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To everything there is a season . . . a time to break down, and a time to 

build up.

ECCLESIASTES 





C O N T E N T S

List of Illustrations / ix

Preface and Acknowledgments / xi

I N T R O D U C T I O N / Why Expertise? / 1

O N E  / The Periodic Table of Expertises 1: Ubiquitous and 

Specialist Expertises / 13

T W O / The Periodic Table of Expertises 2: Meta-expertises and 

Meta-criteria / 45

T H R E E  / Interactional Expertise and Embodiment / 77

F O U R / Walking the Talk: Experiments on Color Blindness, 

Perfect Pitch, and Gravitational Waves / 91

F I V E  / New Demarcation Criteria / 113

C O N C L U S I O N / Science, the Citizen, and the Role of Social Science / 134

A P P E N D I X  / Waves of Science Studies / 143

Bibliography / 147

Index / 155





I L L U S T R A T I O N S

Figures

1. Is the “intelligent computer” text or practice? / 29

2. The sociologist delighted with interactional expertise / 31

3. Relationships among some expertises / 40

4. Contributory and interactional expertises in fi elds of science / 75

5. Socialization experiments with color blindness, 

perfect pitch, and gravitational waves / 93

6. Results of proof of concept experiments / 98

7. The chain of meaning / 121

8. The idea of family resemblance / 128

Tables

1. The periodic table of expertises / 14

2. The lower part of the periodic table of expertises / 46

3. Expected outcomes of socialization experiments / 96

4. Phase 2 chance condition guesses / 100

5. Some gravitational wave questions and answers / 105





P R E F A C E  A N D  A C K N O W L E D G M E N T S

This book is the outcome of a long and diffi cult journey which began in 

earnest in the mid-1990s. We thank a Cardiff University group who in 

those early days helped to put together a research grant bid on expertise 

in the public domain. We did not get the grant but we worked out a lot of 

ideas with the team. The loyal members of the weekly KES group semi-

nar have helped us refi ne the ideas in the intervening years. We thank 

Tammy Boyce, Simon Cole, Mike Gorman, and the late Jon Murdoch for 

their work on previous versions of this project and for their endless tol-

erance. We also thank those who volunteered to read early drafts for us 

and offered us support as academic colleagues; Martin Kusch and Evan 

Selinger are but two of a larger number. We are grateful to the wonder-

fully positive and engaged audiences at the many lively conferences, 

workshops, and seminars where we have presented aspects of this thesis, 

and we thank those who have already chosen to use these ideas in their 

work. We even thank those colleagues whose attempts to stop our work 

from being published, or even referenced, make novels of academic life 

seem dull; they reassured us that whatever we were doing it was not run-

of-the-mill. And we especially thank those of our referees who grasped 

the spirit of our project before criticizing—we learned much from them. 

The University of Chicago Press has been wonderful throughout. Joel 

Score was assiduous and perceptive in helping us polish the fi nal text. We 

owe a special debt to our commissioning editor, Catherine Rice, for her 

courage. During the diffi cult times, Chicago, Catherine, and, at the fi nal 

stage, Christie Henry, did everything right.





I N T R O D U C T I O N

Why Expertise?

Science, if it can deliver truth, cannot deliver it at the speed of politics. 

The idea that science would one day be able to solve all problems by the 

application of logic and experiment began to fail at the beginning of the 

twentieth century. Quantum theory, Gödel’s proof, the turning in on 

themselves of philosophies such as logical positivism and, more recently, 

the rediscovery of chaos, have shown that, as in the nightmare, the train 

of a perfect science is always leaving the station just as you get there. And 

those are just the “internal” problems.

In the middle of the century Thomas Kuhn’s famous book The Structure 

of Scientifi c Revolutions was seen by some to replace the idea of orderly prog-

ress in science with mob psychology. Subsequently a series of carefully 

documented studies of the day-to-day unfolding of scientifi c life, espe-

cially scientifi c controversies, showed that the “canonical model” of sci-

ence did not coincide with the practice itself. The latter part of the century 

saw a growing public distrust in science springing from the highly visible 

failures of major technologies and the disasters associated with them, from 

the manifest politicization of debates about scientifi c progress in fi elds 

related to biology, and from the evermore evident lack of exact under-

standing by scientists of the legacy of fi ssion power and the risks posed by 

new agricultural practices. Political movements associated with environ-

mentalism and animal rights have bolstered the distrust in science and 

technology, while the detailed studies of science which emerged from the 

social sciences have been swamped by the much more widespread move-

ment known as “postmodernism” springing from the literary criticism.

Taken together, these tendencies seem to have given rise to a Weltan-

schauung in which we no longer understand how to balance science and 

technology against general opinion. In today’s world the scales upon 
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which science is weighed sometimes tip to the point where ordinary peo-

ple are said to have a more profound grasp of technology than do sci-

entists. Our loss of confi dence in experts and expertise seems poised to 

usher in an age of technological populism.

We need a way to speak and think about science and technology that is 

not hostage to science’s newfound epistemological weaknesses and short-

term political impotence. In this book we move from evaluating science as 

a provider of truth to analyzing the meaning of the expertise upon which 

the practice of science and technology rests. Perhaps this will help us 

understand how it can be that though science and technology do not touch 

the divine they are still the best way to distill human experience of an 

uncertain world. The underlying assumption of this analysis is that, other 

things being equal, we ought to prefer the judgments of those who “know 

what they are talking about.” This does not mean that correct judgments 

are always made by those who know what they are talking about. On the 

contrary, a good part of the time experts’ judgments turn out to be wrong. 

In some cases we know in advance that experts’ judgments are likely to 

be wrong because they have been so wrong in the past. The assumption 

means simply that in spite of the fallibility of those who know what they 

are talking about, their advice is likely to be no worse, and may be better, 

than those who do not know what they are talking about. Of course, this 

commonsense notion rests on a raft of ambiguities, for example, the ques-

tion of exactly what it is that is being talked about in any particular case. 

We will return to these problems after the technical discussion. First we 

need to work out what it means to know what you are talking about.

To understand what it is to know or not know what you are talking 

about we need a new sociology of expertise. There is already a sociology 

of the acquisition of expert status which shows that coming to be called 

an expert may have little to do with the possession of real and substan-

tive expertise. This book is not intended to add to the analysis of the pro-

cess by which experts acquire expert status; it is meant to make a contribu-

tion to the process. It is meant to increase the chance that the process of 

coming to be called an expert will have more to do with the possession of 

real and substantive expertise. To treat expertise as real and substantive is 

to treat it as something other than relational. Relational approaches take 

expertise to be a matter of experts’ relations with others. The notion that 

expertise is only an “attribution”—the, often retrospective, assignment 

of a label—is an example of a relational theory. The realist approach 

adopted here is different. It starts from the view that expertise is the 

real and substantive possession of groups of experts and that individu-
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als acquire real and substantive expertise through their membership of 

those groups. Acquiring expertise is, therefore, a social process—a mat-

ter of socialization into the practices of an expert group—and expertise 

can be lost if time is spent away from the group. Acquiring expertise is, 

however, more than attribution by a social group even though acquiring 

it is a social process; socialization takes time and effort on the part of the 

putative expert. In the case of relational theories, on the other hand, all 

the work is done by the attributors. Under our treatment, then, individu-

als may or may not possess expertise independently of whether others 

think they possess expertise.

To give a simple example, in France everyone can speak French, “even 

the little children,” and it is not thought of as an expertise. On the other 

hand, in Britain a person who is fl uent in French is thought of as an expert 

and can, for example, command a salary as a translator or teacher. It’s the 

opposite way round in France, where it is speaking English that counts as 

the useful expertise. In a purely relational theory the expertise involved 

in speaking French and English is no more nor less than that attributed 

to speakers of the languages in their respective countries. In a realist/sub-

stantive analysis, on the other hand, the degree of expertise in speaking a 

language remains the same in whichever country the language is spoken.

Equating the ubiquity of an expertise with the absence of an exper-

tise has been responsible for some serious mistakes. For example, before 

attempts were made to make natural-language-handling computers, the 

deep diffi culties of speaking a language were not understood. During that 

period a mistake was being made in treating native language-speaking as 

easy, a mistake that revealed itself soon after attempts were made to con-

struct machines to do it. Relational or attributional theories have no way 

of discussing whether language-handling computers really are capable of 

performing as advertised or why they might not be. Under relational theo-

ries the success of language-handling computers is a matter of their degree 

of acceptance by their users; under a realist/substantive theory differ-

ences between computers’ and humans’ language handling would remain 

salient even if computers turned out to be so useful in practice in spite 

of their poor language handling that, in day-to-day life, people ceased to 

notice the difference between their performance and that of humans.

In chapters 1 and 2 we present ways to think about the substance of 

expertise organized in a table which, “to get the ball rolling,” we call the 

“Periodic Table of Expertises.” The special claim of our classifi cation is 

that it has an internal structure that makes it more than a hierarchy. It 

is theory-laden, the idea of tacit knowledge being the chief organizing 
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principle.1 One of the new distinctions in “The Table,” that between inter-

actional and contributory expertise, will be analyzed in depth and even 

empirically investigated. In due course we hope that other distinctions 

found in the table might be similarly treated.2 If the approach is success-

ful, it will make it seem odd and crude that anyone would ever have spo-

ken simply of the rights of “experts” on the one hand and “laypersons” 

on the other without taking into account the many different ways of 

being an expert, the distribution of differing expertises among different 

groups, and the relations between these groups.

A word of warning: however much we analyze expertise, we are not 

going to be able to develop a complete solution to the problem of the 

relationship between experts and specialists on the one hand, and lead-

ers, generalists, and democracy on the other. The argument is at least as 

old the Greek city state. Plato’s Philosopher Kings may have been experts, 

but the question remained: “Who shall guard the guardians?” The unre-

solved tension between expertise and democracy reappears wherever 

experts and specialists have found themselves engaged with other groups, 

not least in the contemporary debate about science and the citizen. The 

debate occurs within science itself as experiments become so large that 

professionals such as managers, accountants, and engineers have to be 

brought in to run them. Who ran the Manhattan Project? Was it Robert 

Oppenheimer or General Groves? Did even Oppenheimer have a com-

plete grasp of all the science he was supposed to be leading? As the key 

phrase from old debates about the relationship between scientists and 

the British Civil Service put it, should scientists be “on top” or “on tap”? 

Should the Civil Service itself be run by generalist administrators, or 

should specialists play a more important role? Did Senator Proxmire have 

any right in the 1970s and 1980s to claim that he could spot when a sci-

entifi c project funded by the National Science Foundation was a sham—

a “golden fl eece,” as he called it—or was he an ignoramus who should 

have left scientifi c judgments to the tacit instincts of scientists inhabiting 

Michael Polanyi’s “Republic of Science?”3

1. For a discussion of the uses of tacit knowledge, see Collins 2001a.

2. A start has been made on a more substantial study of “referred expertise” in Collins 

and Sanders 2008 (forthcoming).

3. See Thorpe 2002 for a discussion of Oppenheimer and leadership. See Collins 2004a 

for a detailed case study of the strains within the Laser Interferometer Gravitational Wave 

Observatory project as it grew from “small” to “big.” Polanyi, e.g. 1962, put forward the 

idea of the Republic of Science. 
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The puzzle is also found well outside the sphere of science and technol-

ogy. What should be the relationship of anthropologists to native peoples 

and of colonialists to the people of the countries they colonize? How well 

do you need to understand the people to know what is best for them? Are 

outsiders bound always to work from their own self- interests or frames of 

reference in the absence of deep understanding of the other’s world? The 

modern academic version of this debate is found in extreme standpoint 

epistemologies and the politicization of academic studies of minorities. 

Is it the case that only blacks can do deep academic research on blacks, 

women on women, and the profoundly deaf on the profoundly deaf? 

Turning away from academia to industry, do corporate managers need 

to understand the work of the specialists who design and produce the 

products upon which their fi rms depend, or is it the case that all manage-

ment is the same? Lord Campbell, talking of his management of London 

Weekend TV, once put it this way:

You unit heads may think that managing talented producers and perform-

ers raises special problems but I have been in sugar all my life and I can 

assure you that the management of people in television is precisely the 

same as the management of sugar workers.4

Perhaps industries would be healthier if specialists and scientists more 

often found their way onto the boards of companies, perhaps not.

The “Folk Wisdom” View

The recent twist in this old debate is the “folk wisdom” view—the claim 

that ordinary people are wiser than experts in some technical areas. For 

example, consider this comment, quoted in a 1999 British report, The 

Politics of GM Food:

“Many of the public, far from requiring a better understanding of sci-

ence, are well informed about scientifi c advance and new technologies 

and highly sophisticated in their thinking on the issues. Many ‘ordinary’ 

people demonstrate a thorough grasp of issues such as uncertainty: if any-

4. Quoted in Muir 1997, 324–25. Muir is explaining the mass defection of program 

makers from London Weekend Television when, in the 1970s, the Board of Directors sacked 

their talented boss.
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thing, the public are ahead of many scientists and policy advisors in their 

instinctive feeling for a need to act in a precautionary way.” 5

It is interesting and surprising to compare the folk wisdom view with 

the other instances of the debate about the value of specialist expertise 

listed above—there are some strange bedfellows! For example, under the 

folk wisdom view it is the ordinary person that is said to understand the 

closed and narrow world of science merely by observing its surface—just 

as the colonialists and Victorian anthropologists were said to be able to 

understand the world of the natives without direct experience. Here the 

ordinary people are thrust into a position like that of the elite, Oxbridge-

trained, amateurs of the pre-Fulton Report British Civil Service—”we do 

not need experts among us, good thinking is suffi cient.”6 Likewise, we 

fi nd the ordinary person being given the same role in respect of expertise 

as that of Senator Proxmire and Lord Campbell. Finally, we fi nd, implic-

itly, that the ordinary people are not in need of the specialist experience 

championed by those who believe in extreme standpoint epistemologies 

when it comes to understanding and researching ethnic or other minor-

ity groups. Could it be that under this implicit model it is the ordinary 

person represented by Alf Garnett (‘Til Death Do Us Part) or Archie Bun-

ker (All in the Family), who must be taken to hold a robust, common-

sense view of minorities, in no need of refi nement from arcane academic 

 analysis?

Strangely, all this runs counter to another central theme in the social 

analysis of science—the idea that genuine understanding involves tacit 

knowledge. Tacit knowledge is the deep understanding one can only gain 

through social immersion in groups who possess it. Indeed, it has been 

claimed that most of those distant from the research front of science 

live their lives in a world of false certainties—sometimes positive, some-

times negative. “Distance lends enchantment” is the phrase that has been 

applied to this perspective, because from far away it is hard if not impos-

sible to discern the complexities which lead scientists to be cautious in 

making claims. Just as one sees only the fi gure and not the blobs and 

smears of paint that make it up as one steps back from a painting, the dis-

5. The Politics of GM Food: Risk, Science and Public Trust (Swindon: Economic and Social 

Research Council, ESRC Special Briefi ng No. 5, October 1999), quoted at page 4. We will 

examine this report in greater detail in the Conclusion. For a description of more sources of 

the folk wisdom view in modern social studies of science, see Kusch 2007.

6. See Fulton 1968 and Hennessy 1989.
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tanced view of science presents an illusory sharpness. It is the idea of tacit 

knowledge developed through practice that lies at the core of our analysis 

of expertise and upon which the Periodic Table of Expertises rests. There 

is an evident confl ict between the idea of tacit knowledge and the folk 

wisdom view.

Another guiding principle of this book is that humans are unique in 

the way they share tacit knowledge. Humans have an ability to develop 

and maintain complex bodies of tacit knowledge in social groups that is 

not possessed by non-human entities.7 Humans can share this knowledge 

with new members of the group in ways they cannot explicate. The point 

can, once more, be made with the example of natural language- speaking. 

No non-human entity has the fl uency in natural human languages that 

comes naturally to most humans. Humans learn a natural language by 

being immersed in the social group to which the language belongs, and 

they maintain their fl uency by continual social interaction with the group. 

This way of acquiring and maintaining fl uency in a human language is 

beyond the capacity of any known nonhuman entity, whether artifi cial 

intelligence or biological organism. Mere physical proximity to the rel-

evant groups is not enough. Dogs, cats, chimpanzees (arguably), humans 

with brain damage, and those who were not taught language early enough 

in their lives, and computers, are regularly exposed to language- speaking 

groups, yet they do not become fl uent. Most of the levels of expertise 

set out in the Periodic Table are analogous to natural languages; they 

are learned through social interaction and they are maintained through 

social interaction. As with language, so with the expertises analogous to 

language—coming to “know what you are talking about” implies success-

ful embedding within the social group that embodies the expertise.

The theoretical ideas we are putting forward are easy to caricature, so 

here are some caveats:

1.  We are trying to analyze expertise and defi ne types of expert. This is not 

the same as actually making technical decisions or even helping the class 

of technical experts in their decision-making except insofar as defi ning 

types of expertise and types of expert may contribute to a judgment. Our 

own technical expertise is a “meta-expertise.” It is about making judg-

ments about experts and expertise from within our own expertise—a 

philosophically orientated social science.

7. The popular “Actor/Actant Network Theory” ignores all this.
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2.  We are not claiming that all technical decisions in the public domain 

should simply be left to experts or even that we always know who the 

experts are. All such decisions take place in a political context that bears 

on both problems. We are saying that we must leave a logical space for 

certain types of expertise to be recognized independently of politics.

3.  To analyze expertise is not to establish Philosopher Kings or their expert 

equivalents. First, this is because, at best, we are talking only about 

technical expertises. Political choice is a domain which we do not con-

sider to be technical. Failing to maintain a distinction between science 

and technology, on the one hand, and politics on the other, leads to 

the stark choice between technological populism, in which there are no 

experts, and fascism, in which the only political rights are those gained 

through supposed technical expertise. In this book we try to demarcate a 

domain of expertise but only within the technical component of realms 

which have a technical component. Democracy cannot dominate every 

domain—that would destroy expertise—and expertise cannot dominate 

every domain—that would destroy democracy.

4.  We make no claim here to be able to distinguish between experts who 

have integrity and those who acquire expertise, genuine or assumed, in 

order to pursue a disguised self-interest. It goes without saying that we 

condemn such persons.

5.  The science establishment has for too long had an unhealthy monopoly 

on scientifi c and technological judgment and on the way questions that 

contain a technological element have been framed. The inappropriateness 

of this monopoly ought to obvious even within the technical domain: 

the technical point is that, at best, scientifi c knowledge takes a long time 

to make and therefore scientists are often pressed to make authoritative 

decisions on technical matters before there is any consensual scientifi c 

knowledge on which to base them. In general, the speed of politics exceeds 

the speed of scientifi c consensus formation. As a result too much greed for sci-

entifi c authority is bad for science, forcing scientists to act in scientifi cally 

inauthentic ways. Yet, too often, science’s spokespersons have claimed to 

be the custodians of universal truths akin to those offered by morality 

or religion. Ownership of the universal and eternal has to be given up if 

the defense of science is to have integrity. We have to understand how to 

use a fallible science and technology, as science and technology, in the long 

and sometimes indefi nite run-in to what comes to count as scientifi c fact. 

The problem is not one of epistemology. It is simply a matter of how to 

use science and technology before there is consensus in the technical 

 community.
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The Problem of Legitimacy and the Problem of Extension

In retrospect one can see that logic and science are always too fragile for the 

purposes of policy-making because they are too pure. Their strength is like 

that of glass—hard and rigid but vulnerable to a single dislocation—and 

cracks are always appearing. For the material of technical policy-making, 

even in those realms where we are more rather than less confi dent about 

being able to demarcate the technical from the political, we need some-

thing mixed and tangled. We need something that resists even after it has 

been repeatedly battered and dented. We need something like a hawthorn 

hedge, or reinforced concrete, or earthworks; smash into such structures 

and though you make take lumps out of them they still stand. Our raw 

material is expertise mixed with experience. Our goal is to analyze this 

aggregate substance.

To re-express these sentiments in terms of the immediate problems 

that face Western societies, we want to ease the tension between the 

“Problem of Legitimacy” and the “Problem of Extension.” The Problem 

of Legitimacy is about how we can continue to introduce new technolo-

gies in the face of the widespread and growing distrust of certain areas 

of science and technology.8 The proper and sensible solution has been to 

extend the involvement of the public in the decisions. Greater dialogue 

between the science “establishment” and the public is now routinely 

demanded along with increased participation in science and technol-

ogy decision-making. For example, in Britain, the Report of the House of 

Lords Science and Technology Committee recommended:

That direct dialogue with the public should move from being an optional 

add-on to science-based policy-making and to the activities of research 

organisations and learned institutions, and should become a normal and 

integral part of the process.9

8. The problem of legitimacy has to be understood against a background of survey data 

that suggests that public perceptions of science are generally positive. It is wrong to think of 

“the public” as an undifferentiated mass with a monolithic view. The sense of crisis applies 

only to certain salient cases where the public is deeply and immediately implicated. Lawless 

(1977) discusses 45 cases of controversial science in the USA that occurred between 1948 

and 1973 and lists many more, and the problem seems to be becoming more salient. 

9. House of Lords 2000, paragraph 5.48. See also the Science and Society report (House 

of Lords Science and Technology Committee 2000), and the White Paper on European 

Governance (European Commission 2001), which has prompted work under the Euro-

pean Unions Framework 6 “Science and Society” program. For example, the “Science 

and Governance” theme has produced guidelines for use of expert advisers (European 
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Greater involvement of the public has, however, given rise to the “Prob-

lem of Extension”: how do we know how, when, and why, to limit partici-

pation in technological decision-making so that the boundary between 

the knowledge of the expert and that of the layperson does not dis-

appear? Perhaps an analysis of expertise will help to resolve the Problem 

of Extension while not destroying the more well-worked-out attempts to 

solve the Problem of Legitimacy.

Scientism

Our argument is founded in the critique of science and technology that 

has been developed, most notably in the social sciences, over the last 

three decades. Nevertheless, we defend science against those who do not 

share our view that it still has a special epistemological warrant and a 

central and vital place in Western democracies. The social psychology 

and politics of polarization has and will ensure that we will be read as 

putting forward a view that is not ours. We have and will be said to be 

putting forward a pro-science view redolent of the 1950s. Thus some of 

the arguments put forward here have been referred to as “scientism,” and 

this gives us an opportunity to try once more to clarify what we are doing. 

