several

Soctad Consiructon of Facls and Arlifacts

Figure 6

Facile bicyale (1874). Photograph courtesy of the Prastees of the Saience Museum
London,

-

Figure 7
A form of the Kangaroo bicycie (1878). Photograph courtesy of the Trustees of the
Science Museum, London.
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different social groups? Thus within the group of cycle-users we
discern a separate sociai group of women cyclists. During the days of
the high-wheeled Ordinary women were not supposed to mount a
bicycle. For instance, in a magazine advice column (1885} it is
proclaimed, in reply to a letter from a young lady:

The mere fact of riding a bicycle is not In itself sinfui, and if it is the only
means of reaching the church on a Sunday, it may he excusable. {cited n
Woodforde 1970, p. 122)

Tricycles were the permitted machines for women. But engineers and
producers anticipated the importance of women as potential bicy-
clists. In a review of the annual Staniey Exhibition of Cycles in 1890,
the author observes:

From the number of safeties adapted for the use of ladies, it seems as if
bicycling was becoming popular with the weaker sex, and we arc not
surprised at 1t, considering the saving of power derived from the use of a
machine having only one slack. (Staniey Exhibition of Cycles, 1890, pp.
107-108)

Thus some parts of the bicycle’s development can be better explained
by including a scparate social group of feminine cycle-users. This
need not, of course, be so in other cases: For instance, we would not
expect it to be useful to consider a separate social group of women
users of, say, fluorescent lamps.

Once the relevant jso¢ial groups|have been identified, they are
described in more detdil” This is also where aspects such as power or
economic strength enter the description, when relevant. Although the
only defining property is some homogeneous meaning given to 2
certain artifact, the intention is not just to retreat to worn-out, general
statements about ‘‘consumers” and “producers.” We need to have a
detailed deseription of the relevant social groups in order to define
better the function of the artifact with respect to each group. Without
this, one could not hope to be able to give any explanation of the
developmental process. For example, the social group of cyclists
viding the high-wheeled Ordimary consisted ol Uyouny men ol means

and nerve: they might be professional men, clerks, schoolmasters or

dons” {Woodlorde 1970, p. 47). For this social group the function of

- thie bicycle was primarily for sport. The following comment m the

Daily Telegraph (September 7, 1877) emphasizes sport, rather than
transport:
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Figure 8
The relatsonship between an artifact and the relevant social groups.

wwn%n::m 15 a :ommxsw and manly pursuit with much to recommend it, and,
:mwm_wmvo:yom. foclish crazes, it has not died out. {cited in Woodforde 1870
p- u

. Let us now return to the exposition of the model. Having identified
:.Ho relevant social groups for a certain artifact {figure 8}, we arc espe-
cially interested in the ?d@m?imwmmnv group has with respect to that
miz,mnm (Rgure 9). Around ¢ach problem, severaljvariants of solutior
can be identified {figure 10). In the case of the bicycle, some relevant
probiems and solutions are shown in figure 11, in which the shaded
area of figure 2 has been filled. This way of describing the develop-
mental process brings out clearly all kinds of conflicts: conflicting
teehmuend requorenments by different sociad groups (Tor exiungple, mm_.ﬁ
speed requirement and the salety requirement); conflicting mo_E.._o:m
Lo the same problem {for example, the safety wos;s_:mnmmwm and the
salety ordinarics); and moral conflicts (for nmmzﬁﬁry WOMEn wWearing
SKITLS OF trousers on lugh-wheelers; ligure 12). Within this scheme
various solutions to these conflicts and problems are _uommmv_niazom
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Figure 8 .
“I'ne relationship between one sacial group and the perceived problems.