For our purposes we can defi ne four kinds of scientism:10

•  Scientism1: An overpedantic cleaving to some canonical model of scien-

tifi c method or reasoning.

•  Scientism2: Scientifi c fundamentalism: a zealot-like view that the only 

sound answer to any question is to be found in science or scientifi c method.

•  Scientism3: The view that narrowly framed “propositional questions” posed 

by scientifi c experts are the only legitimate way to approach a debate con-

Commission 2002) and has plans to promote the involvement of citizens in “dialogue 

and participation.” Further information about the program is available at: http://europa.

eu.int/comm/research/science-society/index_en.html (accessed 17 December 2003). Guid-

ance on how government departments should put these principles into practice is given 

in the Offi ce of Science and Technology publication Guidelines 2000 (OST 2000) and in 

the Code of Conduct for Written Consultations originally produced by the Cabinet Offi ce 

in 2000 and updated in  2005 (Cabinet Offi ce 2000, 2005). In the USA the Loka Insti-

tute is a nonprofi t organization that campaigns for more socially responsive science and 

technology policies. It organized the fi rst “consensus conference” in the USA (e.g., see 

Guston 1999) and has run citizen panels on “Telecommunications and the Future of 

Democracy” (Sclove 1997). See also http://www.loka.org (accessed 17 December 2003).

10. Wynne (2003) applies the scientism label to the kind of work presented here. There 

are, of course, many other ways of classifying kinds of scientism. The term has a strong over-

lap with some uses of positivism, for which Halfpenny (1982) fi nds twenty-one  variants.
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cerned with science and technology in the public domain; this goes along 

with blindness to the political embeddedness of such questions.

•  Scientism4: The view that science should be treated not just as a resource, 

but as a central element of our culture.

Insofar as the position put forward in this book is scientistic, it is a mat-

ter of scientism4. The other three kinds of scientism are rejected. What 

is included in scientism4 is a preference for the norms and culture of 

 evidence-based scientifi c argument. This preference cannot be relin-

quished in the process of policy-making without giving up much more 

than most of the readers of this book would want to surrender. (In chap-

ter 5 we will also defi ne “artism.”)

The Structure of the Book

In chapter 1 we begin the analysis of expertise. It starts with the Peri-

odic Table of Expertises. The table is a classifi cation of the expertises that 

individuals might draw on when they make technical judgments. At the 

outset of chapter 1 there is a short overview of the structure of the table. 

Chapter 2 continues the exploration of the Periodic Table, concentrating 

on meta-expertises—expertises used to judge other expertises. At the end 

of chapter 2 the distinctions developed in the table are summarized.

The next two chapters of the book are a detailed exploration of one 

new category of expertise, “interactional expertise.” Chapter 3 is a philo-

sophical examination of the idea of interactional expertise, contrasting 

our position with that of some other approaches, in particular the notion 

of “embodiment” as developed by Hubert Dreyfus. The notion of inter-

actional expertise gives an importance to language communities that is 

overlooked by those who stress the importance of the individual body in 

the development of expertises.

Chapter 4 reports some “imitation game” experiments designed to 

explore the notion of interactional expertise. We compare the linguis-

tic abilities of the color-blind and the “pitch-blind”—those who do not 

have perfect pitch. These experiments explore the “strong interactional 

hypothesis”—that those with maximal interactional expertise are indis-

tinguishable from those with contributory expertise in linguistic tests. 

Chapter 4 fi nishes with an indication of the meaning of this fi nding in 

the case of gravitational wave science.

Chapters 3 and 4 indicate the range of discussion and investigation 

opened up by a realist theory of expertise. Though this book concentrates 
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on interactional expertise, in due course the other categories could be 

explored in similar depth.

The fi nal chapter, chapter 5, returns to the more speculative themes 

opened up in this introduction. Having developed a realist theory of 

expertise we ask how it could be used in technological decision-making 

in the public domain. It could not be used without separating the sci-

ences and technologies from expertise-laden activities which are not sci-

ences and technologies. Therefore the last chapter concentrates on new 

demarcation criteria between science and the arts, science and politics, 

and science and pseudo-science. We hope this chapter will revitalize the 

debate about the difference between science and technology and other 

cultural endeavors.



C H A P T E R  O N E

The Periodic Table of Expertises 1: 

Ubiquitous and Specialist Expertises

The Periodic Table Introduced

Table 1 is the Periodic Table of Expertises—a table of the expertises that 

might be used when individuals make judgments. The table is drawn in 

two dimensions, but every now and again, as indicated below, a third 

dimension would be useful. This chapter deals mainly with the fi rst 

three rows. The next chapter deals mainly with the bottom two rows—

Meta-Expertises and Meta-Criteria. We begin, however, with a sum-

mary  explanation of the whole table that can act as a map or “ready 

 reference”—a quick reminder of the whole structure and the meaning of 

any  particular category. At the end of chapter 2 we will provide another 

summary for those who have read through the details.

Working from the top of the table, ubiquitous expertises are those, such 

as natural language-speaking, which every member of a society must pos-

sess in order to live in it; when one has a ubiquitous expertise one has, by 

defi nition, a huge body of tacit knowledge—things you just know how to 

do without being able to explain the rules for how you do them. This row 

of the table also includes all those expertises one needs to make political 

judgments. Below this line the table is exclusively concerned with techni-

cal expertises—those that have science and technology content.

Dispositions are not very important to the conceptual structure of the 

table; they are personal qualities—the ones we discuss are linguistic fl u-

ency and analytic fl air.

The next row deals with the specialist expertises. Low levels of specialist 

expertise are better described as levels of knowledge—like knowledge of 

the kind of facts needed to succeed in general knowledge quizzes. One 

may be able to recite a lot of such fact-like things without being able to do 
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anything much as a result except succeed in quizzes. Three low levels of 

expertise are listed on the left-hand side of the specialist expertise rows 

of the table. It is important to note that acquiring low levels of expertise 

seems like a trivial accomplishment only to those who already possess 

ubiquitous expertise; acquisition of even these low levels rests on the 

prior acquisition of a vast, but generally unnoticed, foundation of ubiq-

uitous expertise.

To acquire higher levels of specialist expertise, more than ubiqui-

tous expertise is needed. To go further along row three it is necessary to 

immerse oneself in a domain so as to acquire specialist tacit knowledge, not 

just learn more facts or fact-like relationships. Two categories of higher 

level expertise are found at the right hand end of the specialist expertise 

rows. The highest level is contributory expertise, which is what you need to 

do an activity with competence. Just below this, however, is inter actional 

expertise, which is the ability to master the language of a specialist domain 

in the absence of practical competence. The idea of interactional exper-

tise is immanent in many roles, from peer reviewer to high-level journal-

ist, not to mention sociologist or anthropologist, but it seems not to have 

been discussed before in an explicit way. A good proportion of the book 

is taken up with explaining the notion of interactional expertise because 

it is a new concept.

Table 1: The periodic table of expertises
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Moving down to the fourth row we encounter meta-expertises. The fi rst 

set of two meta-expertises are the prerogative of judges who, not pos-

sessing the expertise in question, make judgments about experts who do 

 possess it. This is done by judging the experts’ demeanor, the internal 

consistency of their remarks, the appropriateness of their social locations, 

and so forth. These are “transmuted expertises” because they use social 

discrimination to produce technical discrimination. The fi rst kind of dis-

crimination depends on the kind of ubiquitous expertise one gains in a 

democratic society as one learns to choose between politicians, salesper-

sons, service providers, and so forth. The second kind of discrimination 

depends on local knowledge about those around you. The second set of 

three meta-expertises do not depend on transmutation, as they are based 

on possessing one level or another of the expertise being judged. Technical 

connoisseurship is like the expertise of art critics or wine buffs who, cru-

cially, are not themselves artists or wine-makers. The middle of the three 

categories relates to what we most naturally think of as skillful  judgment—

where one specialist judges another. There are three directions in which 

this middle category of judgment can be made: an expert can judge some-

one who is still more expert, an expert can judge someone equally expert, 

or an expert can judge someone less expert. Mostly experts think they are 

pretty good at judging in any of the three directions, but we argue that 

only the downward direction is reliable, the other directions tending to 

lead to wrong impressions of reliability or irresolvable disputes. The one 

reliable category which appears in the table is, therefore, labeled down-

ward discrimination. Referred expertise is the use of an expertise learned 

in one domain within another domain. In the chapter we use examples 

drawn from the management of large scientifi c projects, where a manager 

moves from one to another, to illustrate the concept.

The fi nal row of the table refers to the criteria that outsiders try to use 

to judge between experts to avoid having to make the more diffi cult kind 

of judgments described above. They can check expert’s qualifi cations, 

they can check expert’s track records of success, or, what we argue is the 

best method of the criterion-based judgment, they can assess the expert’s 

experience.

Ubiquitous Expertises

We now move on to a more detailed analysis of each category of  expertise 

starting with the top row. Ordinary people are talented and skillful almost 

beyond comprehension. We can say “almost beyond  comprehension” with 
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confi dence because a lot of very clever people have tried to encapsulate the 

talents of ordinary people in computer programs, entirely failing to real-

ize how hard a task it would be.1 What we will call “ubiquitous expertises” 

include all the endlessly indescribable skills it takes to live in a human 

society; these were once thought of as trivial accomplishments.2 For any 

specifi c society, its “form of life” or “culture” provides, and is enabled 

by, the content of the ubiquitous expertises of its members. Fluency in 

the natural language of the society is just one example of a ubiquitous 

expertise. Others include moral sensibility and political  discrimination. 

These are abilities that people acquire as they learn to navigate their way 

through life. In the case of ubiquitous expertises the Problem of Exten-

sion ceases to have any practical signifi cance because almost everyone is 

a genuine contributory expert.3 Thus, when we say that the folk wisdom 

view is often misplaced we do not mean that ordinary people do not have 

expertise, we mean only that the ubiquitous expertise of ordinary people 

should not be confused with the expertise of technical specialists. What 

1. We have already mentioned how this mistake was made by the pioneers of natural-

language-handling computers.

2. For a discussion of the fact that the so-called unskilled persons who work in McDon-

ald’s restaurants actually have a huge depth of ubiquitous expertise, see Collins and Kusch 

1998, chap. 8. Here is a clear case where the lack of scarcity value of an expertise has been 

taken to mean that it is easy.

We refer to ubiquitous expertises because the antonym of esoteric is “exoteric,” which 

the Chamber’s Dictionary defi nes as “intelligible to the uninitiated; popular or common-

place.” This defi nition renders the word “exoteric” inappropriate when paired with exper-

tise because by defi nition you cannot have expertise which is intelligible to the uninitiated: 

expertise is available only to the initiated or experienced. Our distrust of the term “lay 

expertise” also has its roots in the defi nition. The Chambers Dictionary defi nes a layman as 

follows: one of the laity; a nonprofessional person; someone who is not an expert. But all 

laypersons possess ubiquitous expertises.

The Aristotelian term phronesis, being some sort of combination of prudence and 

 wisdom—a practical wisdom in a moral setting—captures part of the notion of ubiquitous 

expertise but not that part represented by language-speaking and the like. 

3. The success of lawyers suing fi rms such as MacDonald’s for selling over-hot coffee, 

and the consequent growth of warnings and safeguards surrounding every consumer good, 

is patronizing—treating the public as incapable of learning the rules of ordinary living 

through the normal processes of socialization. 

Technical expertises can be ubiquitous in certain societies and not in others—for exam-

ple, the ability to wire a plug or mend a fuse. In the Society of Social Studies of Science 

meeting in Pasadena in 2005, Wiebe Bijker suggested that the Dutch population as a whole 

had suffi cient expertise in dam-building to contribute to public debates about new projects 

in contrast to what everyone agreed was a low level of expertise in the working of levees 

among the general population of Louisiana. Whether this claim is true or not remains to be 

proved, but it is an intriguing suggestion that is central to the concerns of this book.
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we are arguing is that we must preserve a logical space for expertises that 

are not the property of the general public; it is impossible for the general 

public to have expertise in every specialist technical domain even though 

they have a vast store of ubiquitous expertise.

Before passing to specialist domains it is worth noting that just 

because some of the things we can all do are hugely skillful it does not 

mean that all the things we can all do are hugely skillful and this includes 

things of which we have great experience. For example, one might have 

huge experience of lying in bed in the morning, but this does not make 

one an expert at it (except in an amusing ironic sense). Why not? Because 

anyone could master it immediately without practice, so nothing in the 

way of skill has been gained through the experience.

Now we turn to the central question of how much expertise in spe-

cialist domains it is possible for ordinary people to have. To answer the 

question we need to think about ways of having specialist expertise. We 

can construct a rough ladder of knowledge about, or expertise in, special-

ist domains. No doubt the bottom of the ladder could be divided up in 

more or less ways and along different dimensions, but we need to start 

with something.

As explained, our model is human-centered. At some stage all human 

expertise touches on tacit knowledge, that is, an understanding of rules 

that cannot be expressed. It is the inexpressibility of the rules of ubiqui-

tous expertises that make them so hard to capture in computers. The idea 

of tacit knowledge will be discussed further in chapter 3, but for now we 

need to note only that tacit knowledge enters into knowledge acquisition 

in two ways. Some kinds of knowledge acquisition amount to the acquisi-

tion of additional specialist tacit knowledge; other kinds of knowledge 

acquisition involve the exercise of tacit knowledge in the course of the 

acquisition of information. In the second kind of knowledge acquisition, 

the tacit knowledge used is that found in ubiquitous expertises. For exam-

ple, the exercise of the ubiquitous expertise associated with language can 

be used to acquire new information (explicit knowledge) through read-

ing or listening without interactive discourse. The fi rst rungs of a ladder 

of specialist expertise involve only ubiquitous tacit knowledge used in 

this way. The higher level rungs require immersion in the tacit knowledge 

of the specialist domain so that more tacit knowledge can be acquired. 

For example, mastery of even a widely distributed tacit- knowledge-laden 

expertise such as car-driving needs practice at car-driving and inter-

nalization of the unspoken rules of road-craft. Likewise, becoming a 
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full-blown specialist in a scientifi c or technical domain requires immer-

sion in the society of the domain specialists. This gives us an initial 

 division of types of expertise: those that can be acquired using only ubiq-

uitous tacit knowledge and those that involve specialist tacit knowledge.4

Expertises Involving Only Ubiquitous Tacit Knowledge

Beer-Mat Knowledge

So far we have established than an essential component of any ladder 

of human expertise is ubiquitous expertise. The fi rst rung of the specialist 

ladder is what we will call “beer-mat knowledge.” Consider the following 

explanation of how a hologram works:

A hologram is like a 3 dimensional photograph—one you can look right 

into. In an ordinary snapshot, the picture you see is of an object viewed 

from one position by a camera in normal light.

The difference with a hologram is that the object has been photo-

graphed in laser light, split to go all around the object. The result—a truly 

3 dimensional picture!

This explanation, found on a beer mat made for the Babycham company 

in 1985, appears to give an answer to the question “What Is a Hologram?” 

It is capable, presumably, of making at least some people feel that they 

now know more about holograms. The words on the beer mat are not 

simply nonsense nor could they be taken to be, say, a riddle or a joke. 

Presumably there are people now alive who have studied the beer mat 

and, if asked: “Do you know how a hologram works?” would reply: “Yes,” 

whereas immediately before they had read the beer mat they would have 

answered: “No,” to the same question. So what increment in expertise 

does someone have in consequence of perusing the beer mat?

Let us investigate by analyzing another such thing that one might 

know, the rule for the move of the bishop in chess. The rule, and we 

might well read it on a beer mat or something similar, is “the bishop 

may move, only diagonally, any distance, backwards or forwards.” But 

it is possible to know this rule in more than one way. One might know 

4. Notice that an expertise such as skillful car-driving is very widely distributed but it 

is not ubiquitous. Car-driving is not learned integrally with learning to live in society but 

needs specialist training and the specialist tacit knowledge that goes along with it, even 

though nearly everyone in certain societies can do it.
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it in the same way as an observant Jew or religious Catholic might know 

how to recite certain prayers in Hebrew or Latin respectively but without 

knowing their meaning. Thus, knowing how to “chant” the bishop’s move 

might enable one to score a point in a board game such as Trivial Pursuit, 

which is intended to discriminate between levels of general knowledge. 

Crucially, knowing the bishop’s move in that way does not imply that one 

knows much about what it might mean. For example, you can know it 

in the beer mat/Trivial Pursuit way without knowing that the term “any 

distance” within the rule is to be measured in squares on the chess board 

and that it can never be more than seven squares nor that “any distance” 

means only so long as the path is not blocked by another piece, nor that 

the restriction to the diagonal implies, on a chessboard, that the bishop is 

restricted to squares of only one color (nor even that there are two colors 

on the chessboard). In short, knowing the bishop’s move in a beer-mat-

knowledge kind of way does not enable one to do anything much that one 

would not be able to do if one did not know it (other than scoring points 

in general knowledge tests). Knowing the rule for the bishop’s move in 

the context of chessboards and the game of chess is a rather different 

thing even for a novice chess-player than for a Trivial Pursuit player. The 

novice player who knows the rule knows how to move the bishop on a 

chessboard. (However, it is only with further experience that the novice 

learns how to recognize when, and in what circumstances, moving the 

bishop might be a good idea. And it takes the skill of a chess master to see 

that making this move with the bishop is the turning point of the game.)

Going back to the hologram, the explanation on the beer mat does 

not enable the naive reader to do anything such as make a hologram, or 

debate the nature of holograms, or to correct anyone’s mistakes about the 

nature of holograms, or to make a sensible decision about the long-term 

dangers associated with the unrestrained spread of holograms, or convey 

any information about holograms other than the formula itself.

Popular Understanding of Science

Moving to the next rung of the ladder, much superior to beer-mat knowl-

edge is what we will call “popular understanding.”5 Popular understand-

ing can be gained by gathering information about a scientifi c fi eld from 

the mass media and popular books. It is the kind of  understanding to 

5. We are grateful to Matthew Harvey for helping develop this popular understanding 

category.
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which bodies such as the Royal Society’s Committee for the Public 

 Understanding of Science (COPUS) once directed its efforts.

Popular understanding does involve a deeper understanding of the 

meaning of the information than does beer-mat knowledge. For example, 

it may be possible to make some inferences from popular understanding 

of science of the kind “antibiotics will not cure viral diseases, infl uenza is 

a viral disease, antibiotics won’t cure infl uenza,” or “the element is com-

pletely enclosed in my electric kettle whereas heat is wasted when I boil 

water on the gas stove, so the electric kettle uses less energy to boil the 

same amount of water than the gas stove provided not too much energy is 

wasted converting gas to electricity in the power station.” Popular under-

standing of science is also transmissible from one person to another to a 

certain extent—transmissible as a set of ideas rather than a set of formulae.

In the case of a long-settled science the difference between a deeper 

understanding of science and technology and a popular understanding 

is not very important in terms of public decision-making; where the sci-

ence is settled, the difference between scientifi c knowledge as revelation 

and deep scientifi c understanding has little impact on the conclusions 

reached because both give rise to the same judgments. Where the sci-

ence is the subject of a dispute, however, the difference is of the essence. 

The last three decades of social studies of science have shown us that, 

in disputed science, detail, tacit knowledge, and unspoken understand-

ings of who is to be trusted among those who work in the esoteric core 

of the science are vital components of decision-making at the technical 

level. Popular understanding hides detail, has no access to the tacit, and 

washes over scientists’ doubts. The consequence, well-established in the 

sociology of scientifi c knowledge, is summed up in the phrase mentioned 

in the introduction: “distance lends enchantment.” Special cases aside, 

the more distant one is from the locus of the creation of knowledge in 

social space and time the more certain will the knowledge appear to be. 

This is because to create certainty, the skill and fallible effort that goes 

into making an experiment work, or a theory acceptable, has to be hid-

den; if the human activity that is experimentation is seen clearly, then 

it is also possible to see all the things that could be wrong.6 Any rede-

6. For “distance lends enchantment,” see Collins 1992. For a modifi cation, see MacKen-

zie 1998. Ludwik Fleck, who was a sociologist of scientifi c knowledge before the term was 

invented, wrote in the 1930s:

Characteristic of the popular presentation is the omission both of detail and especially of 

controversial opinions; this produces an artifi cial simplifi cation [and] . . . the apodictic 
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scription of events in the core of science, even when it is designed for a 

professional audience, is bound to simplify; when the description is for 

a popular audience, it will simplify more brutally. But sound judgments, 

or at least informed judgments, in disputed science must take account of 

many more of these uncertainties than popular understanding allows for. 

For this reason, in the case of disputed science, a level of understand-

ing equivalent to popular understanding is likely to yield poor technical 

judgments.

The problem of judgments based on popular understanding applies 

whether the conclusion is positive or negative—whether the consumers 

of the simplifi ed version accepts everything they read and hear (for exam-

ple, they might accept that Stephen Hawking’s utterances about black 

holes are revealed truth), or rejects the claims (for example, they might 

be certain that everything the government says about the safety of vac-

cines is false). Both kinds of interpretation of evidence are strengthened 

and reinforced by distance and by the “narrow bandwidth” of the media 

which provide popular understanding.7

One of the troubles with the old offi cially sponsored approach to pop-

ular understanding is that it does not distinguish between consensual 

science and disputed science. It tends to present even disputed science as 

revealed knowledge emerging from a unifi ed community of experts. This 

converts any genuine effort at increasing public understanding into propa-

ganda.8 The obvious danger, even for those keen on propaganda, is that 

for each positive piece of propaganda there is a negative one which will 

be grasped with equally unmodulated certainty.

In sum, popular understanding is a big step up from beer-mat knowl-

edge but a long way from deep understanding of scientifi c matters. The 

valuation simply to accept or reject a certain point of view. Simplifi ed, lucid, and apodic-

tic science—these are the most important characteristics of exoteric knowledge. In place 

of the specifi c constraint of thought by any proof, which can be found only with great effort, a vivid 

picture is created through simplifi cation and valuation. (Fleck 1979 [1935], 112–13, emphasis 

in original)

7. Treatments that turn on the establishment of scientifi c knowledge as a matter of liter-

ary transformation as work passes from laboratory to the wider world (for example, Latour 

and Woolgar 1979) accurately describe the way certainty increases as the bandwidth nar-

rows (for example, details of the time, place, and personal involved in an experiment are 

successively removed as accounts enter more public domains). What they do not explain, 

however, is how the certainty comes to be that the account is unproblematically true, on the 

one hand, or unproblematically false, on the other.

8. A high priest of this approach is Lewis Wolpert, once chair of COPUS, whose book 

The Unnatural Nature of Science, stressed just how different a scientifi c grasp of matters was 

to a commonsense appreciation. 
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gap between popular understanding and deep understanding is not 

so important where the science is settled and consensual, but it is very 

important where science is disputed. Not by chance, wherever there is a 

serious public debate involving science, the science is nearly always dis-

puted, so the enchantment brought about by distance from the research 

front, whether negative or positive, is crucial.

Primary Source Knowledge

The next step after popular understanding is the kind of knowledge that 

comes with reading primary or quasi-primary literature. We will call 

it “primary source knowledge.” Nowadays the Internet is a powerful 

resource for this kind of material. But even the primary sources provide 

only a shallow or misleading appreciation of science in deeply disputed 

areas, though this is far from obvious: reading the primary literature is 

so hard, and the material can be so technical, that it gives the impression 

that real technical mastery is being achieved. It may be that the feeling of 

confi dence that comes with a mastery of the primary literature is a factor 

feeding into the folk wisdom view.9

Actually, it can be shown that what is found in the literature, if read 

by someone with no contact with the core-groups of scientists who actu-

ally carry out the research in disputed areas, can give a false impression 

of the content of the science as well as the level of certainty. Many of the 

papers in the professional literature are never read, so if one wants to 

gain something even approximating to a rough version of agreed scien-

tifi c knowledge from published sources one has fi rst to know what to read 

and what not to read; this requires social contact with the expert commu-

nity. Reading the professional literature is a long way from understand-

ing a scientifi c dispute.10 The question, then, even for those who read the 

journals in which primary research fi ndings are published, is whether 

their knowledge matches the Trivial Pursuit player’s, the chess novice’s, 

the experienced chess player’s, or the chess master’s understanding of the 

9. A familiar image is today’s informed patient visiting their doctor armed with a swathe 

of material printed from the Internet. While this kind of information gathering, especially 

in the context of a support or discussion group, can be valuable, it is important not to lose 

sight of what sociologists have shown: a great deal of training and experience is needed to 

evaluate such information. For a discussion of expertise in the medical context, see Collins 

and Pinch 2005.

10. Thus, there are published physics papers, making potentially momentous claims, 

that are known by the initiated to be of no scientifi c importance (see, for example, Collins 

1999, 2004a).
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bishop’s move. Our claim is that in the case of scientifi c disputes primary 

source knowledge is not much better in respect of the science than a chess 

novice’s understanding in respect of the bishop’s move.

Expertises That Involve Specialist Tacit Knowledge

Over the last half-century, the most important transformation in the way 

expertise has been understood is a move away from seeing knowledge 

and ability as quasi logical or mathematical and toward a more wisdom-

based or competence-based model. As has been intimated, expertise is 

now seen more and more as something practical—something based in 

what you can do rather than what you can calculate or learn. This shift 

has been in part inspired by ideas coming from phenomenological phi-

losophers such as Heidegger and Merleau-Ponty. Polanyi, who invented 

the term “tacit knowledge,” has also been infl uential, especially among 

scientists and philosophers of science, while for sociologists of science 

the main infl uence has been Wittgenstein’s idea that the meaning of a 

concept can be understood only through its use; it is the use of a concept 

that establishes its meaning, rather than any kind of logical analysis or 

a dictionary defi nition.11 The Wittgensteinian frame of mind (as inter-

preted here) leads us to expect to fi nd specialist knowledge located in 

specialists’ practices rather than in books.12 Mastering a tacit knowledge-

laden specialism to a high level of expertise, whether it is car-driving or 

physics, ought, then, to be like learning a natural language—something 

attained by inter active immersion in the way of life of the culture rather 

than by extended study of dictionaries and grammars or their equiva-

lents. The fi rst three categories of expertise, beer-mat knowledge, pub-

lic understanding, and primary source knowledge, might be said hardly 

to enter the category of specialist expertise at all because they do not 

involve much in the way of mastering the tacit knowledge belonging to 

11. Wittgenstein 1953. Wittgenstein’s writings are somewhat aphoristic and open to 

many interpretations. The interpretation adopted here is that of Winch 1958, and also coin-

cides with that of Bloor 1973 and 1983. 

12. We must not pass this point without noting that the logic of what is currently the 

most dominant trend in science studies, the work of Bruno Latour and Michel Callon around 

so-called “actor network theory,” includes absolutely no role for expertise or any other spe-

cial property that pertains to human societies or the particular capabilities of humans. On 

the contrary, actor network theory takes even inanimate objects to be ontologically indis-

tinguishable from humans. Thus, while we talk of a change in our understanding of knowl-

edge, this does not apply to the dominant part of science studies as it is practiced today. For 

a critique of actor network theory, see Collins and Yearley 1992.
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the subject matter of the domains; the acquisition of the fi rst three kinds 

of knowledge (though it depends on ubiquitous expertises), involves 

reading rather than immersion in the specialist culture. “Enculturation” 

is the only way to master an expertise which is deeply laden with tacit 

knowledge because it is only through common practice with others that 

the rules that cannot be written down can come to be understood.

What is new about our analysis of expertises learned through immer-

sion in a culture is that we split them into two. The traditional category of 

ability to perform a skilled practice we call “contributory expertise.” Con-

tributory expertise, as its name suggests, enables those who have acquired 

it to contribute to the domain to which the expertise pertains: contribu-

tory experts have the ability to do things within the domain of expertise. 

This is the traditional way of thinking about this kind of expertise, and 

we discuss it fi rst before moving on to the new category of interactional 

expertise, an idea which we consider to be a signifi cant contribution to the 

understanding of expertises in general.

Contributory Expertise

The fi ve-stage model of acquisition of contributory expertise is one of the 

more well-known and infl uential schemas, and we will use it to stand 

for all the important approaches—those that stress the importance of the 

“internalization” of physical skills.13 It could be usefully represented on 

a third dimension of the table. According to the fi ve-stage model, only at 

the early stages of skill acquisition is there need for calculation or even 

self-conscious rule-following (the left-hand side of the specialist expertise 

row in our table); self-conscious application falls away as a skill becomes 

“embodied”; this is essential for effi cient performance. The fi ve stages can 

be exemplifi ed by the process of learning to drive a car:14

•  Stage 1 is the novice. The novice driver will try to follow explicit rules and 

as a result the performance will be labored, jerky, and unresponsive to 

changes in context. The skill will be exercised “mechanically,” follow-

ing rules such as “change gear when the car reaches 20 mph as indicated 

on the speedometer.” These are “context-free” rules, because in applying 

13. Dreyfus and Dreyfus 1986. There are, of course, other kinds of approach to exper-

tise and apprenticeship, many of which emerge from the fi eld of education research. See for 

example, Ainley and Rainbird 1999; Coy 1989; Pye 1968; Lave 1988; and Lave and Wenger 

1991.

14. Dreyfus and Dreyfus 1986, 21–36.
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them the learner does not take into account the nuances implied by dif-

ferent conditions of application.

•  Stage 2 is the advanced beginner. As more and more of the skill is mastered, 

however, more unexplicated features of the situation start to play their 

part in the performance, such as using the sound of the engine as an 

indicator of when to change gear, which will in turn mean gear changes at 

different speeds according to whether, say, the car is going uphill or down.

•  Stage 3 is competence. Here the number of “recognizable context-free and 

situational elements” becomes overwhelming, and expertise becomes 

much more intuitive rather than calculating. “Problem solving” is no 

longer the predominant motif.

•  Stage 4 is profi ciency. The profi cient driver recognizes whole problem situ-

ations “holistically” in the same way as the advanced beginner recognizes 

specifi c features of the environment. In the advanced beginner stage it 

is, say, the sound of the engine that is recognized from experience; in 

the profi cient stage it would be a complete traffi c scenario. Nevertheless, 

some elements of conscious choice and analysis remain to guide the profi -

cient driver’s decisions.

•  Stage 5 is expertise. When expert status is achieved, complete contexts are 

unselfconsciously recognized and performance is related to them in a 

fl uid way using cues that it is impossible to articulate and that if articu-

lated would usually not correspond, or might even contradict, the rules 

explained to novices. Hence the common experience of driving a familiar 

journey to work and being unable to remember anything about it when 

one arrives; something else was occupying the mind during the journey 

and the unselfconscious self was left to cope with controlling the car just 

as it normally copes with walking or chewing (again, activities about 

which we know nothing in a self-conscious way). It is also the case that 

when experts attempt to revert to a more self-conscious way of tackling a 

task they do it less well—like the mythical centipede that would trip over 

its legs if it thought about where it was putting them. In sum, skills prac-

ticed by individuals have to be “internalized” if they are to be practiced 

effi ciently.15

15. For pedestrians, one may think of the way we learn to cross the road. Explicit 

rules—”look left, look right, look left again and if nothing is coming walk rapidly across”—

 disappear as they become absorbed into the generalized skill of crossing roads; this is a skill 

that suddenly reappears, and has to be relearned starting with a conscious routine, when 

we go to a country where they drive on the other side of the road. Knowing how to cross 

the road is known by the novice as a set of explicit and fi xed rules, but by the experienced 

road-crosser as an unexplicated skill which is acted out in different ways as each new and 
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The fi ve-stage model would be represented in a three-dimensional table 

by columns coming out of the page wherever a practical skill was under 

examination, but it has no bearing on many of the categories. A problem 

with the fi ve-stage model, even as a discussion of contributory expertise, 

is its individualistic nature. Bicycle riding has a venerable history as an 

example in the debate about the nature of skill, and we will switch for a 

moment from cars to bikes. Michael Polanyi introduced the bicycle exam-

ple, pointing out that the physics of riding a bike is exceptionally complex 

and counter-commonsensical and certainly of no use to those wishing to 

learn to ride. But imagine that our brains and nerve impulses were speeded 

up a millionfold: Would things change? We can ask the same question in 

reverse, as it were, by slowing everything down. Suppose the loss of bal-

ance happened much less quickly (as in bicycle-riding on the Moon or on 

an asteroid with a still lower gravitational fi eld). The bike might fall over 

so slowly that there would be time to read a book of balancing instruc-

tions and follow them in the new, much slower, real time. Bike-riding 

would then become more like assembling fl at-pack furniture: you hold the 

instructions in one hand and obey them without any signifi cant time con-

straints.16 The physics of bike-riding is not, then, as forbidding as it seems. 

Though humans cannot master it, there seems no a priori reason why a 

much faster non-human machine could not master it.17

Crucially, what Polanyi was discussing was not “bicycle-riding” but 

“bicycle-balancing.” Bicycle-riding has two components: the fi rst is bal-

ancing upright; the second is negotiating traffi c. Car-driving has the 

equivalent two components: the fi rst is control of the gears, steering, etc. 

and the second is, once more, negotiating traffi c. Negotiating traffi c is a 

problem that is different in kind to balancing a bike or using the clutch in 

that it includes understanding social conventions of traffi c management. 

unanticipated circumstance is encountered. As ability to cross the road increases, the pedes-

trian seems to know less and less about it. Actually, the experienced road-crosser uses a non-

machine-like set of procedures having to do with making eye contact with the driver, and so 

forth. Learning to cross the road fi ts the Dreyfus model quite well. 

16. See Collins 2007 for a discussion of bicycling on the Moon. Or think about the 

human-specifi city of the skill of sportsmen and women. Batting at baseball or cricket would 

be an entirely different proposition if the batter’s brain worked 1,000 times as fast. It would 

be a matter of hitting what would be, essentially, a stationary ball—the skills required 

would be more like those of stationary ball games, such as pool or golf—something far 

more calculative. (Collins and Kusch 1998 point out that golf-ball-striking can be done bet-

ter by machine.)

17. As a matter of fact, bike-riding has been accomplished by mechanical means, but this 

seems to be a matter of analogue feedback from gyroscopic sensors. There seems no reason 

why the analogue device could not be reproduced by a suffi ciently complex digital version. 
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These are the property of social groups; they vary from place-to-place and 

time-to-time. To master them requires not embodiment of the skill but 

being socialized into the relevant group practices.

The difference between bicycle—balancing and negotiating traffi c 

has been described in terms of the difference between mimeomorphic 

and polimorphic actions.18 Mimeomorphic actions, however complex, 

and however hard to master, do not turn on social understanding and 

can, in principle, be reproduced by mimicking fi xed behaviors—though 

sometimes these will be too complex in practice to be accomplished. It 

is for this latter reason that automation of factories and so forth has to 

start with standardization of the whole manufacturing process, not just 

the replacement of individual machines within the chain of production. 

Furthermore, humans (working in a normal time-frame), cannot mas-

ter complex mimeomorphic actions in a machine-like way for the rea-

sons explained by Polanyi. In most cases humans have to internalize the 

abilities and the process of learning the new abilities in ways that appear 

similar to the learning of a social skill. Closer analysis, as in the case of 

 bicycle- balancing, shows that this is a matter of the limitations of humans 

rather than the intrinsic nature of the expertise. It follows that sometimes 

machines that do not have human limitations can master the skills; we 

can easily imagine a very fast computer being constructed that would use 

the explicit physics of bike-riding along with an array of feedback devices 

to balance a moving bike. On the other hand, polimorphic actions, which 

do depend on social understanding, require that behavior fi ts changing 

social circumstances, and they cannot be mastered by machines failing a 

way of making machines that fi t as smoothly into social life as humans.

We indicate the difference with the two boxes beneath the contributory 

expertise box in the Periodic Table but one might think of this distinction 

too as something that should be represented by a third dimension com-

ing out of the page since a similar analysis could be conducted for every 

box. We will not say much more about mimeomorphic and polimorphic 

actions here as they are the subject of an entire book—that referred to in 

the last footnote. The distinction is crucial for understand the relationship 

between humans and machines but also for the proper understanding the 

relationship of the human body and brain in the acquisition of  expertises.19

18. Collins and Kusch 1998.

19. The famous example of the breadmaking machine discussed by Nonaka and Takeu-

chi (1995) would also have benefi ted from breaking down the actions of human breadmak-

ing into its mimeomorphic and polimorphic components. If bread, like music, is sometimes 
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Interactional Expertise

The overlooked second type of deeply tacit-knowledge-laden expertise is 

interactional expertise. This is expertise in the language of a specialism 

in the absence of expertise in its practice. This may seem contrary given 

all that we have just said about the importance of practice—of doing 

things—but we must look more deeply.

Why Has Interactional Expertise Been Overlooked?

To simplify, within the existing academic literature analysts tend to think 

of knowledge as of two kinds: the formal or propositional, on the one 

hand, and the informal or tacit, on the other. The formal can be expressed 

in rules, formulae, and facts, and can be encapsulated in computer pro-

grams, books, and the like. The informal or tacit, insofar as it is also rule-

like, comes in the form of rules that cannot be explicated and are known 

only through their expression in action. They can be recognized as rule-

like because it is easy to see when they have been broken. That is, it is easy 

for those who have internalized the rules, by being enculturated into the 

form of life that expresses them, to see when they have been broken.20 

The perennial question that emerged with particular clarity in the debate 

about “artifi cial intelligence” is whether the informal can be reproduced 

by sets of formal rules if the set of rules is made large enough. This ques-

tion has tended to polarize analysts.

To put this another way: language, whether natural language or the 

language pertaining to a specialist domain, has been treated in one of 

two exclusive ways:

•  Informal view: Full immersion in an entire form of life would be needed to 

master a language. 

made to fi t a context, then making bread using a machine is like listening to a recording of 

a concert rather than listening to a live performance. The former is always exactly the same, 

the latter varies subtly each time. In fact, even when we move to the apparently mimeomor-

phic aspects of breadmaking we are likely to fi nd that the inputs and outputs will have to 

be more standardized than would be necessary in the case of a human breadmaker (Ribeiro 

and Collins 2007). For an extended discussion of the relationship between Dreyfus’s analy-

sis of expertise and that discussed here see Selinger and Collins 2007.

20. For example, I may not be able to say what the rules for proximity to others are in 

various societies, but with a little habituation I will be able to accomplish them and I will 

also soon be made to know if I break them, and can easily recognize if someone in my own 

society breaks them (say, by standing too close to me). 
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•  Formal view: Mastering the language pertaining to a domain comprises no 

more than the acquisition of propositional knowledge—a set of formal 

rules and facts gained through reading and instruction. 

The second of these possibilities—that of the “formalists”—has, we 

believe, been thoroughly exploded. It has been shown to be wrong by 

theoretical analysis, and it has been shown to be wrong by the failure of 

the long- running experiment with intelligent computers. This experi-

ment shows that the language of a domain, like any spoken language, 

consists of more than propositional knowledge. The problem this has left 

is that any attempt to claim that language can be mastered outside of a 

full-blown practical immersion in a form of life is thought, by most infor-

malists, to amount to the claim that the formal view is true since the only 

possibilities on the table, as it were, are the informal and formal views. 

This excludes analysis of any kind of immersion within a domain that is 

short of full-blown practical immersion. The awkwardness of the notion 

of interactional expertise comes from the fact that it stands between the two 

views.

Figure 1 illustrates the point in cartoon form. On the left we have a 

group engaged in the practical activity and the discourse of a form of 

life. On the right we have a description of their activities in propositional 

form—in books, journal articles, and the like. In the middle we have a 

computer, the subject of an intellectual tug-of-war between the “formal-

ists,” who believe it can be elaborated to the point where it will fi t indis-

tinguishably into the left-hand group, and the “informalists,” who believe 

it will never progress beyond what is, essentially, a set of propositions or 

Figure 1. Is the “intelligent computer” text or practice?
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symbols whose natural home is with the printed artifacts and the like 

on the right. The existence of this tug-of-war means that the efforts and 

the gaze of those who think about these matters are directed exclusively 

one way or the other; no one is paying attention to the space between the 

skilled group and the books. For example, one of the standard motifs in 

critiques of artifi cial intelligence is the mistakes made by coaches of any 

practical activity, the point being that the coach, whether mechanical or 

human, cannot express in words what the athlete or other kind of learner 

can only master by action.21 The idea of interactional expertise gives us 

a better idea of what some human coaches might be doing and how they 

succeed despite the gap between language and practice. As we now see, 

the human coach can teach some things through the medium of spoken 

language because the coach shares some of the nonexplicit skills of the 

student: the shared linguistic skills can transfer mutually understood 

tacit meanings that would not be available to those with levels of exper-

tise below interactional.22

Interactional expertise, then, is found in this middle ground between 

practical activity and books, computers, and so forth. Interactional 

expertise is, however, nearer to the informal than to the formal view. 

Interactional expertise is far from a set of propositions. Interactional 

expertise is mastery of the language of a domain, and mastery of any 

language, naturally occurring or specialist, requires enculturation within 

a  linguistic community. Interactional expertise cannot be expressed in 

propositional terms. The computer, no current or foreseeable model of 

which can be immersed within a language community in a way that 

will allow for it to become enculturated, will have to be dragged to the 

right. On the other hand, the idea of interactional expertise still does 

not amount to the informal view—full-blown immersion in a form life. 

The idea of interactional expertise implies that complete fl uency in the 

language of a specialist domain can be acquired in the absence of full-

21. For typical critiques of coaching see Dreyfus 1972, Dreyfus and Dreyfus 1986, and 

Collins 1990.

22. Coaches can also transfer tangential rules, such as “hum the Blue Danube when you 

swing your golf club,” and “second order measures of skill.” Second order measures of skill 

are such as: “If you are a surgeon, intending to spay a ferret, and you cannot fi nd its uterus 

fi rst time, look again but don’t look more than about six times.” These specifi c sets of rules 

do not comprise the skill but do give valuable guidance to a human trying to master a skill. 

In the same way it is good to know that (1) a human can ride a bicycle; (2) it is likely to take 

several hours to learn; (3) a human can learn to play the piano; (4) it is likely to take at least 

a year to learn; (5) a human cannot learn to fl y unaided. Collins 1990, chap. 6, discusses 

tangential rules. Pinch, Collins, and Carbone 1996 deals with second order measures.
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blown physical immersion in the form of life. To try to be as sharp as 

possible, we make a “bold conjecture”: the testable “strong interactional 

hypothesis.” The strong interactional hypothesis states that, in principle, 

the level of fl uency in the language of a domain that can be attained by 

someone who is only an interactional expert is indistinguishable from 

that which can be attained by a full-blown contributory expert. Figure 2 

illustrates the point.

Figure 2 shows the computer in its proper place, while interactional 

expertise occupies the left center of the middle ground. That the experts 

are engaged in interactional expertise is indicated by taking away their 

anvils, so their hammers merely identify them as contributory experts 

engaged, for the time being, in talk about their form of life rather than in 

the practical activity. In the middle of those with the hammers is a stick 

fi gure, who might be a sociologist, grinning happily, having mastered 

the interactional expertise while never having worked with hammer 

and anvil. As can be seen, the discourse of the smiling interactional-but-

not-contributory expert is indistinguishable from the discourse of those 

with the hammers. That is the bold conjecture of the strong interactional 

hypothesis.

Origins of Interactional Expertise

The idea of interactional expertise has wide application. As well as being 

needed in some approximate form by successful participatory sociol-

ogists, ethnographers, and social anthropologists, mastery of interac-

tional expertise is also the goal of specialist journalists; it is needed by 

Figure 2. The sociologist delighted with interactional expertise
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 salespersons and, as we will argue, by managers; it is often the medium 

of specialist peer review in funding agencies and journal editing where 

the reviewers are only sometimes contributors to the narrow specialism 

being evaluated; it is the medium of interchange within large-scale sci-

ence projects, where again not everyone can be a contributor to everyone 

else’s narrow specialism; it is, a fortiori, the medium of interchange in 

properly interdisciplinary, as opposed to multidisciplinary, research; it is, 

arguably, the basis of the assumption of false identities in Internet cha-

trooms;23 fi nally, on those occasions when activists or other concerned 

persons are driven to it, it can be the medium of interchange between 

scientists and groups of the public.