Sotunion

2 Figure 10

E f\ The relationship between onc problem and its possible sofutions.
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Figure 11

Somc relevan: social groups, problems, and sotutions in the developmental process
of the Penny Farthing bicycle. Because of lack of space, not all artifacts, relevant
soctal groups, problems, and solutions are shown.
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Figure 12

A solution Lot
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Photograph courtesy of the
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Figure 13

Lawson’s Bicyclette {1879). Photograph courtesy of the Trustees of the Stience
Muscum, London.

only technological ones but also judicial or even moral ones (for
example, changing attitudes toward women wearing trousers).
Following the developmental process in this way, we sce growing
and dimimshing degrees ol stabilization of the diflerent artifacts.™ In
principle, the degree of stabilization 1s different in different social
groups. By using the concept of stabilization, we sce that the “inven-
tion” of the safety bicycle was not an isolated event {1884), but a
nineteen-year process {1879-98). For example, at the begimmng of
this period the relevant groups did not see the “salety bicycle” but a
wide range of bi- and tricycles—and, among those, a rather ugly
crocodilelike bicycle with a relatively low front wheel and rear chamn
drive (Lawson’s Bicyclette; figure 13}. By the end of the period, the
phrase “safety bicycle” denoted a low-wheeled bicycle with rear
chain drive, diamond frame, and air tires. As.a result of the stabiliza-

tion of the artifact after 1898, one did not necd to specify these details:

1154

They were taken for granted as the esscntial “ingrecients” of the
salety bieycle.

We want to stress that our model is not used as a mold into which
the empirical data have to be forced, enite gue coite. The model has
been developed Trom a series of case studics and not rom purely
philosophical or theoretical analysis. Its function is primarily
heuristic—to bring out all the aspects relevant to our purposes. This
is not to say that there are no explanatory and theoretical aims,
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analogous to the different stages of the EPOR (Bijker 1984 and this more detail later). For vet another group of engineers, 1t was an ugly
<o~g5m3 And indeed, as we have shown, this model already does tooking way of making the low-wheeier even less safe (because of
more mwwm merely mnmwamun techniological development: 1t highlights side-slipping) than it atready was. For instance, the following com-

its multidirectional character. Also, as will be indicated, it brings out ment, describing the Stanley Exhibition of Cycles, 15 revealing:

the interpretative flexibility of technological artifacts and the role

S o R The most conspicuous 1nmovation 1n the cycle construction s the use of
: i s may play in the stabilization of L ‘ ! yele cor s the
that different closure mechanism Yy Py pneumatic tires. These tires are hollow, about 2 in, diameter, and are inflated

artifacts. by the use of a small air pump. They are said to afford most tuxunious nding,
the roughest macadam and cobbles being reduced to the smoothest asphalte.

The Social Construction of Facts and Artifacts Not having had the opportunity of testing these tires, we are unabie to speak
of them from practical experience; but fooking at them [rom a theorcucal

of science and point of view, we opine that considerable difficulty will be experienced 1n

, ibed approaches to the study : ; ( nat < ! >
Having described the two app | the keeping the tires thoroughly inflated. Air under pressure 15 a troublesome

technology we wish to draw on, we now discuss in more detal

“ thing to deal with. From the reports of those who have used these tires, it
Humﬂm:&m between them. As a way of Hucﬁ,ﬂ.ﬂm M.zuam mmmr Od our scems that they are prone to slip on muddy roads. If this 15 50, we fear thewr
discussion we give, where appropriate, empirical illustrations drawn use on rear-driving safeties--which are all more or less addicted to sicie-
from our own research. slipping—is out of the question, as any improvement in this line should be to

prevent side slip and not to increase it. Apart from these defects, the
appearance of the tires destroys the symmetry and graceful appearance of a
cycle, and this alone 1w, we think, sufficient to prevent their coming 1nto
wenera] use. (Stanley Exhilntion of Gycles, 1890, p. 107)

gwmmm,nmwwﬁm Flexibility o o

The Arst stage of the EPOR involves the demonstration oﬁ. the mter-
pretative flexibility of scientific findings. In other Eca..amu 1t must be
shown that different interpretations of nature arc available to scien-
tists and hence that nature alone docs not provide a determinant
outcome to scientific debate.®

And indeed, other artilacts were seen as providing a solution for the
vibration problem, as the followmg comment reveals:

In SCOT, the equivalent of the first stage of the EPOR would scem With the imtroduction of the rear-driving safety bicycle has arisen a demand
to be the demonstration that technological artifacts are ncwnzwm:w\ Jﬁ for anu-vibration devices, as the small wheels of these maciunces are conduc-
constructed and interpreted; in other words, the interpretative fexi- ive to considerable fUSSOP even on p.Wm best roads. anﬁw cvery nﬁ:_u_.ﬂom.
bility of a technological artifact must be shown. By this we mean not of this type of machine has some appliance 1o suppress vibration. (Stanley

only that there is flexibility in how people think of or interpret Exhibition of Cycles, 1889, pp. 157-158)

artifacts but also that there is flexibility in how artifacts are designed.
There is not just one possible way or one best way of designing an
artifact. In principle, this could be demonstrated in the same way as
for the science case, that is, by interviews with technologists who are bicycle (and the air re with Jf) achieved 2 hig
engaged in a contemporary technological controversy. For example, . Spring - ng . . |

8% 1 1 hat, il interviews had been carried outin 1890 with {ts mmportant to realize that this demonstration oT:H%aﬁm:é

inter t 15 import : it this d .

,M.n nmm_gﬁmmﬂhmnmﬁnmm ?M would have been able to show the interpreta- fexibility by interviews and historical sources 1s only one of a set of
Live floxi n.w.mS M mw (ifaet “air tyre.” For some, this artilact was & possible methods, Atleast in the study ol technology, another method
1 X s artifact “ar T ariilnct was ¢ I . . .
:Mn P.E_Mm MM\ NWW“mem roblem of mgmm-érmn\_ma vehicles: 15 mvﬁ:nm_umw and has actually been used. T. can be shown that
outon fo 2 P different social groups have radically different interpretations of one
[The air tire was] devised with a view to afford increased facilities for the technological artifact. We call these differences “‘radical” because the
passage of wheeled vehicles—chiefly of the lighter ciass such for imnstance as content of the artifact seems to be ivolved. It is something more than
velocipedes, invalid chars, ambulances—over roadways and paths, nmﬁnnm- what Mulkay rightly claims to be rather casy—to show that the
ally when these latter are of rough or uneven character. (Duniop 1888, p. I} social meaning of television varies with and depends upon the social

Most solutions used various spring constructions in the frame, the
saddle, and the steering-bar (figure 14). In 1896, even alter the safety
bicycle (and the air tire with 1t) achieved a high degree of stabiliza-

T nthore the air tire was a way of going faster {this 15 outlined in
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Figure 14
Whippet spring frame (1885} Photograph courtesy of the Trustees of the Science

Museum, London.

context in which it is employed.” As Mulkay notes: It 1s much more
difficult to show what is to count as a ‘working television set’ 15
similarly context-dependent in any significant respect” {Mulkay
1979a, p. 80}).

We think that our account—in which the different interpretations
by social groups of the content of artifacts lead by means of different
chains of problems and solutions to different further developments—
involves the content of the artifact itself. Our carlier example of the
development of the safety bicycle 1s of this kind. Another example is
variations within the high-wheeler. The high-wheeler’s meaning as a
virile, high-speed bicycle led to the development of larger front
wheeis—for with a fixed angular velocity one way of getting a
higher translational velocity over the ground was by enlarging the
radius. One of the last bicycles resulting from this strand of develop-
ment was the Rudge Ordinary of 1892, which had a 56-inch wheel

.nd air tire, But groups of women and of clderly men gave quite
nother meaning to the high-wheeler. For them, its most important

Soctal Construciton of Facts and Artifacts 43

Figure 15
mmmmﬁ. Xtraordinary bicycle {1878}, Photograph courtesy of the Trustees of the
Scienec Muscum, London.

characteristic was 1ts lack of safety:

Owing to the disparity in wheet diameters and the small weight of the
backbone and trailing wheel, also to the rider’s position practically over the
centre of the wheel, il the large front wheel hit a briek or large stone on the
road, and the ridder was unprepared, the sudden check to the wheel usually
threw him over the handicbar. For this reason the machine was H.nmmwnmnw
as ﬂmumn:u:m, and however enthusiastic one may have been about the
ordinary-—and I was an enthusiastic rider of it once—there is no denying
Mwwﬂ_mm Ew.w only possible for comparatively young and athletic men. {Grew
. P

This meaning gave rise to lowering the front wheel, moving back the
wmnm..”:P and giving the front fork a less upnght position. Via another
chain of problems and solutions (sce figure 7), this resulted in artifacts
such as Lawson’s Bicyclette (1879) and the Xtraordinary (1878;
figure 15). Thus there was not one high-wheeler; there was the .zSQ.Rw
machine, leading to new designs of bicycles with even higher front
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wheels, and there was the unsafe machine, leading to new designs of
bicycle with lower front wheels, saddles moved backward, or reversed
order of small and high wheel. Thus the interpretative fexibility of
the artifact Penny-farthing is materialized in quite different design
Hnes.