Though it has very wide application, the idea of interactional exper-

tise emerged for us as a result of our experience of sociological fi eldwork, 

and this is how we will introduce it. Typically, sociologists who want to 

study areas of scientifi c knowledge that are new to them have to try to 

grasp something of the science itself. The sociologist begins with no spe-

cialist expertise—which is a level insuffi cient to do sociological analysis 

of scientifi c knowledge. The sociologist is likely to move rapidly through 

public understanding and primary source knowledge, which are also 

inadequate to allow for competent social analysis of scientifi c knowledge. 

With luck, however, interactional expertise, which does allow for social 

analysis of scientifi c knowledge, will eventually be attained.24

The transition to interactional expertise is accomplished, crucially, 

by engaging in conversation with the experts. Interactional expertise is 

slowly gained with more and more discussion of the science (or other 

23. But confi dence tricks of all kinds generally depend on a major contribution from 

the “mark”—the person being fooled (Maurer 1940). In the imitation game (see below) it is 

quite clear that the judge’s job is to try to distinguish the true expert from the expert who 

has mastered only the language; the judge does not make the kind of contribution made by 

the mark. 

24. In rare cases the sociologist might even progress to the level of contributory exper-

tise. Contributory expertise can be attained only by practicing the science, and there is 

rarely an opportunity to do this if the sociologist has not undergone the full-scale training 

in professional institutions that are the prerequisite to certifi cation. It is not impossible, 

however, in sciences which are not too diffi cult, as in Collins’s contributions to parapsy-

chological research, where he took an active part in designing and carrying out experi-

ments (see Pamplin and Collins 1975). Also, some degree of contributory expertise may 

be attained where the science is not too far removed from the sociology, as in the case of 

artifi cial intelligence. Collins would claim that his books on artifi cial intelligence (1990; 

Collins and Kusch 1998), make contributions to the fi eld itself as well as being sociological 

analyses. (Whether those contributions have been taken up is another matter.) 
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technical skill). Interactional expertise cannot always be attained—the 

science may simply be beyond the capacity of the analyst, as one of 

the authors, Collins, discovered when he attempted to do research in 

the fi eld of the theory of amorphous semiconductors. After complet-

ing about thirteen hours of taped interviews with scientists, he had to 

concede that he could not understand enough of the science to reach a 

suffi cient level of comprehension of the scientists’ world to make any 

sociological headway. He had to give up. One characteristic of such a fail-

ure is that each new interview or discussion would start with a long and 

tedious period of explanation of how the science worked that repeated, 

approximately, the explanation that had marked the start of every other 

interview or discussion. All parties were equally bored by these explana-

tory sessions, and the interviews went little further.

In contrast, where interactional expertise is being acquired, there will 

be a progression from “interview” to “discussion” to “conversation” as 

more and more of the science is understood. There is no sudden “aha 

moment” that marks the switch to mastery of interactional expertise, 

but its steady acquisition can nevertheless be recognized. Above all, with 

interactional expertise, conversation about technical matters has a nor-

mal lively tone and neither party is bored. As things develop the day may 

arrive when, in response to a technical query, a respondent will reply 

“I had not thought about that,” and pause before providing an answer to 

the sociologist’s technical question. When this stage is reached, respon-

dents will start to be happy to talk about the practice of their science and 

even give studied consideration to critical comments. Eventually respon-

dents will become interested in what the analyst knows about the fi eld 

because he or she will be able to convey the scientifi c thoughts and activi-

ties of others in a useful way. The sociologist who has just come from vis-

iting scientist X may be able to tell scientist Y something of the science that 

X is doing or the kind of thinking that X is engaged in respect of some 

common problem. Sometimes the analyst will be able to introduce a new 

piece of science to a scientist.25 Occasionally the analyst will be able to 

explain the scientifi c position of another party in a clearer way than the 

scientist him or herself currently understands it; this is because the ana-

lyst has heard the position explained at great length whereas the scientists 

25. For example, in May 2005 Collins found himself explaining the “Christodoulou 

effect,” a technical wrinkle in gravitational wave physics (Collins 2004a), to a gravitational 

wave physicist during the course of a workshop—the physicist had never heard of it. 
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may fi nd communication with an academic rival diffi cult because of 

their different commitments and interests. By this stage, what were once 

“interviews” have become “conversations,” not markedly dissimilar to 

the conversations the analyst will have with social scientist colleagues 

and, presumably, not that different to the conversations that one scientist 

will have with another. (For the sociologist, sitting in on the conversa-

tions that scientists are having with one another no longer seems like 

eavesdropping so much as participating.) In sociologist-scientist conver-

sation of this kind both parties can speed things along by anticipating 

a technical point so that a longer explanation is avoided when existing 

mutual understanding is indicated by an interjection. In the same way 

the conversational partner’s expression of a point may be helped, or a 

memory jogged, by a phrase which anticipates what is to come. At this 

stage jokes, irony, and leg-pulls are all recognized, and respondents will 

no longer be tempted to give a “pat” or formulaic answer drawn from a 

ready-made set of responses representing the canonical face of science. 

Mostly, respondents will talk to the analyst as they would talk to a col-

league rather than an outsider, knowing that the standard recipe will 

not do. If, however, a respondent is encountered who does not know the 

analyst well, and is tempted to provide “offi cially approved” answers to 

questions, the analyst will have the skill to recognize the nature of the 

response and discount it or probe further; a sharp technical remark by 

the analyst can speedily change the whole tenor of such a conversation. 

As things go on the analyst may even develop the confi dence to take a 

“devil’s advocate” role in respect of some scientifi c controversy and argue 

a scientifi c case with which the respondent disagrees. The counter-case 

may be maintained well enough by the analyst to make the respondent 

think hard.

Where there is no developing interactional expertise, as in Collins’s 

experience in the case of the theory of amorphous semiconductors, the 

conversations never become interesting to either party, the analyst can 

never transmit information, take a devil’s advocate position or, crucially, 

distinguish between “pat” answers and real conversational interchange, 

nor between jokes and irony on the one hand and serious responses on the 

other. Worse still, though a fi eld might be riven with controversy (as the 

theory of amorphous semiconductors was at the time of this fi eldwork), 

the analyst cannot understand what the protagonists are disagreeing 

about, nor how deep the disagreements run, nor, with any certainty, who 

disagrees with whom! The contrast between these extremes—no expertise 
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and a good level of interactional expertise—are very marked and quite 

unmistakable, at least by the fi eldworker who has experienced both.

In spite of gaining very high levels of interactional expertise—to the 

extent of fulfi lling a useful minor role in the transmission of scientifi c 

information among the scientists, or occasionally of giving a clear expla-

nation to one party of the scientifi c position of another—the analyst is not 

going to be given a job or let loose in a scientifi c laboratory; that would 

demand contributory expertise. The analyst who has even the highest lev-

els of interactional expertise may be able to understand  scientifi c things, 

and to discuss scientifi c things, but is still not able to do scientifi c things.

The Parasitic Nature of Interactional Expertise

We can be fairly sure that a difference between interactional and contrib-

utory expertise is that contributory expertise is self-sustaining whereas 

interactional expertise is not. That is to say, a contributory expertise—

such as gravitational wave physics—can be taught to new recruits and is 

passed on from generation to generation by apprenticeship and socializa-

tion; someone who has the contributory expertise can pass it to someone 

who does not have it. It is not at all clear that the same applies to interac-

tional expertise. It is not at all clear that interactional expertise, which, in 

practical fi elds, is always interactional expertise in another expertise, can 

be passed from one person or generation to another (in the absence of 

contributory expertise). Interactional expertise in a specialism seems to 

be learned exclusively through interaction with communities who have 

contributory expertise in that specialism, not persons who have interac-

tional expertise in that specialism. One would guess that, if the attempt 

were made to transmit interactional expertise in the absence of contribu-

tory expertise over several generations, it would rapidly become distorted 

as messages are distorted when they are passed on by word of mouth 

through many intermediaries. The point is that interactional expertise is 

skill in speaking a specialist language, and the nature of a whole language 

is a function of the whole environment, physical and social, in which 

it develops. Change the environment (e.g., remove the physical activ-

ity which is initially an integral part of the development of a language), 

and the language will change. But this does not mean that an individual 

immersed in the linguistic community cannot learn the language with-

out being engaged physically with the physical world that gave rise to it, 

as we will argue at greater length in chapter 3.



36 / Chapter One

The Relationship of the Specialist Expertises

This completes our initial fi ve-step ladder of expertise. It starts from beer-

mat knowledge, and goes to public understanding and primary source 

knowledge, all of which turn on ubiquitous expertises only. Then it 

makes the transition to expertises involving specialist tacit knowledge, 

the fi rst of these steps being interactional expertise and the second being 

contributory expertise.

There is a transitive relationship between the fi ve levels of the ladder. 

If you possess one of the higher levels you will possess, at least in prin-

ciple, all of the lower levels but not vice-versa. There are, however, a few 

practical exceptions to the transitivity. First, as we will discuss in the next 

section, a contributory expert’s interactional expertise may be “latent,” 

i.e., not realized. Second, contributory experts may know the journal lit-

erature only at second hand rather than have the fi rsthand acquaintance 

of those whose knowledge extends only as far as the primary sources. 

Experts’ knowledge does not come primarily from an exhaustive knowl-

edge of the literature but from a familiarity with a subset of the literature, 

often at second hand, and always modulated by the opinions of other 

experts. Third, and for similar reasons, it may well be that specialists in 

general knowledge quizzes and the like could have a greater breadth of 

beer-mat knowledge than a domain specialist.

Hand-in-hand with the transitivity of the specialist expertises goes 

the transitivity of their pattern of distribution among the population. 

As we move up the scale from no specialist expertise, through beer-mat 

knowledge, popular understanding, primary source knowledge, inter-

actional expertise, and contributory expertise, we fi nd ourselves looking 

at smaller and smaller groups of people; the expertise becomes more and 

more esoteric. Popular understanding is limited to the numbers who read 

popular science books and articles in the science magazines and broad-

sheet newspapers. Once we get to primary source knowledge we encoun-

ter still smaller numbers, who tend to be driven by special health needs, 

local circumstances, or burning political agendas—forces which may also 

lead them to mix in the kinds of scientifi c circles where they are exposed 

to a deeper understanding of the issues.26 Those with interactional 

26. There are many examples in the literature in which it can be seen how the key citi-

zen activists are driven by some combination of these motives and interests. For example, 

many of the case studies contained in Irwin and Wynne 1996 have this quality, as do the 

studies of Repetitive Strain Injury patients (Arksey 1998); AIDS treatment activists (Epstein 

1995, 1996) and nuclear protestors (Welsh 2000).
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expertise are fewer in number still, since gaining interactional expertise 

requires crossing social boundaries and spending a long time in alien 

social environments to which there is restricted access. Finally, those 

with contributory expertise may, in highly technical sciences, be limited 

to somewhere between a half-dozen and a few hundred. (Remember that 

all contributory experts are counted as possessing interactional expertise 

by  defi nition—the numbers of interactional-but-not contributory experts 

are very small.)

Interactional Expertise and 

Interactive and Refl ective Ability

Interactional expertise looks similar to but is distinct from other kinds of 

capacity that are part-and-parcel of the job of the sociologist, journalist, 

art critic, architect, and so forth. All these professionals need the ability 

to interact with other people, to talk smoothly about the domain which 

they have chosen to study or within which they exercise their judgment, 

to refl ect upon their subject matter so as to articulate their fi ndings or 

judgments, and sometimes to translate the expertise of one domain into 

the language of another insofar as this can be accomplished. These are 

capacities not necessarily shared by those with contributory expertise in 

the domain, and this raises a question about the transitivity of the rela-

tionship between contributory and interactional expertise. We claim that 

if one has contributory expertise in a domain one also has interactional 

expertise, but, if one does not have a ready ability to talk and refl ect, 

then one is likely to have little in the way of interaction with others in 

respect of the expertise. As intimated, the resolution is to say that in the 

absence of the other kinds of capacities the interactional expertise of the 

contributory expert will be latent rather than expressed. What we mean 

by this is that, in order to realize the latent expertise, nothing new per-

taining to the specifi c domain in question has to be learned. The things 

that have to be learned to realize the latent expertise are to do with the 

domain of talking, refl ecting, translating, and so forth, not laser-building, 

or  gravitational wave physics, or car driving, or whatever. That there must 

be a difference between latent interactional expertise and an absence of 

interactional expertise is easy to see: one could, at least in principle, reveal 

the interactional expertise of an inarticulate and unrefl ective contributory 

expert by skilled and persistent probing—from skilled interviewing one 

could learn something about the domain (this is what sociologists and 

journalists do in the case of inarticulate and unrefl ective respondents). 
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In contrast, no amount of probing will extract deep information about 

a domain from someone with neither contributory nor interactional 

expertise.27

We will give the labels “interactive ability” and “refl ective ability” 

to the capacities that turn latent interactional expertise into expressed 

interactional expertise (these are the dispositions found in row 2 of the 

 Periodic Table).

Interactive Ability

To repeat, possession of contributory expertise guarantees possession of 

at least latent interactional expertise. To realize the interactional exper-

tise it is also necessary to possess interactive ability.

A lack of realized interactional expertise combined with a high level 

of contributory expertise is very typically exhibited by many fi ne artists 

who consider that their work must “speak for itself.” “If the meaning of a 

painting could be expressed in words there would be no point in paint-

ing,” as they might and do say. They make the point in practice by refus-

ing to speak fl uently about their work and by allowing their refl ective 

discourse to atrophy.

On the other hand, as explained, in the role of art critic, journalist, 

sales representative, television or radio interviewer, and interpretative 

sociologist, the skills needed to interact with others are crucial. Without 

these skills the job cannot be done. In these roles, a high level of interac-

tive ability is part of the contributory expertise pertaining to that particular 

specialism (though the specialism itself may be almost entirely devoted 

to gaining interactional expertise in other specialisms).

An important difference between interactional expertise and inter-

active ability is that the latter, unlike interactional expertise, is not 

 parasitic—it can be passed from generation to generation. Interactive 

ability is, as we will call it, a “disposition,” like kindness, or a loving 

nature, or a gift for observation, rather than a specialist skill. For exam-

ple, parents who have the “gift of the gab” are likely to pass this ability 

on to their children. The point is that interpersonal skills are generalized 

abilities, not an expertise in a special domain. It is because interactional 

27. The above explanation of how we use the term “latent” is a response to Evan Selinger 

who argues (personal communication) that you cannot have a latent expertise; a latent 

expertise is no expertise at all. Carolan (2006) also discusses these issues in the context of 

an interesting analysis of the role of interactional expertise in the development of farming 

skills. 
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expertise is expertise in something that it is unlikely that such an expertise 

could be passed on in the absence of continued contact with the “some-

thing.” To repeat, one cannot imagine that interactional expertise would 

do anything other than die out if not refreshed from time-to-time by 

contact with those actually doing the thing—the contributory experts. It 

is the contributory experts not the interactional experts who defi ne and 

develop the content of the language that the interactional expert tries to 

master.

Refl ective Ability

Another generalized skill, which, with a little stretching, can also come 

under the heading of a disposition, is refl ective ability. This, it is true, is 

a more professionalized and specialized ability than interactive ability 

because it is taught, quite self-consciously, in sociology and philosophy 

courses and the other critical disciplines. Like interactive ability, refl ective 

ability is enormously useful in the building of interactional expertise. It 

is sometimes what makes the difference between the analyst and the spe-

cialist scientist when they are talking about an esoteric domain. Some 

scientists are actually proud of their lack of refl ective instincts, boasting 

that “Philosophy of science is about as useful to scientists as ornithology 

is to birds.”28 This is perfectly correct, but it carries the corollary that it 

is not birds (scientists) who one should consult to learn about fl ight (sci-

ence). Refl ective ability, like interactive ability, can exist sui generis and be 

passed from generation to generation. Refl ective ability is not refl ective 

ability in something, it is just refl ective ability. Refl ective ability is, again, 

part of the contributory expertise of the social analyst of science, the art 

critic, and so forth.

We can assemble some of these relationships in diagrammatic form. 

The large circles in fi gure 3 represent respectively the concepts of contribu-

tory expertise, interactional expertise, and interpersonal and refl ective 

ability (combined for simplicity’s sake). If, as we say, contributory and 

interactional expertise are related transitively, then spaces 1 and 5 are 

empty of people: those who possess contributory expertise will also pos-

sess interactional expertise, either latent (located in space 4), or realized 

(located in space 7). In practice anyone who has acquired interactional 

expertise without acquiring contributory expertise is likely to be a mem-

ber of one of those professions that turn on interactive ability and will 

28. Commonly attributed to Richard Feynman.
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therefore be found in space 6 rather than space 2. Thus, space 2 is likely 

to be empirically empty if not quite as logically empty as spaces 1 and 5. 

Space 7 contains those few social analysts who are also technically com-

petent as well as articulate scientists and technologists. Space 3 is occu-

pied, among others, by philosophers of science and sociologists of sci-

ence (as opposed to sociologists of scientifi c knowledge), who do not 

need interactional expertise for their style of work. In practice that group 

is likely to stress refl ective ability rather than interactive ability.

Acquiring Expertise: 

Five Kinds of Face-to-Face Knowledge Transfer

What is involved in the acquisition of an expertise under our model? We 

take as our example the ability to build a working model of a piece of 

novel scientifi c apparatus. We ask the following question: Suppose scien-

tist B from B-lab wants to learn to build one of those heavy and nontrans-

portable A-mators so far only built successfully by scientists in A-lab. We 

know from previous studies that, barring reinvention “from scratch,” the 

right thing for scientist B to do is visit A-lab for a period and spend time 

talking with the A group as they work on the A-mator. Alternatively, a 

group from A-lab can visit B-lab for a period and hold extensive discus-

Figure 3. Relationships among some expertises
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sions. We then ask what scientist B learns from a visit.29 Five problems 

related to knowledge transfer can be identifi ed that could be resolved by 

extensive meetings between scientists from different laboratories:

1.  Concealed Knowledge: A does not want to tell “the tricks of the trade” to oth-

ers, or journals provide insuffi cient space to include such details. A labora-

tory visit can reveal these things but only if it is in the direction B to A.

2.  Mismatched Salience: There are an indefi nite number of potentially impor-

tant variables in a new and diffi cult experiment, and the two parties focus 

on different ones. Thus, A does not realize that B needs to be told to do 

things in certain ways, and B does not know the right questions to ask. 

The problem is resolved when B watches A work so, again, a B to A visit is 

needed.

3.  Ostensive Knowledge: Words, diagrams, or photographs cannot convey 

information that can be understood only by direct pointing, or demon-

strating, or feeling. This can be accomplished by B visiting A-lab.

4.  Unrecognized Knowledge: A performs aspects of an experiment a certain 

way without realizing their importance; B will pick up the same habit 

during a visit, while neither party realizes that anything important has 

been passed on. Much unrecognized knowledge becomes recognized and 

explained as a fi eld of science becomes better understood, but this is not 

necessary.30 Again, the B to A direction is best.

5.  Uncognized/uncognizable Knowledge: Humans do things such as speak 

acceptably formed sentences in their native language without knowing 

how they do it. There are experimental counterparts to such abilities. 

They are passed on only through apprenticeship and unconscious emula-

tion. At the end of the transfer neither party can describe what has been 

transferred; they may not even notice that anything has been transferred. 

Insofar as the emulation is of practices, it will be necessary, once more, for 

B to visit A.31

Concealed knowledge is to do with lies and secrecy, not the nature of 

knowledge transfer, so it is not central to this discussion. Turning to the 

other four problems, we have discussed them in terms of the transmis-

29. The elements of this discussion are originally worked out in Collins 1974 (or see 

1992), and 2001a (or see 2004a, chap. 35). 

30. For a discussion of the problem with reference to Italian violins, see Gough 2000.

31. For the fi rst use of this list, see Collins 2001b.
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sion of contributory expertise. But what if it was interactional expertise 

alone that was to be transferred? Would an A-group’s visit to B-lab be as 

good as B’s visit to A-lab? How important to language acquisition is it 

that the talk be conducted in the presence of the apparatus? In chapter 3 

we will return to the problem, but it may be that we already know the 

answer. The point is that none of those things that A thinks are salient 

and B does not realize are salient (2), and none of the things that A can 

only point to (3), and none the things that A does without realizing it (4), 

and none of the things that no-one can articulate (5), fi gure in A’s lan-

guage. Therefore, if B is interested in acquiring only A’s language, then 

B has no need to acquire the understandings that don’t have any coun-

terpart in the language. Therefore, at a fi rst approximation, a visit of an 

A-group to B-lab should be just as useful for acquiring interactional 

expertise as a visit of B to A-lab.32 This is but a fi rst approximation, since 

it is probably the case that a visit of a single individual to B-lab is not 

going to be a very good way of transferring interactional expertise—this 

would be like our trying to learn fl uent French from the visit to our house 

of a single French person; what would be needed would be extended vis-

its of a group of scientists from A-lab to B-lab.33

If it is true that, in principle, so little in the way of knowledge is neces-

sary for the acquisition of interactional expertise that it can be acquired 

without being in the presence of the apparatus, then interactional exper-

tise is very limited. But that only makes it the more interesting, and, at 

fi rst glance, counter-commonsensical, that interactional expertise is so 

important in science and technology. Remember, if, as per the strong inter-

actional hypothesis, a person with contributory expertise cannot say any-

thing in virtue of having that expertise that a person with interactional 

expertise cannot say, then interactional expertise is just as good in forums 

that work through the medium of language as contributory expertise.

It now seems a shame that the analysis of the immediately preced-

ing paragraphs has not been tested when studies of scientifi c knowledge 

transfer have been carried out. For example, in an early study of the trans-

32. Even though this is a “fi rst approximation,” it is true only in principle. In practice, 

having an apparatus present is likely to make the conversation easier, even if it is only inter-

actional expertise that is at stake. The point remains, and it will be discussed at length in 

chapter 3, that where circumstances do not permit proximity to the apparatus or its equiva-

lent, interactional expertise can be acquired even though it will need extra effort.