Closure and Stabilization

The second stage of the EPOR concerns the mapping of mechanisms
for the closure of debate—or, in SCOT, for the stabilization of an
artifact. We now illustrate what we mean by a closure mechanism by
giving examples of two types that seem to have played a role in cases
with which we are familiar. We refer to the particular mechamsms on
which we focus as rhetorical closure and closure by redefimtion ol
problem.

tion of an artifact and the “disappearance” of problems. To close a
technological “controversy,” one need not solve the problems in the
cormmen sense of that word. The key point is whether the relevant
social groups see the problem as being solved. In technology, advertis-
ing can play an important role in shaping the meaning that a social
group gives to an artifact.? Thus, for instance, an attempt was made
to “close” the “safety controversy” around the high-wheeler by
simply claiming that the artifact was perfectly safe. An advertisement
for the “Facile” (sic!) Bicycle (figure 16) reads:

s o . - < - [ EEE Be
Tﬁamnoﬁai Closure] Closure in technology involves the stabiliza-

4%

Bicyclists! Why risk vour limbs and lives on high Machines when for road
work a 40 inch or 42 inch “Facile” gives all the advantages of the other,
together with almost absolute safety. (Hllusirated London News, 1880; cited in
Woodforde 1970, p. 60)

{

This claim of “almost absolute safety” was pmwnmslnmxaoéu con-

sidering the height of the bicycle and the forward position of the rider,

whichgvere wellfknownjto engineers at the time to present problems of
safety.

‘Closure by Redefinition of the Problem| Wehavealready men-
tioned the controversy around the air tire. For most of the engineers 1t
was a theoretical and practical monstrosity. For the general public,1n
the beginning it meant an aesthetically awful accessory:

Messenger boys guffawed at the sausage tyre, factory ladies squirmed with
mereiment. while even sober citizens were sadly moved to mirth at a comic-
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Figure 16

Geared Facile bicycle {1888). Photograph courtesy of the Trustees of the Science
Muscum, London.

ality obviously designed solely to lighten the gloom of their daily routine.
(Woodforde 1970, p. 89) .

For Dunlop and the other protagonists of the air tire, onginally the air
tire meant a solution to the vibration problem. However, the group
of sporting cyclists riding their high-wheelers did not accept that as
a problem at all. Vibration presented a problem only to the (poten-
tial) users of the low-wheeled bicycle. Three important social
groups were therefore opposed to the air tire, But then the air tire was
mounted on a racing bicycle. When, for the first time, the tire was
used at the racing track, its entry was hailed with derisive laughter.
This was, however, quickly silenced by the high speed achieved, and
therc was only astorshment left when it outpaced all rivals AG_H.oou
1939}, Soon handicappers had to give racing cyclists on high-
wheelers a considerable start if riders on air-tive low-wheelers were
entered. After a short period no racer of any pretensions troubled to
compete on anytlung cise (Grew 1921).

What had happened? With respect to two 1mportant groups. the
mmow”w:m cychists and the general public, closure had been reached,
but not by convincing those two groups of the feasibility of the alr ure
in 1ts meaning as an antivibration device. One can mmuﬁ,ém think, that
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the meaning of the air tire was translated®® to constitute a solution to
quite another problem: the problem of how to go as fast as possible.
And thus, by redefining the key problem with respect to which the
artifact should have the meaning of a solution, closure was reached for
cwo of the relevant social groups. How the third group, the engineers,
came to accept the air tire is another story and need not be told here.
Of course, there is nothing “natural” or logically necessary about this
form of closure. It could be argued that speed is not the most import-
ant characteristic of the bicycle or that existing cycle races were not
appropriate tests of a cycle’s “‘real” speed (after all, the idealized
world of the race track may not match everyday road conditions,
any more than the Formula-1 racing car bears on the performance
requirements of the average family sedan). Still, bicycle races have
played an important role in the development of the bicycle, and
because racing can be viewed as a specific form of testing, this
observation is nmuch in line with Constant’s recent plea to pay more
attention o testing procedures in studying technology {Constant

1983).