33. We are grateful to an anonymous reviewer of the manuscript for pointing this out 

to us.
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fer of laser-building ability no attention was paid to how much of what 

was being learned by one scientist in another scientist’s laboratory was 

learned by talk and how much by watching and doing.34 There would be 

very many confounding factors in a naturally occurring situation, but 

perhaps this kind of question could be the subject of an experimental 

study.

The same oversight can be found in a 1990 discussion by the same 

author. Collins asked how a spy, who pretends to be a native of a town he 

has never visited—Semipalatinsk—would be caught out in conversation 

with a native of Semipalatinsk. He claimed there were two ways for a spy 

who had never visited the town to learn about Semipalatinsk: learning 

from books, photographs, and so forth, and learning through conversa-

tion with an expatriate native of the town. He claimed that, in contrast, 

genuine natives would also learn from experiencing the physical reality 

of the town and from immersion in the linguistic culture. Collins argued 

that the spy would fail a “Turing test” when compared with a native if the 

interrogator was also a native because of the things natives could say to 

each other as a result of the second two kinds of experience but which the 

spy would not be able to say.

We can now see that Collins failed to consider the extent to which the 

spy could have been trained to pass the interrogation by immersion in 

the language of Semipalatinsk alone if, say, that immersion was arranged 

by his spending a year with a group of exiled Semipalatinskians. Such 

a group could have transferred the capacity to handle nuances of pro-

nunciation or vernacular speech and all that can be acquired through 

the development of interactional expertise. On the arguments set out in 

respect of the transfer of scientifi c knowledge, physical experience of the 

town would not be important since everything that could be said as a 

result of physical immersion could be said by the expatriates. The spy, 

then, could have mastered the interactional expertise of Semipalatinski-

anism to the level that the expatriates still possessed it. The spy interro-

gation test, which is very like an imitation game (see below), is a test of 

interactional expertise not contributory expertise.

As it happens, Collins and Kusch, in their 1998 book, did better 

(though without realizing it at the time). They discuss the role of Cyrano 

in the play Cyrano de Bergerac by Edmund Rostand. Cyrano agrees to write 

love letters on behalf of another suitor. They write:

34. The study in question is Collins 1974 (or see 1992).
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. . . suppose Cyrano had never known love but, notwithstanding, had the 

skill to write the prose? We may imagine he had read the relevant literature 

and poetry and had frequented the society of those who did know love. In 

other words, Cyrano would have understood the institution of love and love 

letters even though he had never felt the individual emotion himself. (94)

In retrospect we can now describe this as an instance of the acquisition 

of the interactional expertise of love in the absence of the contributory 

expertise of love and an illustration of the individual embodiment thesis 

(to be discussed in chapter 3).



C H A P T E R  T W O

The Periodic Table of Expertises 2: 

Meta-expertises and Meta-criteria

We now turn to the lower section of the Periodic Table. Meta-expertises 

are expertises used to judge other expertises. There are two kinds of 

meta-expertise: external meta-expertise, which does not turn on acquisi-

tion of the expertise itself, and internal meta-expertise, which does involve 

an acquaintance with the substance of the expertise being judged.

External Judgment: Ubiquitous Discrimination

We can make a start on defi ning the class of those who are in a position 

to judge experts and expertises by noting that in respect of some kinds 

of judgment the boundaries extend to the very edge of the general pub-

lic. Just as there is ubiquitous expertise, there is also ubiquitous meta-

expertise, which we will call “ubiquitous discrimination.” In such a case 

the Problem of Extension dissolves, as with other ubiquitous expertises. 

Ubiquitous discrimination, like other ubiquitous expertises, is acquired 

as part-and-parcel of living in our society.

For example, those with little scientifi c knowledge can sometimes 

make what amounts to a technical judgment on the basis of their social 

understanding. The judgment turns on whether the author of a scientifi c 

claim appears to have the appropriate scientifi c demeanor and/or the 

appropriate location within the social networks of scientists and/or not 

too much in the way of a political and fi nancial interest in the claim.

Ubiquitous discrimination is what we have all been learning since we 

could speak, and it is just a particular application of our regular judgments 

about friends, acquaintances, neighbors, relations, politicians, sales-

persons, and strangers, applied to science and scientists within Western 
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 scientifi c society. For example, many members of such a society, just by 

being members, are able to discriminate between what counts as science 

and what does not. This is the ubiquitous judgment on which we rely when 

we dismiss certain beliefs such as astrology from the list of contributors to 

the scientifi c element in technical decision-making. Most members of our 

society have suffi cient social understanding to know that the standards 

and social and cognitive networks of astrologers do not overlap with the 

standards and social and cognitive networks of scientists.1

Another illustration of this point emerges from the dispute over the 

Moon landings. There is a view that the Moon landings were faked by the 

Americans, the events being fi lmed somewhere in a desert in the Western 

USA.2 The groups who believe this cite various anomalies in the fi lms, 

such as the quality of the shadows, the way the fl ag fl apped, or some such. 

Technically we are in no position to judge whether the fi lms were real; 

certainly it would be quite possible with the fi lm technology of the time 

to have faked the whole thing. If we turn to those with more than the 

average level of technical expertise, we fi nd that even there fakery of this 

sort is not easy to rule out. For example, it is reported that some Ameri-

can astronauts and other technical people disputed the fi lmed evidence 

of the fi rst Russian “space walk” (EVA) in 1965. The astronaut David Scott 

reports his reaction at the time as follows:

I was on my feet pacing by this point. “If this EVA is real, they’re not only 

ahead but pretty far ahead, at that. What proof do we have that this guy 

really went outside?”

1. Poor social judgments are the problem with those who believe in, say, newspaper 

astrology as a scientifi c theory. They are making a social mistake—they do not know the 

locations in our society in which trustworthy expertise in respect of the infl uence of the 

stars and planets on our lives is to be found. In chapter 5 we will develop these ideas fur-

ther using Wittgenstein’s notion of “family resemblance” as the basis of our theory of what 

should count as a fringe science and what sciences should count as continuous with West-

ern science. 

2. Susan Carter brought the relevance of the Moon landings to our attention.

Table 2: The lower part of the periodic table of expertises
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The fi rst grainy photographs released to the world press of Alexei 

Leonov fl oating in space sparked a heated debate in the West. Some 

claimed the photos were faked. They simply would not accept that the Rus-

sians had chalked up another fi rst.3

Given astronauts’ ability to doubt the Russian space walk, there is noth-

ing technical to stop ordinary people from doubting the story of the 

Moon landings.

What stops us doubting their validity is, once more, ubiquitous dis-

crimination, which is a social judgment. It is beyond the bounds of soci-

ological credibility, even ordinary people’s sociological credibility, that 

the thousands of people involved in the Moon missions could all have 

been organized to lie so constantly and consistently; we know that if 

there were any possible credence to the story of the fake, the Russians, 

deeply involved in the cold war as they were, would have exploited the 

doubts—yet they did not. Our ubiquitous social discrimination allows us 

to be sure about the Moon landings, even while the technical discrimina-

tion of those who were fairly close to the events does not.

To see how this kind of discrimination works in a more diffi cult case, 

consider cold fusion. As the cold fusion saga drew to a public conclusion 

around the last years of the twentieth century, most reasonably literate 

members of Western society, who knew nothing of cold fusion beyond 

what they had seen on the news or read in the newspapers, “knew” 

that cold-fusion had been tried and found wanting. Though there was 

a time when cold fusion was contiguous with science as we knew it, it 

was now understood that its cognitive and social networks no longer 

overlapped with those of legitimate scientifi c society. This knowledge 

had nothing to do with scientifi c competence. On the contrary, it was 

vital to ignore scientifi c credentials, and even track records of success, if a 

socially appropriate judgment was to be made. Thus Martin Fleischman, 

the co-founder of the cold fusion fi eld, had an enviable track record for 

success in the sciences, was immensely well qualifi ed, was honored as a 

Fellow of the Royal Society, and had both interactional and contributory 

expertise in cold fusion, yet still believed in the effect, contrary to the 

scientifi c consensus. What people in Western societies had in common is 

what they had heard about cold fusion in the broadcast media (popular 

understanding). Their consensual view, insofar as they had one, emerged 

from making social judgments about who ought to be agreed with, not 

3. Scott and Leonov 2004, 124.
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scientifi c judgments about what ought to be believed. To expect the citi-

zen to be suffi ciently educated in science as to be able to make scientifi c 

 judgments in disputed esoteric matters like this was the futile aim of the 

old COPUS-like organizations. (Because “distance lends enchantment” 

they will, however, fi nd many who will enthusiastically endorse their 

aims—ordinary citizens who think that having read a popular book or 

two they now understand cold fusion better than a Fellow of the Royal 

Society with a lifetime of relevant practical experience.)4 The crucial 

judgment, however, is to “know” when the mainstream community of 

scientists has reached a level of consensus that, for all practical purposes, 

cannot be gainsaid in spite of the determined opposition of a group of 

experienced scientists who know far more about the science than the per-

son making the judgment. Note that this is not the sort of judgment that 

we would expect even an immaculately qualifi ed scientist from “another 

planet” to be able to make. A scientist from another planet, reading pub-

lished papers for and against cold fusion, would have diffi culty working 

out who was right; the scientifi cally ignorant citizens of this planet, in 

contrast, had a relatively easy decision to make.5

External Judgment: Local Discrimination

There is a quite different version of discrimination that pertains to more 

specialist groups. At this point we need to introduce one of the most infl u-

ential studies of the nature of expertise—Brian Wynne’s examination of 

events on the Cumbrian fells following the Chernobyl nuclear meltdown 

in 1986. Wynne’s work has been infl uential in both a positive and nega-

tive way. It has helped to establish the idea that technical expertise can 

be found beyond the normally recognized qualifi ed groups, but it has 

also given rise to much confused thinking about the extent to which 

laypersons can be experts. Wynne looked at the interaction between the 

UK Ministry of Agriculture Food and Fisheries (MAFF) scientists and the 

Cumbrian sheep farmers after radioactive fallout contaminated their pas-

tures.6 Wynne argued that the expertise of the sheep farmers in respect of 

sheep ecology should not have been ignored by the scientists—the sheep 

farmers had what he called “lay expertise.” Though spotting the expertise 

4. Which is the fl aw in the “defi cit model” of public understanding of science.

5. See Collins 1999 for a similar argument in respect of the rejection of claims about the 

existence of gravitational waves.

6. Wynne 1989, 1996a, 1996b.
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of the sheep farmers was insightful, “lay expertise” was an unfortunate 

choice of term because of its potential to cause confusion. For example, 

the term has often been interpreted as meaning that laypeople possess 

specialist expertise. It would have been better if Wynne had talked of 

experts without formal qualifi cations. For example, the sheep farmers are 

not laypersons; they are experts in sheep farming who happen to have 

no paper qualifi cations. The sheep farmers have a specialist contributory 

expertise. Their expertise is esoteric, highly relevant to the ecology of 

sheep on radioactive fells, but, unfortunately, it went unrecognized by 

Ministry scientists.7 As a group of contributory experts, discussion of the 

sheep farmers’ expertise belongs in chapter 1.

But Wynne also found that in addition to contributory expertise the 

farmers possessed what we will call “local discrimination,” which is more 

properly a topic for this chapter. Soon after the Second World War, the 

Windscale-Sellafi eld nuclear processing plant was built on the Cumbrian 

fells, and the farmers thus had long experience of the nuclear industry’s 

pronouncements concerning radioactive contamination; they knew that 

these pronouncements could not be taken at face value. An outsider, with 

less experience of discussions of radioactive contamination in this partic-

ular social and geographical location, would not have been able to judge 

the pronouncements with such fi nesse. The sheep farmers were able to dis-

count statements by the nuclear industry’s spokespersons, but in this case 

it was a result of local experience rather then a more generalized discrimi-

natory ability developed over a lifetime of social and political education. 

Local discrimination in such a case is analytically, and sometimes practi-

cally, distinct from contributory expertise. For example those long-term 

residents of the area surrounding Windscale, who knew nothing about 

sheep farming, almost certainly knew quite a lot about the nature of the 

assurances offered by the representatives of the local nuclear industry.

Another study by Wynne reinforces both the point and the confusion 

between local and ubiquitous discrimination. Wynne describes the experi-

ence of apprentices working in the radioactive materials industry. He sug-

gests that the apprentices felt they had no need to contribute to their own 

safety by trying to understand the science of radioactivity because they 

were “intuitively competent sociologists” and “vigilant and active seekers 

of knowledge . . . tacitly and intuitively, positioning themselves, using 

their knowledge of their social relationships and institutions.”8 Wynne 

7. Or so we understand.

8. Wynne 1992, 39. 
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argues that the apprentices used their social understanding as a basis for 

trust in their employers. In a later article, referring to the same group, he 

says that these apprentices’ “technical ignorance was a function of social 

intelligence.”9

There are two ways of looking at Wynne’s discussion of the appren-

tices. It could be an example of local discrimination. In that case the 

apprentices would be seen as using their local competence in understand-

ing the trustworthiness of their particular employers and their own place 

within the social networks of trust operating in that particular workplace 

to assess the safety of the procedures in which they were involved. On 

the other hand, the apprentices might be doing no more than any of us 

do when we trust the institutions which surround us. For example, when 

we put money in the bank we do not say that we have no need to under-

stand economics because we are “intuitively competent sociologists” and 

“vigilant and active seekers of knowledge . . . tacitly and intuitively, posi-

tioning ourselves, using our knowledge of [our] social relationships and 

institutions.” This language seems quite unnecessarily folksy and roman-

tic. Would we say we are using our social understanding as a basis of trust 

in the bankers and that our economic ignorance was a function of social 

intelligence? Well, yes, but it is a passive kind of knowledge—something 

that we learn in the same way as we learn a language. It is the kind of 

“knowledge” that is the basis of all trust in society. It will differ from 

society to society, and it will occasionally be breached (as when there is 

a “run on the banks”). It would be, nevertheless, a ubiquitous expertise 

and as such would not really solve any local and technical problem. What 

should be clear is that for discrimination to be “esoteric” it must be local 

discrimination not ubiquitous discrimination. In the case of the appren-

tices, if their discrimination was of the ubiquitous kind, then no amount 

of sugaring the pill makes them other than uninformed in respect of 

their own safety; if it was local discrimination—they had learned who to 

trust and who not to trust as a result of long experience in their particular 

workplace—then that is a different matter.10

9. Wynne 1993, 328.

10. Gravitational wave scientists report that they use the following criteria to judge 

whether an experiment by another scientist needs to be taken seriously: faith in experi-

mental capabilities and honesty, based on a previous working partnership; personality and 

intelligence of experimenters; reputation of running a huge lab; whether or not the scientist 

worked in industry or academia; previous history of failures; “inside information”; style 

and presentation of results; psychological approach to experiment; size and prestige of uni-

versity of origin; integration into various scientifi c networks; nationality.
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Problems of External Discrimination

Local discrimination, like ubiquitous discrimination, is a meta-expertise 

that is external to the expertise being judged because it does not depend on 

the understanding of the expertise being judged but upon an understand-

ing of the experts. It is, as explained at the beginning of this chapter, a way 

of reaching technical conclusions via nontechnical means. In general it is 

very unreliable because of the temptation to read too much into stereo-

typical appearances and stereotyped behavior. It was this tendency to read 

too much into appearance that was exploited by the “scientists in white 

coats” who, for many years, assumed and were given a license to speak 

with authority on almost any subject. It could be said that the stereotype 

of the scientist was what gave rise to the misleading picture of the power 

of logical thought and experimental genius. It could well be argued that 

the public’s misunderstanding of the MMR controversy (see chapter 5) 

was partly a product of the demeanor of Andrew Wakefi eld—a young, 

handsome, kindly and, seemingly caring doctor up against the establish-

ment. Again, the remarkable Dr Fox Lecture should warn us against judg-

ments based on demeanor. Dr Fox was an actor hired to present a lecture 

to university audiences. The content of his talks were impressively tech-

nical-sounding gobbledygook. Answering a questionnaire after the per-

formance, large proportions of the audience expressed themselves well 

satisfi ed with what they had heard.11 Of course, there is also an equally 

misleading counterstereotype: the mad, monster-creating scientist which 

gave rise, at the time of the controversy over genetically modifi ed organ-

isms, to the famous British newspaper headline referring to “Franken-

stein Foods.” Nevertheless, judgments on the basis of demeanor and 

social position are often made within science (see footnote 10), so we 

should not dismiss them out of hand when they are made by the public. 

Furthermore, there are restricted and special circumstances where public 

discrimination seems sound. Some examples have been provided above: 

the Moon landings, cold fusion, and circumstances where members of 

the public were able to induce from past misleading statements that cur-

rent statements about safety and the like were also likely to be mislead-

ing or, perhaps, vice-versa in the case of Wynne’s apprentices. It should 

be noted that these examples turn on either a fairly good understanding 

The fi rst, second, sixth, eighth and tenth items could be said to be matters of local dis-

crimination with the remaining items matters of ubiquitous discrimination.

11. Naftulin, Ware, and Donnelly 1973.
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of social life or enough relevant experience to give rise to fair inductive 

inferences and do not imply the reliability of less well-founded discrimi-

nations. When the conditions are met, we seem to have what we might 

call “transmuted expertise”—a transmutation of social knowledge into 

technical knowledge. What we can say for certain, a point we will return 

to in the fi nal chapter, is that discrimination of this kind is not part of 

the legitimate methods of science. When scientists discriminate in these 

ways, they do not trumpet the method in publications nor in any other 

part of the “constitutive forum.”12 Likewise, when the method is used by 

the public, it does not, and should not, be accepted as a legitimate input 

to scientifi c method.

Internal Judgments of Expertise and Their Problems

What other ways are there of judging between experts? The standard 

method of choice is by reference to the qualifi cations of the expert.13 This 

we now know to be inadequate because it is possible to have expertise, 

and that includes specialist expertise, in the absence of qualifi cations. 

Thus, Wynne found that the uncredentialed Cumbrian sheep farmers 

knew a great deal about the ecology of sheep, the prevailing winds, and 

the behavior of rainwater on the fells that was relevant to the discussion 

of how sheep should be kept so as to monitor and reduce the impact of 

the radioactive fallout.

A still better documented case of uncredentialed persons gaining 

expertise is Epstein’s study of AIDS treatment activists in the 1980s.14 In 

1985 a new drug, AZT, was about to be subjected to double-blind ran-

domized control trials. AIDS sufferers were concerned that too many 

of those who were assigned to the placebo groups would die before the 

drug was approved. They therefore began a campaign for the introduc-

tion of speedier testing regimes, the relaxation of test protocols, and ear-

lier release of potentially benefi cial treatments. At fi rst the suggestions 

of the activists—a group whose members’ dress codes and presentation-

of-self was as far from the world of medical orthodoxy as it was possible 

to be—were resisted. Robert Gallo, the co-discover of HIV, is reported as 

being initially hostile to the AIDS activists, saying to members of one of 

12. Collins and Pinch 1979.

13. But bear in mind that even the most well-trained and accredited professional some-

times turn out to be incompetent.

14. Epstein 1996. See also Collins and Pinch 1998, or 2005 for a summary of Epstein’s 

study.
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their pressure groups, “the AIDS Coalition to Unleash Power” or ACT UP: 

“I don’t care if you call it ACT UP, ACT OUT or ACT DOWN, you defi nitely 

don’t have a scientifi c understanding of things” (Epstein 1996, 116). The 

activists, however, undertook an arduous course of self-education and 

learned the language of medical discourse. Most importantly, they added 

to a developing understanding of microbiology and statistics their experi-

ence of how AIDS sufferers would actually respond to the demands placed 

upon them by the protocols of randomized control trials. They knew that 

these demands were unrealistic: since death was in constant prospect, the 

groups regularly smuggled untested cures from Mexico, continued to take 

other drugs which were banned and which had the potential to confound 

test statistics, and even shared placebos and trial drugs between experi-

mental groups. ACT UP knew that the randomized control trials were not 

working as the scientists assumed they were.

Eventually, the activists gained so much interactional expertise in 

research design that, allied with their experience, they were able to make 

real contributions to the science that were warmly embraced by the sci-

entists. Gallo was to come to say of one of their leaders that he was “one 

of the most impressive persons I’ve ever met in my life, bar none, in any 

fi eld. . . . I’m not the only one around here who’s said we could use him 

in the labs.” Gallo is also said to have described some activists’ scientifi c 

knowledge as of an “unbelievably high” standard. He said: “It’s fright-

ening sometimes how much they know and how smart some of them 

are” (Epstein 1996, 338). The AIDS activists, though unqualifi ed in any 

fi eld that bordered on medical science, eventually trained themselves to 

a point beyond that of the Cumbrian sheep farmers, a point at which the 

science community took them very seriously indeed, not least because it 

enabled them to do better science.

Any criterion of expertise has to allow groups such as the Cumbrian 

sheep farmers or the AIDS activists to be included in the category of 

expert, and that is why the criterion of formal qualifi cation or accredita-

tion is too exclusive. We suggest that a more important criterion than 

qualifi cations is experience. If there is to be a general criterion of expertise, 

experience is the leading candidate. The criterion of experience would 

include the Cumbrian sheep farmers, the AIDS activists, and the like.

Note that there is no problem about judging expertise at the lower 

levels of the ladder. A general knowledge quiz such as Trivial Pursuit can 

discriminate adequately between levels of beer-mat knowledge, while 

higher level quizzes or examinations can discriminate profi ciency in pop-

ular understanding or primary source knowledge. Indeed, much of our 
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education system is dedicated to discriminating precisely at these levels, 

and hence the perennial complaints of employers that graduates come 

to them unfi t for the workplace, where a different kind of  expertise—

the level of expertise associated with doing rather than knowing—is 

required. It is at these higher levels of expertise that the problems of judg-

ing expertise, both practical and conceptual, arise. We begin our investi-

gation of the deeper problem by looking at those who pass themselves off 

as experts whereas according to most criteria they are not. We start, then, 

with hoaxers, frauds, and confi dence tricksters.