The Wider Contexi

Finally, we come to the third stage of our research program. The task
here in the area of technology would seem (o be the same as for
science——to relate the content of a technological artifact to the wider
sociopolitical milieu. This aspect has not yet been demonstrated for
the science case,” at least not in contemporancous sociological
studies.® However, the SCOT method of describing technological
artifacts by focusing on the meanings given to them by relevantsocial
groups seems to suggest a way forward. Obviously, the sociocultural
and political situation of a social group shapes 1ts norms and values,
which in turn influence the meaning given to an artifact. Becausc we
have shown how different meanings can constitute different lines of
development, SCOT’s descriptive model seems to offer an opera-
tionalization of the relationship between the wider milieu and the
actual content of technology. To follow this line of analysis, see Bijker
(this volume).

Conclusion
In this chapter we have been concerned with outlining an integrated

\ social constructivist approach to the empirical study ol scrence and
? technology. We reviewed several relevant bodies of literature and
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strands of argument. We indicated that the social comstructivist
approach 1s a flourishing tradition withuin the sociology of science and
that it shows every promise ol wider application. We reviewed the
literature on the science-technology relationship and showed that
here, too, the social constructivist approach is starting to bear fruit.
And we reviewed some of the main traditions 1n technology studies.
We argued thal innovation studies and much of the history of tech-
nology are unsuitable for our sociological purposes. We discussed
some recent work in the sociology of technology and noted encour-
aging signs that 2 new wave of social constructivist case studies 1s
beginning to emerge.

We then outlined in more detail the two approaches—one 1n the
sociology ol scientilic knowledge (EPOR} and onc in the ficld of
sociology of technology (SCOT)—on which we base our integrated
perspective. Finally, we indicated the similarity of the explanatory
goals of the two approaches and illustrated these goals with some
examples dimwn front teehnotogy. Tn paerticular, we luwve seen thid
the concepts of interpretative flexibility and closure mechanism and
the notion of social group can be given empirical reference in the
social study of technology.

As we have noted throughout this chapter, the sociology of tech-
nology s still underdeveloped, in comparison with the sociology of
scientific knowledge. It would be a shame if the advances made in the
latter field could not be used to throw light on the study of technology.
On the other hand. in our studies of technology it appeared to be
fruitful to include several social groups in the analysis, and there are
some indications that this method may also bear fruit in studies of
science. Thus our integrated approach to the social study of science
and technology indicates how the sociology of science and the soci-
ology of technology might benefit cach other.

But there is another reason, and perhaps an even more important
one, to argue for such an integrated approach. And this bringsus toa
question that some readers might have expected to be dealt with in
the first paragraph of this chapter, namely, the question of how to
distinguish science from technology. We think thatitis rather unfruit-
[l to make such an a priori distinction, Instead, it seems worthwhile
to start with commonsense notions of science and technology and to
study them in an integrated way, as we have proposed. Whatever
interesting differences may exist will gam contrast within such a
program. Ths would constitute another conercte result ol the 1n-
tegrated study of the social construction of facts and artifacts.
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Notes

This chapter is a shortencd and updated version of Pinch and Bijker :mmiw ,
We are grateful to Henk van den Belg, Ernst Homburg, Donald ?Hmnwﬁnmm_o.w and

Steve Woolgar for comments on an earlier draft of this chapter. We would Eﬂ to
thank the Stiftung Volkswagen, Federal Republic of Germany, the .M.E.Q:n Unavers-
ity of Tecchnology, The Netherlands, and the UK SSRC (under grant
G/00123/0072/1) for financial support.

1. The science technology divorce seems to have resulted notso much from the lack of
overall analytical goais within “science studies” but more from the contngent
demands of carrying out empiricat work in these arcas. To give an cxample, the new
sociology of scentific knowledge, which attempts te take into account mrn actuat
content of sciontific knowledge, can best be carvied out by researchers i.:.« have seme
training 1 the science they study, or at least by those who are familiar with an
extensive body of techmeal literature {indeed, many researchers are nxln.wE_.m_
scientists), mm.<5m gained such expertise, the rescarchers nnﬂm to stay ﬂ:ﬂ:m the
domain where that expertisc can best be deployed. Similarly, R&D studics and
innovation studics, 1 which the analysis centers on the firm and the marketplace,
have tended to demand the specialized competence of ceconomists. Suceh &ﬂumﬂwﬁ
bodies of work do not easily lead to a more integrated conception of science and
technology. One uotable exception 1s Ravetz (197 C. This is onc of :E.?E works of
reeent science studics in which both science and technotogy and their differences are
expliored within a commeon framework,

2. A comprehensive review can be found in Mulkay and Mili¢ (1980).

3. For a recent review of the sociology of scientific knowledge, sce Collins {1983c).

4. For a discussion of the eariier work (largely associated with Robert Merton and his

students), see Whitley (1972).

%. For more discussion, sce Barnes (1974}, Mulkay {1979b}, Oom.:,#. {1983c), and

Barnes and Edge {1982). The origins of this approach can be found in Fleck (19335;.

6. See, for example, Latour and Woolgar (1979), Knorr-Cetuna (1681), Lynch

(19854}, and Woolgar (1982).

7. See, for exampie, Collins {1975}, Wynne {1976), Pinch Cm.\ﬁ Hm«.mmv, %mnwn:.um

(1984}, and the studies by Pickering, Harvey, Collins, Travis, and Pinch in Collins

(1981a}.

8. Collins and Pinch (1979, 1982).

9, Robbins and Johnston (F976). For a similar analysis of public science con-

troversies, see Gillespie et al, (1978) and McCrea and Markie (1984).

10. Some of the most recent debates can be found in Knore-Cetina and Mulkay

(1983).

11. The locus classicus 1s the study by Hessen {1931},

12. See, for example, de Solla Priee {1969}, Jevons (1976), and Mayr (1976},

13, See, w.o._, example, Schumpeter (1928, 1942), Schmookler {1966, 1972}, Frecman
{1974, 1977), and Scholz (1976},

14. See, lor example, Rosenberg {1982}, Nelson and Winter {1977, mmmmv, and Dost
(1982, 1984). A study that preceded these s Rosenberg and Vincent (1978},
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15. Adapted from Uhlmann {1978}, p. 45,
16. For another enigue of these lincar models, sce Kline (1985).

17. Shapin writes that “a proper perspective of the uses of science mught reveal that
sociology of knowledge and history of technology have more m common than 1s
usuaily thought™ (1980, p. 132). Although we aresympathetic to Shapin's argument,
we think the time 1s now ripe for asking more searching guestions of historical studics.

I8. Manuals describing resinous materials do mention Bakelite but not with the
amount of attention that, retrospectvely, we would think to be justified. Professor
Max Bottler, for example, devotes only one page to Bakelite in his 228-page book on
resins and the resin industry (Boetier 1924). Even when Bottler concentrates n
another book on the syntheize resinous materials, Bakelite does not recerve an indisput-
able “first place.” Only haif of the book 1s devoted to phenolfformaldchyde conden-
sation products, ad roughly Balf ol that parct i devesed 1o Babkelite (Bottler 191493,
Sce also Matthis (1920},

19. For an account of other aspects of Bakelite's suceess, see Bijker {this volume).
20. See, for example, Gonstant {1980), Hughes (1983), and Haneski (1973).

21 See, for example, Noble (1979), Smuth {1977), and Lazenick (1978).

22. See, for example, Vincenn {1986).

23, There is an Amenican tradition in the sociology of technoiogy, Sec, for example,
Gilfillan {1935), Ogburn (1943), Ogburn and Meyers NimkofT (1953}, and Westrum
{1983). A fairly comprehensive view of the present state of the art in German
sociology of technology can be obtamed from Jokisch {[982). Several studics in the
sociology of technology that attempt to break with the traditionai approach can be
found in Krohn et al. {1978).

24. Dosi uses the concept of technological trajectory, developed by Nelson and
Winter {1977); sec also Van den Belt and Rip (this volume). Other approaches to
technelogy based on Kuhn's idea of the community structure of science are men-
tioned by Bijker (this volume}. Sce aiso Constant {this volume) and the collecuon
edited by Laudan {1984a).