Hoaxers, Frauds, and Confi dence Tricksters

There are bogus doctors, bogus lawyers, bogus nurses, and bogus para-

medics, bogus gas and electricity meter readers, and bogus traffi c police. 

There has been at least one bogus Oxford don, at least one bogus army 

general—who turned out to be a woman posing as a man—a bogus 

Roman Catholic priest, and bogus CIA men. It seems, then, given the 

right conditions, people are ready to attribute almost unlimited expertise 

and authority to people whose behavior can, given a stretch of the imagi-

nation, be interpreted as indicating that they have it.

The phenomenon has been marvelously exploited in fi ction. To pick 

one example among many, Jerzy Kosinski’s book, Being There (1971) sub-

sequently made into a fi lm of the same name, shows an educationally 

subnormal, sexually neuter, but well-dressed gardener, the eponymous 

“Chauncey Gardiner,” rise from unemployment to become president 

of the United States complete with a reputation for innovatory sexual 

adventure. It happens because a band of hangers-on reinterpret his mini-

mal vocabulary as the profound and gnostic discourse of a sage and rake.

In relational theories of expertise there is a problem about how to deal 

with frauds and hoaxes. If expertise is attributed to a hoaxer, there is lit-

tle more to say about it—the relevant topological location in the network 

has been achieved. The problem for a relational or attributional theory 

is what is special about hoaxes and frauds (before they are exposed), as 

opposed to genuine exercises of expertise. Indeed, this problem has been 

made into a virtue—the study of the attribution of the label “hoax” being 

the very point of some analyses.15 Since we are concerned with judgment 

of expertises, however, we need to ask which kinds of role are more or 

less diffi cult to fake: Which kind of expertises is it easy to make a mis-

15. See, for example, Brannigan 1981. 
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take about, which are more easy to judge, and why? Thus, in the case of 

the “expertise” of, say, lying in bed in the morning, there is no exper-

tise to fake, so anyone can say they are an expert in it without fear of 

 contradiction: there are no confi dence tricksters when it comes to lying in 

bed. There are, on the other hand, few or no confi dence tricksters when 

it comes to solo violin-playing. At least, there are no confi dence tricks in 

which a solo performance with an orchestra playing a well-known piece 

is part of the scam. In between are all the interesting cases, some more 

easy to fake than others.

A famous case is that of the trivially simple computer program, ELIZA, 

which was easily able to fake the expertise of a Rogerian psychothera-

pist. More recently, and uncomfortably “close to home” for some of the 

readers of this book, there is the case of the Sokal hoax. Alan Sokal sub-

mitted a manuscript for publication in the journal Social Text using the 

stylistic clichés of the semiotic turn in the cultural analysis of science; 

the journal published the paper only to have it revealed as a hoax, Sokal 

 proclaiming “the emperor has no clothes.” The idea of a hoax of this type 

is all in the revelation; if the perpetrator can show it is easy to pretend to 

have the expertise in question, then the expertise is made to look more 

like lying in bed or Rogerian psychotherapy than solo violin-playing. 

Sokal’s hoax may have exposed lax editorial practices at Social Text, but it 

reveals little more since hoaxes are not so hard to pull off even in theoreti-

cal physics.16

16. To be exact, ELIZA’s mistakes tended to be in its language-handling rather than the 

substantive content of its output. For discussion of this case, see Weizenbaum 1976;  Collins 

1990. Sokal’s more extended conclusion, and that of many of his admirers, namely there 

is a large gulf between the integrity of the social and the natural sciences, was not borne 

out by events. Not much later a number of papers by the Bogdanov brothers on string the-

ory were published in a variety of physics journals, and a long argument followed about 

whether they were genuine or a hoax; not being to pin down whether a paper really is a 

hoax after extended examination is, perhaps, still more embarrassing than the hoax car-

ried off by Sokal. It is likely that at the cutting edge of all disciplines there are areas where 

no-one is really sure about what the new conventions should be, just as in the case of the 

avant-garde in the arts.

The original Sokal hoax is Sokal 1996. For more references see http://www.physics.nyu

.edu/faculty/sokal/#papers. For the Bogdanov brothers event see http://math.ucr.edu/

home/baez/bogdanov.html. 

Note that there is a diffi culty for those who would want to defend a journal with a 

“postmodernist mission,” such as Social Text, from the predations of hoaxers such as Sokal. 

The diffi culty is that, even to accept that Sokal has transgressed a boundary, they have also 

to accept that there is a difference between the genuine exercise of an expertise and its attri-

bution. They have to agree, then, that even if there is nothing but attribution to everyone 

else’s expertise, there is something real about their own. 
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Hoaxes and frauds are more easy to carry off than they should be 

because of the well-known tendency of their targets to “repair” defi cien-

cies in the skill of the perpetrator, especially when they have something to 

gain by believing in the performance.17 Part of the skill of the  professional 

con-artist is to make the victim believe that he or she can bring them 

great fi nancial gains, but the principle is universal: in nearly every case of 

a bogus performance, life for those around the fake will be much more 

inconvenient if they have carry out a complex investigation and perhaps 

replace a hitherto trusted colleague with someone else. That is why, even 

in the case of solo violin-playing, we have to say that the musical piece 

must be a “standard.” If it is not a standard, then the audience, who have 

paid good time and money to hear a virtuoso performance, will be all 

too ready to believe that that is what they are hearing; they might, for 

example, believe they are present at a rendition of some avant-garde com-

position, or a piece of “conceptual art” the nonmelodiousness of which is 

the very point, since it asks questions about the meaning of music.

The role of avant-garde artist has been nicely satirized in the 1961 

comedy fi lm, The Rebel. In the fi lm the comedian Tony Hancock plays an 

incompetent and untrained “artist” who fi nds himself sharing a  garret-

fl at in the Bohemian quarter of Paris in the 1950s. As a result of a series 

of accidents, he is “taken up” by Bohemian society, and for a while his 

smears are treated as great works of art.18 We are amused but not sur-

17. Collins and Pinch (2005, chapter 1), discuss fakes in general and a case study of 

bogus doctors carried out by Collins and Hartland. Bogus doctors are rarely unmasked as 

a result of medical mistakes because the surrounding team is ready to “cover” for them. 

Novice doctors, even though they have been through medical schools, have no experience 

and are expected to be unfamiliar with hospital conventions. As a result many bogus doc-

tors have the opportunity to learn on the job and become quite successful. Experience, what 

we consider to be the most reliable criterion of expertise, stands up well when confronted 

with the bogus doctor case. A bogus doctor who survives long in the profession becomes a 

skilled doctor, even though he or she may have no certifi cates. As a result medical profes-

sionals who work with bogus doctors can be astonished when they discover that they have 

been fooled: 

I’ve never been so shattered in my life when a nurse came up to me and said the CID [the 

detective branch of the police] had been there . . . and I said, “What for?” and they said, 

[Carter] “had never qualifi ed.” I felt as if I had been hit with an atom bomb. . . .

Had we been asked, and this was the general opinion of everybody when this came 

out, had we been asked to pick a doctor who was bogus, he would have been the very last 

of them all. (Quoted in Collins and Pinch 2005, 47)

18. The Rebel (Call Me a Genius in the USA) seems at fi rst sight to be an exact parallel 

to Being There, but the difference is that there are kinds of painting that cannot be faked 
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prised at this outcome because we know that with the avant-garde, as the 

very name implies, there are no established conventions of artistic prac-

tice upon which to base a judgment.19 That is also why we, or at least some 

of us, are relieved when we learn that Picasso was a brilliant artist within 

the conventions of realist depiction before he began to push forward the 

frontiers of art; knowing that he was so talented in ways which are rela-

tively easy to judge, we can feel more secure in our appreciation of his 

less conventional works. In the same way we might like to know whether 

well-known avant-garde artists such as Tracy Emin and Damien Hirst can 

draw well: if we knew that, we could use their more easily understood 

skills as a proxy for their talent in a world where conventions provide no 

scaffolding for judgment.20

Technical Connoisseurship

The exercise of expertise within an established convention is, of course, 

convention-bound. It is not that, say, realist painting contains within 

itself some universal standard obvious to all: the conventions of what we 

understand to be realism in art have had to be established and change 

 without artistic talent (successful art forgers must be technically accomplished), whereas 

that may not be true of the presidency because of the way the president is embedded in a 

body of advisors.

19. The notion of the avant-garde helps to explain how bogus doctors maintain their 

presence in medical settings before they have learned on the job. Novice doctors are drawn 

from training hospitals in many different countries, and medical practice is suffi ciently 

open to allow for a degree of variation which, while it may not be so great as in art, still 

provides a lot of leeway. 

20. When all the virtuosity seems to lie in establishing a new convention rather than in 

executing a skill, art seems to be reduced to marketing, and it is not unreasonable to feel 

uncomfortable. Thus, we do well to be concerned that the Saatchi brothers, who run what 

was the UK’s most successful advertising agency, are also the country’s most successful col-

lectors of avant-garde art and, co-extensively, the most powerful defi ners of its value. Obvi-

ously there is healthy ground for concern about this relationship if one believes that art is 

more than advertising.

This is also the easily understood and very reasonable reaction of critics to modern stud-

ies of science which take themselves too seriously as epistemology rather than methodology. 

In sociology of scientifi c knowledge, much of what used to be taken to be the exercise of 

skills within a convention is now understood to be coextensive with the establishment of a 

convention; this, for example, is the consequence of the experimenter’s regress for the use of 

replicated experiments in the establishment of the existence new phenomena—those exper-

iments that are counted as well executed are those experiments that produce what are taken 

to be valid fi ndings under the new conventions of seeing (Collins 1992). The hostile reaction 

is quite unreasonable to, say, sociology of scientifi c knowledge as a methodology, however.
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from epoch to epoch.21 Nevertheless, within a stable convention virtuosity 

can be recognized.

The ability to recognize skillful practice itself improves through 

 practice and that this is the case is recognized in terms such as “con-

noisseurship.”22 Connoisseurship is a meta-expertise. A connoisseur is, 

according the Chamber’s Dictionary, “a person with a well-informed 

knowledge and appreciation.” The dictionary defi nition tells us that the 

knowledge and appreciation are usually applied to fi ne food, wine, or the 

arts. But connoisseurship—that is, judgment honed by exercise—can be 

applied to all expertises, and we describe it when applied to such other 

expertises as “technical connoisseurship.”

Consider, for example, that a contractor is employed to make major 

alterations to a house. At various stages, and particularly at the end of 

the job, it has to be decided whether the work has been fi nished satis-

factorily. Imagine that some tiling has been done in the new bathroom. 

How even should the tiling be? How clean and square should the grout 

lines be? When has the job been fi nished? One can see immediately 

that there are conventions that give meaning to bathroom tiling, con-

ventions that would be unknown to someone who had never lived in a 

society with tiled bathrooms. Some of the conventions can be set out 

as formal standards. For example, to go around curves, should the tiles 

be cut with a diamond saw, or cut square to an approximation to the 

curve, or chipped and hacked, the gaps being fi lled with grout? Some-

21. Diffi culty of execution of a skill is, in the last resort, independent of convention. For 

example, suppose I decide to express my private artistry by peeling an apple in a spiral such 

as to produce a long unbroken ribbon of apple skin. To make a very long unbroken ribbon 

(imagine it only a couple of millimeters wide), might take months and months of practice, 

but there is no existing convention in which this expertise would be valued. To develop this 

skill would be like inventing a “private language” (though one could imagine an entrepre-

neur fi nding a way to have it taken up).

22. Goodman 1969 is relevant here but will be discussed at in chapter 5. Carlo Ginz-

burg’s paper “Morelli, Freud and Sherlock Holmes: Clues and Scientifi c Method” (1989) 

treats connoisseurship as the ability to detect the author of a work of art and associates its 

method not with the “Galilean” sciences but with that of Sherlock Holmes, of medicine, 

and of historical scholarship in that all of them deal with specifi c instances of events rather 

than general relationships. Ginzburg seems confused. Physical and biological sciences, the 

identifi cation of the provenance of paintings, and the method of Sherlock Holmes are all 

typically scientifi c activities: though they deal with specifi c instances, these instances are 

specifi c instances of general laws. In other words, general laws are applied to the specifi c 

cases under examination, just as, say, building a rocket to fl y to the Moon applies general 

physical laws to a specifi c instance. History, on the other hand, is different, as Popper points 

out, since the broad fl ow of history is a one-off event; to believe that science can predict 

one-off events is what Popper (1957) calls “historicism.” 
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how one must “negotiate” with the tiler over what will count as a sat-

isfactory job in terms of both the formalized standards and the unfor-

malized conventions. Interestingly, one may employ a professional—an 

architect—to do the negotiations. The fact that it is possible to employ 

a professional who may never actually have done any tiling to make 

these judgments shows that the crucial thing is experience within the 

conventions of judgment rather than experience of the skill itself. 

There is a connoisseurship of tiling. The judgment being exercised by 

architects, or homeowners, who themselves may not be capable of til-

ing (who have no contributory expertise) but who have seen and dis-

cussed many bathrooms, is based on interactional expertise.23 Interac-

tional expertise is the bridge between full-scale physical immersion in a 

form of life (which gives rise to contributory expertise) and non-expert 

acquaintanceship with the idea of tiling and the discourse pertaining to 

it. Interactional expertise enables architects to speak to both tilers and 

homeowners. The strong interactional hypothesis posits that by being 

immersed in the language community alone one may learn to “know 

what one is talking about” even if one cannot do the corresponding 

activity.

Is this, then, what Lord Campbell was getting at in his remarks about 

TV produces and sugar workers quoted in the introduction? No! Lord 

Campbell’s view was different because he implied that he did not need 

interactional expertise or specialist experience of any kind (outside of 

management) to make the judgments. Just as the general public cannot 

have expertise in all domains of specialization, neither can any single 

person. There may be some who would claim that refi ned judgment in 

all things is the inheritance of the members of a well-bred aristocracy, 

but if the aristocracy does have special qualities in this regard it is actu-

ally a matter of training in the specifi c domains of food, wine, or art. 

When they take it to be their birthright to extend that refi nement of 

taste to more technical domains things usually go wrong. The notion of 

 connoisseurship does not, then, safeguard a Lord Campbell-type view, 

though it does make safe the idea that it is at least possible to judge an 

expertise without being able to practice it.24

23. We are grateful to Kevin Parry and Mike Bergelin for providing a lived example 

of tiling. As with the Wittgensteinian description of following a rule—it is not possible to 

completely describe following the rule, but it is possible to know when the rule has not 

been followed properly.

24. See Shapin and Schaffer 1987 for the class basis of what was counted as legitimate 

“witnessing” in early scientifi c experiments. 
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We can now see more clearly why it was that in order to be sure to rec-

ognize that a solo violin-player was a fraud it would have to be a familiar 

piece of music that was being performed; it would have to be a piece of 

the general type in respect of which we were experienced listeners—the 

musical equivalent of bathroom tiling. Only in this way would the foun-

dation of ubiquitous, or at least relatively widespread, experience on 

which judgment must be based be distributed among the population of 

non-musician listeners.

Downward Discrimination: Peer Review and Its Variants

The claimed superiority of peer review as a method of judging scientifi c 

papers, grant applications, and the like is based on the idea that the best 

judges of an expertise are those who share the expertise; in these areas it 

is considered that only those with contributory expertise should judge 

those with contributory expertise. But, and this may be little more than 

a truism, the medium of judgment, even when contributory expertise 

is used to judge contributory expertise, is interactional expertise. Quite 

simply, the reviewer of, say, a paper or grant application in gravitational 

wave physics is not exercising contributory expertise—he or she is not 

engaged in the physically involving act of detecting gravitational waves 

at the time the review is being written; rather, the reviewer is exercising 

interactional expertise—the ability to talk or write about gravitational 

wave physics.25 Luckily, as we have seen, the relationship between con-

tributory and interactional expertise is transitive: to have contributory is 

to have interactional expertise. If the interactional expertise is latent, it 

will have to be realized to the extent that the reviewer is going to make a 

useful comment on the paper or application.

Now, the possession of contributory expertise can be taken to guaran-

tee that the maximum possible (latent) interactional expertise has been 

acquired, and that is a very good reason for taking contributory expertise 

to be a sound basis for judgment. A transitive relationship works one way; 

the possession of interactional expertise does not guarantee the posses-

sion of contributory expertise, but, according to the strong interactional 

hypothesis, someone who possesses it in full ought to be as good a judge 

of the contributory expertise to which it pertains as someone who has 

25. Of course, in one of the wider senses mentioned at the end of chapter 1, this is a 

contribution to gravitational wave physics. 
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the contributory expertise itself. In practice, however, the relationship is 

going to be more complicated. It is very hard in practice (though not in 

principle, as we have seen from Epstein’s study) for someone with no con-

tributory expertise to master the same level of interactional  expertise as a 

fl uent person with contributory expertise. So, in the main, but not always, 

those with contributory expertise will be (potentially) better judges than 

those without. The issue is confounded if the interactional expertise of 

those with contributory expertise remains largely latent—that is, if they 

lack interactional and refl ective ability. In such a case a person with a 

great deal of interactional and refl ective ability and a modicum of inter-

actional expertise may turn out to be the better (though less than opti-

mum) contributor to, say, a decision-making panel.26

A still stronger claim is sometimes made by art critics and the like. 

They say that a level of connoisseurship (which, as we have established, 

is itself based on interactional expertise) can be developed through 

assiduous viewing and discussing of art. They sometimes claim that this 

makes for judgments that are superior in principle to those of artists. For 

example, it might be argued that artists generally work in a narrow genre 

whereas critics have wide experience. Artists sometimes give implicit sup-

port to this kind of claim by refusing to exercise their interactional and 

refl ective abilities, preferring to “let the art speak for itself.”

In writing the above passage we have talked not just about the broad 

boundaries of potential expertise but about what might make one expert 

better than another. We have more or less said that, other things being 

equal, in the matter of judging an expertise “E,” the more (realized) inter-

actional expertise in E the better. This leads us onto dangerous ground, 

but it is ground that cannot be circumvented. It is dangerous because 

three decades of research in science and technology studies has shown 

us that internal judgments made by one expert about another are always 

contestable.27

Does this mean we have fallen into an epistemological trap? The 

answer is that if it is a trap it is a shallow trap. It must be possible to 

make certain internal judgments about expertise. If it were not, none of 

26. Here, as we shall argue in chapter 5, lies an important difference between the 

 sciences and at least some of the arts. In the arts, the locus of judgment favors realized 

interactional expertise and so it favors interactional and refl ective ability more highly than 

do the sciences. 

27. It is the very contestability of such judgments that make relational theories of exper-

tise so attractive. 
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the comparisons we have discussed in the section on hoaxing and faking 

would make sense. In the absence of internal judgment it would make 

no sense to say that solo violin-playing is more diffi cult to fake than 

ability in avant-garde art because the difference between skillful and 

unskillful performances of all kinds would be impossible to notice. Life 

would be one long gamble with chance when it came to judging even 

a diffi cult expertise like violin-playing and clearly there is more to life 

than this. Confi dence trickery and the like would cease to be a puzzle 

in need of explanation because it would come as no surprise that an 

unskilled person could pass themselves off as a skilled person—there 

would be no trick in it—there would be nothing to be explained. In other 

words, we could not make sense of the way we live our lives without 

some notion of internal assessment of expertises. So how do we make 

internal judgments about expertise that are more likely to be right than 

wrong?

The principle toward which we are working is what we will call “down-

ward discrimination.” We claim that judgments can be made within a dis-

cipline even though the judge’s expertise within the discipline is very low; 

it can be done when those being judged have a recognizably lower level of 

expertise. Consider a claim made by a participant in the UK debate about 

the safety of genetically modifi ed foods. The participant insisted that 

since radioactive tracers are used to mark genes during genetic manipu-

lation then the genetically modifi ed foods that result would themselves 

be radioactive. Nearly all readers of this book will understand that this 

claim is incorrect. They will be able to exercise downward discrimination 

even though, in many cases, it will be on the basis of almost no specialist 

knowledge of the particular science under discussion. It is just that the 

person making the claim has recognizably less knowledge.28

There is an important difference between external and internal judg-

ment in this regard. External judgment does not have a preferred direc-

tion: it can be applied equally well upward, downward, or horizontally. 

That is to say, an ordinary person can reasonably distrust the demeanor 

or interests of even highly technically experienced and highly qualifi ed 

spokespersons for the nuclear industry, or the tobacco industry, or any 

other industry, even if he or she is in no position to question their claims 

on technical grounds. With internal judgments the epistemological prob-

lem means secure judgment can run only downward, not upward nor 

28. We are grateful to Matthew Harvey for this example, which is taken from his 

 fi eldwork observations of the UK debate.
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horizontally. Where the direction is horizontal, there are only arguments 

and negotiations.29

Because it is impossible to make a technical assessment of the techni-

cal understanding of an expert with more expertise, those downwardly 

discriminated against may not recognize the validity of the judgment; 

higher levels of expertise may not be recognized for what they are. Well-

founded downward technical discrimination is all too easy to confound 

with bias by those on the receiving end of negative judgments.30

Why doesn’t the idea of downward discrimination simply return us to 

the old fashioned view of top-down scientifi c authority? Because it works 

only where there is a settled consensus. Thus, in a critique of the public 

understandings of GM foods we can exercise downward discrimination 

only in respect of those aspects of the argument where debate is long set-

tled, not in respect of the technology of GM as a whole. For example, we 

can criticize such things as the claim that GM foods expose the consumer 

to radioactivity because radioactive isotopes are sometimes used as mark-

ers in GM laboratory experiments, but we cannot criticize the suggestion 

that insuffi cient testing has been done to guarantee that herbicide resis-

tance will not spread to weeds and the like; in the latter case there is no 

settled scientifi c consensus to draw on.

To sum up, we all tend to believe we can make internal judgments 

of expertises upward, downward, and horizontally. The sociology of 

 attribution is the study of the way actors negotiate the right to judge 

expertise; public legitimacy can be assigned to judgments made in any 

direction, and those judgments which do in fact gain public legitimacy 

gain it as an outcome of the interplay of power, alliance-building, and so 

forth. For example, in recent years the folk wisdom view has given a great 

deal of legitimacy to upward judgments while reducing the potency of 

downward judgments. The normative view that we are developing here is 

that internal technical judgments, which are of a good enough quality to 

contribute to science and technology policy, can be made only when they 

run downward.

29. This is the situation that holds between bathroom tiler and householder or archi-

tect. The architect is brought in not because he or she is better at recognizing good tiling 

but because his or her professional status can be invoked to settle what might otherwise 

be an endless argument about standards. The point is that the interactional expertise of 

 householder or architect will not in itself settle the issue, it being applied horizontally at 

best, but it does give its possessor a place at the negotiating table. 

30. All the judgments we describe may, of course, be wrong. That is the nature of 

judgment. 
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Referred Expertise

Another kind of reasonable internal judgment is based on referred exper-

tise. Referred expertise is expertise taken from one fi eld and indirectly 

applied to another. The term is taken from the idea of “referred pain”—

for example when a back injury results in pain in the leg. Consider the 

managers and leaders of large scientifi c projects. In general they will not 

possess contributory expertise in respect of the many fi elds of science 

they must coordinate. Thus, Gary Sanders was fi rst a professor in the fi eld 

of high energy physics, then became the project manager of LIGO (the 

Laser Interferometer Gravitational-Wave Observatory), which turned on 

the very different science of interferometry, and at the time of writing has 

taken up the post of director of a major new telescope-building project—

again a very different fi eld. He remarked to Collins: “They give you the 

keys to the Thirty Meter Telescope on Day One and say, ‘Drive it.’ I found 

myself making key design decisions, not really knowing the history, the 

lore, the tradition, the lessons learned in the telescope.” He added: “I’m 

not an observing astronomer. I have to listen to the arguments of ‘planets 

versus galaxy formation versus stellar populations,’ and ‘this instrument 

should be a fi rst light instrument and that instrument should be fi rst,’ 

and the campaign has already begun. . . . In the end, guess what?—The 

guy who’s never spent a night on a mountain opening the shutter and 

doing an astronomy observation is going to say ‘I selected [this approach] 

and these are my reasons.’ What the hell is that?” Sanders explained the 

way he had learned during his fi rst eighteen months on the project, using 

the vocabulary he had discussed with Collins:

I was concerned that I just would not understand it. But I’ve found that, 

remarkably, what you call interactional expertise was not hard to achieve. 

I couldn’t design an adaptive optics system but I really do, after six to nine 

months in the fi eld, I really do understand the different kinds of adap-

tive optics and the way that they work and I can draw a schematic and 

defi ne the algorithm, and understand the technological readiness of the 

different techniques—which ones are really ready to apply to the sky and 

which ones need to be demonstrated and certain components have to be 

 developed. . . .

I can sit down with a bunch of adaptive optics experts who will come 

to me and say “Gary you’re wrong—multi-object adaptive optics will be 

ready at fi rst light and it will give the following advantages . . .” and I shall 

say “No, it’s multi-conjugative adaptive optics” and I can give them four 
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reasons why we should go with multi-conjugative adaptive optics based on 

the kind of science we want to do, the readiness of the technical compo-

nents, when we need them, and so on, and I will see as I am talking about 

it that the room is looking back at me and saying “He does have a line, he’s 

thought it through.”

[But] if someone said to me, “OK Sanders, we agree with you, now go 

and design a multi-conjugative adaptive optics system,” I couldn’t do it. 

I couldn’t sit down and write out the equations. . . . But I can draw a dia-

gram of what each part does, where the technological readiness of each 

one is—what the hard parts are—I know the language and I actually feel 

qualifi ed to make the decisions.

Looking back to his period at LIGO, he said:

I can’t design the LIGO interferometer. I can’t sit down and write down 

all the transfer functions and work out the noise budget like [named sci-

entist] can. But if he gave a talk on it I could follow it. I can understand 

the important parts and the hard parts, partly by listening and partly by 

quantitatively understanding, but I couldn’t come back and compose the 

symphony. But I was in a position where I had to decide. So it’s a matter of 

who I listen to and which parts seem like they carry the argument—what 

it is that we want. . . . That’s more than interactional but it’s not quite con-

tributory in, I think, your usual sense of the word.31

In most specialist domains in the fi eld they have to manage, the manag-

ers, then, have interactional expertise but not contributory expertise.32 

Does this mean that their technical expertise is no greater than that 

of, say, a sociologist who has developed interactional expertise? To say 

“yes” seems wrong—as Sanders says, there is something going on that 

is a bit more than interactional expertise. The resolution seems to be 

that, although, as we can see, contributory expertise is not required to 

manage even the science of a scientifi c project, management does need 

kinds of expertise that are referred from other projects. The managers 

must know, from their work and experience in other sciences, what it is 

to have contributory expertise in a science; this puts them in a position to 

understand what is involved in making a contribution to the fi elds of the 

31. Interview, 22 October 2005, Laguna Beach.

32. For examples of disagreement over whether managers from high energy physics had 

the competence to manage LIGO scientists, see Collins 2004a.
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scientists they are leading at one remove, as it were. Managers of scien-

tifi c projects with referred expertise would manage better (as well as with 

more authority and legitimacy) than those without it.33

The experience in other fi elds is applied in a number of ways. For 

example, in the other sciences they have worked in, they will have seen 

that what enthusiasts insist are incontrovertible technical arguments turn 

out to be controvertible; this means they know how much to discount 

technical arguments. They will know how often and why fi rm techni-

cal promises turn out not to be delivered. They will know the dangers of 

allowing the quest for perfection to drive out the good enough. They will 

have a sense of how long to allow an argument to go on and when to draw 

it to a close because nothing new will be learned by further delay. They 

will have a sense of when a technical decision is important and when it 

is not worth arguing about. They will have a sense of when a problem is 

merely a matter of better engineering and when it is fundamental. Inter-

actional expertise is the medium through which this kind of expertise is 

made referable from one fi eld to another.

We know that not all managers of scientifi c projects have referred 

expertise. General Groves, who ran the Manhattan Project, seems to be 

a case in point.34 The question of whether you need referred expertise to 

manage a science is, presumably, related to the question of how much 

specialist knowledge you need to manage anything. If you believe that 

referred expertise is a good thing for managers, then to manage the mak-

ing of “X” you need, at the very least, experience in making the closely 

related “Y.” Does this work for Lord Campbell’s position? Again, it prob-

ably does not because making sugar and making television programs are 

not closely related in this sense. Indeed, that is the very point of Lord 

Campbell’s outburst.

Referred expertise, of course, is not the only kind of expertise needed 

by the manager of a scientifi c project. Such a manager also needs 

 expertise in fi nancial management, human resource management, net-

working skills, political skills, and so forth; some of these will comprise 

the contributory expertise of management itself. Crucially, a manager of 

a scientifi c or technological project will need local discrimination; they 

33. Though in the case of LIGO, some scientists thought that the referral was from 

too distant a site. They thought that high energy physics, from where the managers came, 

gave them a misleading picture of the skills required to do interferometry: “What I found 

 disappointing was that after two years the project manager still didn’t really know what it 

meant to do interferometric detection of gravitational waves” (quoted in Collins 2004a). 

34. See Thorpe and Shapin 2000. 
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will need to know how to judge, if not between the competing scientifi c 

arguments in the specialism, at least between the scientists in the spe-

cialism. The manager will have to listen to the competing claims of dif-

ferent  specialists, each of whom will be more accomplished in terms of 

 contributory expertise in the specialism, and judge between them as spe-

cialists as well as judging between their arguments.35

Meta-criteria: Criteria for Judging Expertises

Our goal, as explained at the outset of this discussion, is to fi nd ways to 

separate those who fall into the envelope of potential judges in respect 

of various expertises from those who fall outside that envelope. Another 

way to try to do this is by reference to externally measurable criteria.

Credentials

The standard way to try to measure expertise externally is by reference 

to credentials such as certifi cates attesting to past achievement of profi -

ciency. Possession of certifi cates will defi ne a number of kinds of expert, 

but note that there are not credentials that indicate possession of many 

of the expertises we have discussed so far. There are no credentials for 

fl uency in one’s native language, nor for moral judgment, nor for politi-

cal judgment. There are no credentials for ubiquitous discrimination, 

no credentials for the ability to distinguish between experts and novice 

 violin-players, nor for the majority of other forms of connoisseurship (the 

exception being some kinds of professional roles that involve connois-

seurship such as that of the architect). Above all, there are no credentials 

for experts such as the Cumbrian sheep farmers or the AIDS activists. 

Therefore we conclude that credentials are not a good criterion for setting 

a boundary around expertise.

35. Though bear in mind that, as sociology of scientifi c knowledge has shown, and 

as scientists acknowledge, judging the science even within an esoteric specialism often 

amounts to judging the scientists. For a sociological analysis see Collins 1992; for a scien-

tist’s remark, see Wolpert 1994, who says: “Scientists must make an assessment of the reli-

ability of experiments. One of the reasons for going to meetings is to meet the scientists in 

one’s fi eld so that one can form an opinion of them and judge their work.” 

In the management of large scientifi c project, referred expertise can have advantages 

over contributory expertise; it carries less commitment to any particular way of doing things 

and can make for more unbiased decision-making (Collins 2004a). For further analysis of 

exactly what it is that the managers of big science projects do, see Collins and Sanders 2008 

(forthcoming).
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Track Record

Track record is a better criterion than credentials. The philosopher Alvin 

Goldman argues that track record of success in making sound judgments 

is a way for laypersons to choose between experts.36 Reference to track 

record of success will certainly exclude a lot pseudo-experts but, again, it 

excludes too many. For example, it again excludes the sheep farmers and 

the like who might be applying their expertise to a technical debate in the 

public domain for the very fi rst time. Likewise it excludes the ubiquitous 

and local discrimination of the public, for which no track records of success 

are available. Even when we get to qualifi ed scientists and  technologists, 

disputed expertise often concerns new fi elds for which there are no track 

records, fi elds in which track records take decades to establish, and fi elds 

in which the meaning of success is ambiguous. Track records, then, are 

only sometimes better than qualifi cations, and the “sometimes” are likely 

to be those where disputes are shallow rather than deep.

Experience

A criterion that does seem to set the boundary in a better place is experi-

ence in a domain. This nicely includes the sheep farmers, the AIDS activ-

ists, and all the other categories of expertise that we have described while 

excluding the general public from technical domains. We know from 

the outset that without experience within a technical domain, or experi-

ence at judging the products of a technical domain, there is no specialist 

expertise. Without experience of doing science, talking to scientists, play-

ing or listening to violin-playing, or looking at and discussing bathroom 

tiling, the minimal standards for making judgments in these areas have 

not been met.

Thus, examination of the experience of, say, an Alan Sokal, would 

have been a better guide to the value of his work on “a transformative 

Hermeneutics of Quantum Gravity” than superfi cial peer review, and the 

same applies to Chauncey Gardiner, Hancock’s avant-garde artist, and 

any number of confi dence tricksters.37 Confi dence tricks and other such 

scams work when experience is attributed to the fraud on the basis of short 

acquaintance, whereas knowledge of their lack of experience would elimi-

36. Goldman 2001. See also Kusch 2002 on testimony.

37. See Sokal 1996.
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nate them from the class of experts. (Though, of course, if they did have a 

lot of experience, that would not guarantee that they were competent.)

Periodic Table of Expertises Summarized Again

Let us now summarize what we have said about kinds of expertise. Once 

more we read down The Periodic Table of Expertises—Table 1.

Ubiquitous Expertises are acquired by all members of human societies 

in the course of the normal “enculturation” that takes place during 

upbringing. They include fl uency in the natural language of the society 

and moral and political understanding. Ubiquitous expertises are the 

beginnings from which all other expertises are built.

Dispositions such as interactive ability and refl ective ability convert latent 

interactional expertise into realized interactional expertise.

Specialist, or domain-specifi c, expertises include those with a relatively 

invisible component of ubiquitous tacit knowledge such as beer-mat knowl-

edge, popular understanding, and primary source knowledge, and the full-

blown specialist tacit-knowledge-laden expertise which enables those who 

embody it to contribute to the domain to which it pertains;38 the latter is 

contributory expertise. The bridge between experts with contributory exper-

tise and people who are not experts in the domain is interactional expertise. 

Interactional expertise is tacit-knowledge-laden expertise in the language 

of a domain, and it is acquired through enculturation in the domain lan-

guage. Interactional expertise is the medium of discussion where techni-

cal judgments are made. In logic, there is a transitive relationship between 

the fi ve specialist expertises, though it may not always be realized.

Meta-expertises are used for judging other expertises. External meta-

expertises turn on the judging of skills through the judging of persons, 

or the more general characteristics of their discourse, rather than on 

domain-specifi c understanding. They include ubiquitous discrimination 

and local discrimination (which turns on local knowledge of people). Inter-

nal meta-expertise does depend on a degree of technical expertise within 

the domain. The most straightforward kind of internal meta- expertise 

depends on the application of contributory expertise to a domain through 

the mediation of interactional expertise. Downward discrimination applies 

even where a relatively low level of domain expertise is applied to a still 

38. Remember, we include widespread tacit-knowledge-laden skills such as car-driving 

among the specialist expertises.
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lower level. Technical connoisseurship turns on interactional expertise 

alone, which may have been specially refi ned for the purpose as in the 

case of certain kinds of professional or critic. Referred expertise depends 

on the indirect application of domain-specifi c contributory expertise 

from one domain within another.

Meta-criteria are attempts to provide externally visible indicators of 

expertise. We have argued that experience is the best of the three possibili-

ties presented.

Problems of Categorization

The Borderline between Interactional and Contributory Expertise

We now have to deal with a conceptual problem. Interactional experts are 

continually making contributions to sciences in which we say they have 

no contributory expertise. Examples include the contributions of philos-

ophers and sociologists, who have never written a computer program, to 

the science of artifi cial intelligence; the contributions of social scientists 

and statisticians, who have never examined a fi ngerprint, to fi ngerprint 

identifi cation; the contributions of project managers, who have never 

designed or built an interferometer or a telescope, to the technology of 

interferometric gravitational wave detection and the design of large tele-

scopes; and, more generally, the contribution of experts in science studies 

to scientifi c and technological debates in the public domain. Indeed, we 

will argue that there are cases when the potential contributions of those 

with interactional expertise but no contributory expertise are not suffi -

ciently well recognized. So, when do the contributions of interactional 

experts turn them into contributory experts?39

A fi rst step in the analysis is to distinguish between “making a 

 contribution” and “being a contributory expert.” Thus, those who drill 

the wells for the Shell Oil Company make a contribution to those who 

work in science studies by providing the fuel that gets them from home to 

offi ce. Nevertheless, the well-drillers are not contributory experts in the 

fi eld of science studies-they are contributory experts in oil production.

It may be that this is too easy a case because the contribution of the 

well-drillers does not touch on the core discipline of science studies. We 

can see this because their contribution would be the same irrespective of 

39. This section arose out of the persistent queries of Simon Cole. Similar points are 

made in Selinger and Mix 2004. 
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the domain of the experts to whom the fuel was delivered; Shell’s employ-

ees make similar contributions to nuclear power station engineering, bal-

let dancing, zoo keeping, and so forth. Nevertheless, the idea of “making 

a contribution” can also cover cases where there is a more direct link to the 

core domain but the relationship is marginal, or sporadic. Thus, based on 

his interactional expertise, Collins has occasionally made  suggestions—

rarely taken up but at least provoking discussion—about aspects of the 

science and technology of gravitational wave detection.40 But a charac-

teristic of interactional expertise is that it is parasitic on contributory 

expertise rather than freestanding, and Collins’s rare contributions seem 

more like this than the kind of self-sustaining practical experience that 

could be passed on to others. As we have argued, even if there were a 

whole body of interactional experts like Collins (and nowadays there do 

seem to be whole communities of social scientists parasitical on the new 

genetics), their understanding and discourse would diverge from that of 

the practitioners as time passed unless it was continually maintained and 

refreshed by contact with the world of practice to which it refers.

Some of the other cases mentioned above might, however, have 

more of a contributory component. A discussion with Simon Cole about 

 fi ngerprint identifi cation revealed some of the possibilities. Simon Cole, 

an expert in science studies, has appeared as an expert witness in fi n-

gerprint cases where his evidence has been called to throw doubt on the 

certainty of identifi cations made by fi ngerprint examiners. In the cases in 

which Cole has been involved, his “book learning” has frequently been 

 unfavorably compared to the practical experience of the fi ngerprint exam-

iners. Cross-examinations of Cole exemplify the problem. For example:

Q:  Your working knowledge of latent prints is actually minimal, isn’t that 

right?

A :  My knowledge is in how the profession developed and what’s in their 

 literature.

Q:  I am going to ask the question again: Isn’t it true that your working knowl-

edge of latent prints is minimal?

A :  If by that you mean by knowledge of how to examine latent prints and make 

comparisons the way that fi ngerprint examiners, do, yes it is  minimal.41

40. Actually, on at least one occasion a suggestion was taken up.

41. People v. Hyatt, #8852/2000, Tr. Trans. 37 (Sup. Ct. N.Y. Kings Co. — Part 23 Oct. 4, 

2001). The case is discussed at length in Lynch and Cole 2005.
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In this case the court concluded: “What Dr. Cole has offered here is ‘junk 

science.’”

In our language, for Cole, the problem represented by this passage of 

discourse is that the court recognizes only the practical expertise of fi n-

gerprint examiners as making a contribution to the domain of  fi ngerprint 

identifi cation. The argument is not merely a matter of legal expediency—

the practical experts believe in their craft. Thus Cole reports that, at a 

conference, he asked a relatively friendly fi ngerprint examiner how he 

knew what he claimed to know. The reply was along the lines: “I wish 

you could come to my laboratory and learn to do what I do and see what 

I see, and then you would see why I know that I know what I claim to 

know.”42

What we would like to bring about is the establishment of a discourse 

of expertise that would enable Cole, if he wished, to replace his defen-

sive responses under cross-examination with a confi dent: “I do not have 

contributory expertise in the matter of fi ngerprint identifi cation but I do 

have interactional expertise in that domain and this enables me to make 

a contribution.” In due course we may imagine it becoming the ordinary 

occurrence for interactional experts to be allowed to speak alongside con-

tributory experts.

Now, setting Cole’s expertise aside for the moment, consider statis-

ticians who believe the have something to say about the likelihood of 

a fi ngerprint match being correct. Like Cole, their warrant for claiming 

that they have something to offer can only have to do with their under-

standing of how fi ngerprinting works. If the statisticians did not know 

quite a lot about fi ngerprint identifi cation, they would not be in a posi-

tion to argue that their expertise was relevant to the procedure of the 

courts. Their warrant, then, turns on their interactional expertise in fi n-

gerprint identifi cation practice. What the statisticians want to bring to 

court is, however, a self-sustaining contributory expertise: statistics can 

be taught in classrooms and transmitted from generation to generation 

in the absence of intimate contact with any realm of practice to which 

it might be applied. The case is like that of Wynne’s sheep farmers, who 

possessed a relevant contributory expertise but insuffi cient interactional 

expertise to ensure that it was recognized, and that of Epstein’s AIDS 

sufferers, who did develop the interactional expertise to make sure they 

were heard.

When SSK is applied to artifi cial intelligence, the same thing seems 

42. These are paraphrases generated by Cole’s recollection of the conversation. 
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to be happening. A contributory expertise which provides understanding 

of the social nature of knowledge is being brought to bear on AI, but it 

is interactional expertise in the practice of AI that puts the outsider in a 

position to argue that the social analysis of knowledge should be brought 

to bear. The interactional expertise, then, makes a contribution, the con-

tribution being to establish the value of a novel contributory expertise in 

respect of the esoteric domain. The role of the interactional expertise is to 

argue for the value of the new contributory expertise.43

Such a process can lead to the novel contributory expertise coming to 

be a regular part of the esoteric domain. But nothing philosophically pro-

found happens when such a transformation takes place; it is just that the 

boundaries of the domain have shifted. The statisticians, for example, 

still have only interactional expertise in the practices of the domain with 

respect to which they were interactional experts in the fi rst place. They 

are in no more anomalous a position than, say, a contributory expert 

in the calculation of the strength of gravitational wave emissions from 

inspiraling binary neutron stars and a contributory expert in the quality 

of coatings on interferometer mirrors who have only interactional exper-

tise in each others’ narrow domains even though both can be described 

as contributory experts in the wider domain of gravitational wave detec-

43. In the early days of critiques of AI by outsiders, the AI community appears to have 

been highly resistant to “outside interference.” Philosopher Hubert Dreyfus wrote the 

fi rst and, arguably, still the most defi nitive book-length critique in 1972 (see also 1992). 

He reports that Marvin Minsky and Seymour Papert among others (central fi gures in AI) 

attempted to prevent him gaining tenure at MIT in consequence. The intervention of MIT’s 

president was needed to rectify the situation (email to Collins, 5 December 2003). Sub-

sequently, however, Dreyfus was invited to advise the US military on their AI projects, 

and the AI community has become in general much more open to outside criticism. For 

example, anthropologist Lucy Suchman, who wrote a very well known (1987) critique of 

AI while at Xerox PARC, subsequently remained there and built up a research group within 

the organization. In 2002 she was awarded the Benjamin Franklin Medal in Computing 

and Cognitive Science, sandwiched between awards of the medal in 2001 and 2003 to two 

of the most prominent fi gures in the community itself, Marvin Minsky and John McCar-

thy. Harry Collins was encouraged to develop his AI work (e.g., 1990, Collins and Kusch 

1998), when on his very fi rst attempt to critique the AI community (Collins, Green, and 

Draper 1985) he was given a share in the prize for best technical paper at the 1985 meet-

ing at the British Computer Society Specialist Group in Expert Systems. Collins was sub-

sequently invited to sit on an ESRC review committee distributing grants for research in AI 

and a Ministry of Defence panel. Of course, the heartland of AI, which is designing and/or 

building programs, easily absorbs less critically minded philosophers and was founded by 

psychologists among others. Also, in contrast to fi ngerprint identifi cation, it has a tradition 

of internal critique (Weizenbaum 1976; Winograd and Flores 1986), perhaps because it is a 

university-based rather than a craft discipline (but it should be borne in mind that this did 

not help Dreyfus in the early days). 
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tion.44 It is the interactional expertise of one narrow domain specialist in 

another domain specialist’s expertise that makes it possible for the larger 

fi eld of gravitational wave detection to exist—otherwise it would just be 

collection of isolated groups of specialists. To refer to a member of one 

of these narrow groups as a contributory expert in gravitational wave 

detection is a matter of choice of focus not of ontology of knowledge, 

because it is what you say you are an expert in that determines whether 

that expertise is interactional or contributory. What a contributory expert 

can be said to be a contributory expert in is, then, to some extent arbi-

trary, because what is counted as a “domain” is to some extent arbitrary. 