25. One is reminded of the first blush of Kuhnian studies in the seciotogy of science. It
was hoped that Kuhn's “paradigm” concept might be straightforwardly employed
by sociologists 1n thewr studies of science. Indeed there were a number of studies in
which attempts were made to identify phases i science, such as preparadigmanc,
normal, and revelutionary. It seon became apparent, however, that Kuhn's terms
were foosely formulated, could be subject to a vaniety of interpretations, and did not
lend themsclves to operationalization in any straghtforward manner, See, for
example, the inconclusive discussion over whether a2 Kuhnian analysis applies o
psychology in Palermo {1973}, A notable exception 15 Barnes's contribution to the
discussion ol Koha's work {Barnes 19820),

26. For a valuabie review of Marxist work 1n this arca, sce MacKenzie (1984).

27. Tor a provisional report of this study, sce Bijker et al. (1984). 'The five artifacts
that are studied are Bakclite, luorescent lighting, the safety bieyeie, the Sulzerinom,
and the transistor, See adso Bijker (s volume),

28, Work that might be classified as falling within the EPOR has been carried out
primarily by Collins, Pinch, and Travis at the Science Seudies Centre, University of
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Bath, and¢ by Harvey and Pickening at the Science Studies Unit, Umiversity of
Edinburgh. See, for cxample, the references i note 7.

99. Sec, for example, Bijker and Pinch (1983) and Bijker {1984 and this volume).
Studies by Van den Beit (1985), Schot (1985, 1986), Jelsma and Srmie {1986), and
Elzen (1985, 1986) arc atso based on SCOT.

30. Constant (1980) used a similar evolutionary approach. Both Constant’s model
and our modei seem to arise out of the work 1n evolutionary epistemology; see, for
example, Toulmin (1972) and Campbell {1974). Elster (1983) mives a review of
evolutionary models of technieal change. See also Van den Belt and Rip {this
volume}.

31. It may be uscful to state explicitly that we consider bicyeles 1e be as fully fledged
a technology as, for exampie, automobiles or acraft. It may be hetpluil for readers
from ontside nolorons cyele countries sueh as The Netherlands, Franes, and Grreat
Britain to point out that both the autoniobile and the arrcralt industries are, m a way,
descendants from the bicycle industry. Many names occurin the histaries of both the
bicycic and the autocar: Triumph, Rover, Humber, and Raleigh, to mention but 2
few { Caunter 1955, 1957}, 'T'he Winght brothers both sold and manufactured hieycles
belore they started 1o build treir flying machines— mostly made oul of bicycle parts
(Gibbs-Smuth 1960).

39, There 15 no cookbook recipe for how to wdentify a social group. Quanutauve
Instruments using citation data may be of some heip in certain cases. More research
15 needed to develop operationalizations of the notion of “relevant social group” for
a variety ol historical and sociological rescarch sites. See aiso Law (this volume} on
the demarcation of networks and Bijker (this volume).

33. Previously, two concepts have been used that can be undersiooed as two distinctive
coneepts within the broader idea of stabilizauon (Bijker et al. 1984). Reification was
used to denote social existence—existence in the consciousness of the members of 2
certain social group. Economuc siabilizatton was used to indicate the cconomic existence
of an artifact—ts having a markel. Both: concepts are used n a continuous and
relative way, thus requiring phrases such as “the degree of reification of the high-
wheeier is Aigher 1n the group of young men of means and ncrve than o the group of
elderty men.”

34. The use of the concepts of interpretative flexibility and rhetorical closure
science cases is illustrated by Pinch and Bijker (1984).

35. Advertisements seem Lo constitute a large and potennially frustful data source for
empirncal social studics of technology. The considerations that professional adverus-
ing designers give to differences among various “consumer groups” obviousty fit our
use of different relevant groups. See, for example, Schwartz Cowan (1983) and Bijker
{this volume]).

36. The concept ol translagion is fruitlully used m an extended way by Callon
(1980b, 1981b, 1986), Callon and Law (1982), and Latour (1983, 1984},

37, A model of such a “stage 3" explanation 1s offered by Collins (1983a).

38. Historeeal studies that address the third stage may be a useful guide here. See, for
example, MacKenzie (1978), Shapin {1579, 1984}, and Shapin and Schaffer (1985}