But this does not mean that an interactional expert in some narrow prac-

tical domain can become a contributory expert in that same domain just 

by changing the attribution.45 The above argument can be represented in 

the cartoon (fi gure 4). 

In the cartoon, circles with spikes are areas of specialist contribu-

tory expertise, such as mirror polishing, the calculation of wave forms, 

or fi ngerprint identifi cation. The irregular lines are the boundaries of 

domains of expertise. The left hand domain is gravitational wave detec-

tion physics. It contains many specialisms linked to each other by their 

members’ interactional expertise (the patches of conversation). A purely 

interactional expert like Collins is shown as a stick fi gure with the ability 

to produce conversational performance pertaining to the fi eld which is 

indistinguishable from that of the others, but no part of Collins is found 

within any of the contributory expertise icons. The right hand solid 

boundary contains the fi ngerprint identifi cation domain with, at the 

bottom, someone like a statistician who wants to become a regular con-

tributor to it. The statistician is bodily immersed in statistical contribu-

tory expertise, and capable of linking this contributory expertise into the 

domain of fi ngerprint identifi cation (solid boundary) via interactional 

44. And bear in mind that there will be narrower practical specialisms even within the 

mirror-coating and source-strength calculation domains. The notion of “domain” is fractal-

like (Collins and Kusch 1998, chap. 1). 

45. The same analysis shows us that even though the managers of big science projects 

make obvious and major contributions to the outcome of the science, it is still possible to 

distinguish among their skills between the interactional, the referred, and the contributory. 

For example, in Collins and Sanders 2008 (forthcoming), the authors argue that Sanders’s 

ability to know how much weight to give to a technical argument is a referred expertise, his 

ability to make good decisions in respect of adaptive optics is an interactional expertise, 

while his ability to draw up progress charts is a contributory expertise (in management). 

Once more, however, there is no reason to say that the combination of all these expertises is 

not simply full-blown expertise in the management of science.
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expertise in fi ngerprinting. In the fullness of time the statistician’s con-

tributory expertise, along with the domain of statistics, will come to be 

seen as part of the fi eld of fi ngerprinting (the ambition represented by the 

dotted boundary). The labels may change in such a case, and the statisti-

cian will become described as a contributory expert in fi ngerprinting, but 

his or her expertises will not have changed.

Exactly how a social scientist such as Cole should be represented on 

such a diagram depends on how his social science expertise makes its 

contribution. We can be sure that Cole can only justify any contribution 

he makes to the discussion of fi ngerprint evidence in court via his inter-

actional expertise in the practice of fi ngerprinting, but whether his social 

science expertise might eventually become part of the domain after the 

fashion of the statisticians is less clear. Cole’s expertise is more diffuse 

than that of the statisticians—it is a critique of the whole role of fi nger-

printing in court proceedings rather than a discussion of the correctness 

of any particular identifi cation. Insofar as it has an impact on the court’s 

decisions, it is the court that has to extract from his overall critique any 

contribution to the decision about guilt or innocence. Perhaps his kind of 

general critique is a one-off contribution which, once recognized, has no 

need to contribute actively to every case. In other words, while it may be 

that, although the critique arises from an expertise sui generis, it is some-

thing that is applied to different domains in turn, in the way that man-

agement consultancy is applied to different fi rms in turn. The social sci-

ence critique is fi rst applied to “DNA fi ngerprinting,” then oral evidence, 

Figure 4. Contributory and interactional expertises in fi elds of science
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then old-fashioned fi ngerprinting, then other aspects of forensic science, 

and so forth. Neither the social science critique nor management consul-

tancy become permanent “living” features of the domains to which they 

are applied.

SEE as a Normally Flawed Science

We have embarked on a categorization of expertise and, no doubt, many 

readers will already be fi nding even more faults with it than we have 

spotted. But all categorizations of expertise will be fl awed—for example, 

there will always be boundary problems. One reason is that, as with any 

other categorization, it is necessary to deal with “ideal types.” There 

will always be cases where one kind of expertise shades into another. 

Another reason is that experts often express their objections to a rival’s 

conclusions by questioning their expertise. To give an example close 

to home, “science warriors” often say that sociologists’ analyses of sci-

ence are fl awed because they do not have enough expertise in science.46 

These problems must be taken seriously but not to the point of academic 

paralysis. Social scientists should not aspire to a greater degree of perfec-

tion than the scientists they describe. Just as in natural science, many of 

the fl aws in social scientifi c work have to be ignored if distance is to be 

allowed to work its enchantment—which it must if new knowledge is ever 

to be generated. This, of course, is not a way of avoiding assiduous critical 

scrutiny of our categories. The point is to understand the need for a table 

of this kind, either this one, a modifi ed or elaborated version of this one, 

or one based on a new conceptual framework.

46. For typical work by “science warriors,” see Social Studies of Science 29, no. 2 (1999), 

and Dawkins 1999; Gross and Levitt 1994; Gross, Levitt, and Lewis 1996; Koertge 2000; 

Wolpert 1992.
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Interactional Expertise 

and Embodiment

As explained, interactional expertise provides a bridge between the rest 

of us and full-blown physically engaged experts, and it touches on a wide 

range of professional activities. Indeed, the more one thinks about how 

our society works, the more one begins to see that interactional expertise 

“is everywhere.” We now explore interactional expertise in more detail. 

The claim associated with the idea of interactional expertise is that mas-

tery of an entire form of life is not necessary for the mastery of the lan-

guage pertaining to the form of life. This is a big claim and needs strong 

proof. First we need to clear some ground.

The philosopher Hubert Dreyfus, among others, has argued that to 

learn a natural language you must be able to move around in the world, 

interacting with it physically, and that means you must have a body. The 

argument is central to Dreyfus’s critique of artifi cial intelligence but goes 

against what we argue here.1 Our question about interactional expertise 

can be expressed in the form: “How much of the language pertaining to 

a domain could a computer acquire in principle?” Our answer in respect 

of existing computers is almost the same as that of Dreyfus: we do not 

believe any existing computers have or could acquire human fl uency in 

language. But Dreyfus’s reasons are to do with the computer’s lack of a 

body, ours are to do with its not having that part of the brain and the few 

other organs required for socialization. Dreyfus thinks that his position 

on the importance of the body rules out language acquisition by com-

puters. The title of his infl uential 1967 article is “Why Computers Must 

1. See Dreyfus 1972 and 1992 for his classic anti-AI arguments. The larger part of 

the anti-AI arguments put forward by Collins (e.g., 1990; Collins and Kusch 1998) are 

 unaffected by what is argued here.
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Have Bodies to be Intelligent.” “Intelligence,” as discussed in the article, 

includes natural language use. The position argued here is that you do not 

have to use your body (acquire contributory expertise) in order to speak 

the language of a domain (acquire interactional expertise), so Dreyfus’s 

reliance on the embodiment thesis must fail as a critique of the possibil-

ity of computers acquiring language.

The key to the difference between Dreyfus’s critique and ours, as men-

tioned in chapter 1, is that Dreyfus concentrates on the individual while 

we treat the location of expertise as the social group. That this is the loca-

tion is most easily seen in the case of something like a natural language. 

The English language, for example, has “a life of its own,” independent 

of the many native users of English which are the “substrate” on which 

it is instantiated. The only way to become a fl uent English speaker is to 

be embedded in the English language-speaking community and absorb 

the ability. The only way to maintain the ability is to remain embedded 

as normal English usage changes. From this perspective—the perspec-

tive of this analysis—the crucial thing which prevents computers from 

becoming and remaining fl uent English speakers is our complete lack of 

understanding of how to make them into regular members of English-

speaking society. If we could make them into regular members of society, 

it would remove the crucial obstacle that prevents them from becoming 

fl uent English speakers, French speakers, Zande speakers, gravitational 

wave physics speakers, or whatever, whether or not they have bodies.

We can go a long way towards showing this just by considering that 

humans can function well as natural language speakers under a variety of 

adverse circumstances in respect of their bodies. They can do this so long 

as their brains are still making suffi cient connection with the embed-

ding society to allow them to become and remain social beings. This, of 

course, does imply a minimal sensory apparatus, but the essential parts 

of the organism turn out to be very few. The essential parts are those bits 

of the brain to do with language-processing and those bits of the body to 

do with language-learning and speaking: the ears, larynx, and the rest 

of the vocal apparatus. In most cases, then, it is unsurprising that it is 

only the acquisition of contributory expertise, not interactional exper-

tise, that turns on possession of a good proportion of the full set of body 

parts.

A further consequence of the new view is that those components of 

the body that are essential for embedding in a linguistic community, 

such as the larynx, are essential to the use of language in general, not the 

language of any specifi c domain such as English, French, or gravitational 
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wave physics-speak. Again, this all fi ts with the separation of contribu-

tory expertise from interactional expertise.

Social and Minimal Embodiment

We now distinguish between the “social embodiment thesis” and the 

“minimal embodiment thesis.” The social embodiment thesis holds that the 

particular language developed by any social group is related to the bodily 

form (or practices) of its members because bodily form affects the things 

they can do in the world. (It is a kind of inward-looking “Sapir-Whorf 

hypothesis.”) This is what Wittgenstein seems to be getting at when he 

said that if a lion could speak we would not understand what it said. He 

was saying that we would not understand speaking lions because their 

physical make up is different to ours so the way they cut up the world 

 conceptually—their “conceptual joints”—would be different too.2 To 

exemplify, we understand the family resemblance between various things 

which we call “chairs” because we can sit on them because our knees bend 

in a certain way. Thus the word “chair” appears in our language and can 

be more or less mutually understood. A community of speaking lions, 

on the other hand, would not have the equivalent, or near equivalent, of 

“chair” in their language because they do not sit down in the same way. 

Instead, for lions, what we call a chair might be classed alongside whips 

and pointed sticks such as are used by “lion tamers” (assuming that the 

community of speaking lions still lived in circuses run by humans). Thus, 

here, a difference in the physical joints of the lions corresponds nicely to 

a difference in the conceptual joints.

Now we “roll out” interactional expertise. The idea of interactional 

expertise allows that a single lion with the capacity to speak, if snatched 

from its cradle and brought up alongside humans in the same way as 

are domestic dogs and cats, would acquire human language, including 

the word for chair, even though it, as an individual, could not sit. This 

is the minimal embodiment thesis. We call it the minimal embodiment 

thesis because it argues that though bodily form gives rise to the lan-

guage of a community, only the minimal bodily requirements necessary 

to learn any language are necessary to learn the language of any com-

munity in which the organism is embedded. The minimal embodiment 

thesis follows from the idea that the language of a domain can be learned 

2. Speaking lions would, of course, need larynxes and the brain development that goes 

with larynxes.
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 without full physical involvement in the domain. To repeat, interactional 

expertise allows that the language of a community whose members are 

embodied in one way can be acquired by individuals with bodies that are 

shaped differently and in ways that prevent them from participating fully 

in the physical activities of that community.3

If talking lions seem too bizarre, let us turn to another “thought exper-

iment” invented by H. G. Wells. In his short story, “The Country of the 

Blind,” Wells tells of a climber, Nunez, who tumbles down the side of a 

mountain into an otherwise inaccessible valley.4 Nunez discovers that the 

eyes of all the inhabitants have atrophied, leaving nothing but sunken 

hollows. Thinking of the “well-known proverb,” “In the Country of the 

Blind the One-eyed Man is King,” Nunez expects to be respected and to 

become a leader. But, on the contrary, he fi nds himself treated as a clumsy 

fool. The inhabitants do not understand his talk of “seeing,” of “stars” 

and the like, and take all this to be childish babbling or wickedness:

For fourteen generations these people had been blind and cut off from 

all the seeing world; the names for all the things of sight had faded and 

changed; the story of the outer world was faded and changed to a child’s 

story. . . . (474)

While Nunez tries to demonstrate his superior powers by making obser-

vations of movements from a long way away, the inhabitants of the val-

ley are struck by his inability to apprehend what is happening behind 

walls and inside buildings, his senses of hearing and smell being nothing 

like as well developed as theirs nor his discrimination so fi ne. Likewise, 

they are appalled by his clumsiness in the dark, both at night and inside 

buildings which, of course, are not lit. They refuse to allow him to marry 

one of the women of the tribe in case he corrupts the race.

So far we see Wells exploring what we have called the social embodi-

3. The above section on talking lions and the different kinds of embodiment thesis 

draw on a couple of already published papers (Collins 1996a, 2000). Here the confusing 

term “individual embodiment thesis” has been abandoned, as the existing term “mini-

mal embodiment thesis” serves the purpose better. Development of these ideas have been 

speeded by the critical comments of Evan Selinger (2003) directed at the earlier papers. The 

main ideas on interactional expertise have been published in Collins 2004b. Selinger and 

Mix (2004) responded, and Collins’s reply, aside from what is here, is his 2004c.

4. Page numbers refer to the Odhams collected edition of Wells’s works. This is undated 

and has no volume numbers, but the story runs from page 467 to 486 in the volume in 

which it appears. The piece was fi rst published in 1911 in a collection of short stories, but 

publication details are unknown. The story is currently available in a Dover reprint. 
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ment thesis. In the country of the blind the whole way of life of the peo-

ple has adapted to their blindness and so has their language. The ideas 

of seeing, of stars, and the like have atrophied along with the eyes of the 

people, while a new world of concepts has grown up which makes fewer 

distinctions between inside and outside and no distinctions between 

light and dark places.

Nunez, we are given to understand, once he realizes that in this place 

his sense of sight gives him more disadvantages than advantages, does 

try to moderate his claims. Wells lets us know that Nunez could, if he 

wished, adapt, with a struggle, to the ways of thinking and doing of the 

natives; to adapt or to remain unique becomes a matter of principle for the 

explorer, not a matter of ability. He falls in love with one of the women 

of the country and is torn between allowing his eyes to be removed—a 

condition set by the elders in hopes of curing his “illness”—and trying to 

escape. In the end he chooses a suicidal escape attempt, but at one time 

he had a choice. He could have chosen linguistic socialization; he could 

have managed this even without the operation that would make his body 

like that of the inhabitants of the valley. The attempt was made to force 

the blinding operation on him only because his ego continually trips 

him into proclaiming the advantages of sight in spite of its manifest dis-

advantages in this particular place—Nunez fails to “go native.” The fact 

that he had a choice, and that he might have succeeded in acquiring the 

new conceptual structure were he not so obstinately determined to pre-

serve his old way of thinking and acting, can be read as an illustration of 

the power of linguistic socialization. In spite of having a body unsuited 

to the place in which he found himself, Nunez could have acquired the 

language.5 The counterpart of this story is the situation of the blind in 

our society, who seem to have little diffi culty in acquiring the conceptual 

structure and native language of those who can see.

Madeleine

Turning from thought experiments to some real world observations, we 

come to the case of “Madeleine,” described by Oliver Sacks in his book 

The Man who Mistook his Wife for a Hat.6 Madeleine was born blind and 

5. Exactly what Wells meant us to take from the story is not entirely clear. Was it per-

haps a plea for the virtues of maintaining the colonialist outsider’s view of the world and 

not to be corrupted by native values? It does not matter as far as we are concerned.

6. Sacks 1985, chap. 3.
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disabled, being unable even to use her hands to read brail. Neverthe-

less, Madeleine learned of the world from books read to her by others. 

Madeleine had a minimal “body” with almost no ability to take part in 

the normal activities of the members of the surrounding society. Sacks’s 

triumph with Madeleine was to teach her how to use her hands for the 

fi rst time; the fact that it was a real triumph is established by his stress-

ing the extent to which Madeleine had been utterly inactive throughout 

her earlier life. The uselessness of Madeleine’s hands, according to Sacks, 

had come about precisely because she never did any moving about in 

the world on her own. Sacks says “she had never fed herself, used the 

toilet by herself, or reached out to help herself, always leaving it to oth-

ers to help her” (58). Nevertheless, Madeleine learned to be a person 

who “spoke freely indeed eloquently . . . revealing herself to be a high-

spirited woman of exceptional intelligence and literacy” (56) through the 

medium of the written and spoken word. Madeleine, according to Sacks, 

was “of exceptional intelligence and literacy, with an imagination fi lled 

and sustained, so to speak, by the images of others, images conveyed by 

language, the word . . .” (59, Sacks’s stress). Madeleine, it seems, is exem-

plifying the minimal embodiment thesis and the power of interactional 

expertise. She has learned the language through immersion in the world 

of language alone rather than immersion in the full-blown activity which 

constitutes the form of life. The social embodiment thesis says, correctly, 

that the language has arisen from that full-blown form of life—that is, 

from the full range of activities of the full-bodied members of the society—

but the case of Madeleine shows that an individual can get much of the 

corresponding understanding without much of a body.

If a minimal body only is required to acquire a full-blown language 

pertaining to a full-blown form of life, how minimal can this body be? 

This question seems unlikely to be asked by philosophers such as Dreyfus 

who treat embodiment as, as it were, a binary quality. One either has a 

body or does not have a body—the values are “1” or “0.” If this approach is 

taken Madeleine’s symbol would be “1” rather than “0.” Our view is that 

the binary approach leaves unexplored the huge terrain of inter actional 

expertise. To open up the territory it is necessary to ask questions about 

how much physical involvement is needed for linguistic involvement, 

and we can go a long way toward answering this question by treating the 

body as continuous—something of which there can be more or less—and 

examining how much is needed in order to develop linguistic fl uency 

in various domains. This is the kind of question to which we can bring 
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empirical techniques rather than a priori philosophical argument. We 

prefer to see the case of Madeleine as posing an empirical question and, if 

Sacks’s description is exact, providing an empirical answer.7

The Prelingually Deaf

Though the body can be minimal, the theory of interactional expertise 

does not allow it to be absent if language is to be acquired. What is neces-

sary is the equipment for engaging with the linguistic community of a 

host society. Fluency in language cannot be acquired unless there are the 

physical means of engaging in the linguistic to-and-fro that is linguistic 

socialization as opposed to being fed with propositions in the form of 

something like a computer program. The point is illustrated by the case 

of the congenitally or prelingually deaf.

The prelingually deaf—those who are born profoundly deaf or who 

become profoundly deaf soon after birth and before they have acquired 

the beginnings of language—have perfect mobility, and every other 

 faculty, but lack the ordinary means of linguistic socialization—speech. 

In case it is not immediately obvious, the normal medium of language-

learning is the spoken word—that is how babies learn; reading and writ-

ing come very much later and are parasitic on a language already learned 

through speech. It is possible to learn a form of reading and writing 

without speaking. For example, young orthodox Jews are taught to read 

ancient Hebrew prayers phonetically. But, as at least one of the authors 

can attest, this is a long, slow, and painful business, which is in no way to 

be associated with learning a language. It is, rather, like learning to chant 

something meaningless with the aid of written cues.8

It is not impossible for the prelingually deaf to learn ordinary lan-

guage, but it can be done only with an immense effort and with the aid 

of teachers who will spend hours a day, using lip movement and other 

non-aural cues, to substitute for the bath of speech in which the infant is 

normally immersed.9 Unfortunately, the prelingually deaf child usually 

7. For more discussion of the relationship between philosophical and empirical 

approaches to this question, see Selinger, Dreyfus, and Collins 2008.

8. Something similar must also apply to the Catholic church where, or when, prayers 

were conducted in Latin. One might also liken the situation to Searle’s notion of the “Chi-

nese Room” (the Hebrew Room?). 

9. Sacks describes one of his colleagues who was so fl uent at lip reading that he did 

not realize she was congenitally deaf. But her mother had “devoted hours every day to an 
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misses out on early language socialization and as a result does not learn 

to master the natural language with any degree of fl uency.

Mistaken views of the situation of the congenitally deaf were embed-

ded in an educational program known as “oralism.” This held that the pre-

lingually deaf could be taught ordinary English via written signs and lip-

reading; it gave rise to an education program in which signing was banned. 

Ladd recounts the experiences of a young boy taught under this regime:

They’d write on the board, and we would copy it. Then they would give 

you good marks and you would swagger about. But what did those words 

mean? Ha! Nothing! It all went past us. . . . Yet those two-faced people 

would give us good marks and pat us on the head. (Ladd 2003, 305)10

The outcome of oralism, according to Ladd, was that the prelingually deaf 

had an average reading age of about eight when they left schools, with 

consequent failure to attain signifi cant positions in society or make their 

way in the world.

Ladd draws a distinction between “Deafness,” where the capital “D” 

signifi es “Deaf consciousness” along with congenital deafness, and other 

forms of disablement. Those who are merely “hard of hearing” or “deaf-

ened” (later in life) do not share a common consciousness with the (large-D) 

Deaf because they do not have the same language problems:

It is vital to note that [“small-d” deaf] people share English as a fi rst lan-

guage with disabled people, and thus there are few communication or 

cultural barriers. Because these are the people with which the disability 

movement comes into contact, it is easy for them to mistake the reality of 

Deaf communities, who face the same linguistic/communication barrier 

in interaction with disabled people as they do with anyone else. (168)

The large majority of Deaf people, then, are not good at reading written 

English though they can see it perfectly. Ladd writes that “they have little 

access to written English discourse” (55) and that “most organisations 

still print their information in English, even whilst knowing that most 

Deaf people cannot read it” (179).

intensive one-to-one tuition of speech—a grueling business that lasted twelve years” (Sacks 

1989, 2 n. 4). This possibility, of course, allows the minimal body required to master a 

 language to become even more minimal.

10. The experience of the deaf child taught English in this way resonates with the teach-

ing of Hebrew just described.
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To summarize, there is no reason to suppose that Sign is defi cient as 

a language. In some respects, such as the way it heightens spatial acu-

ity, it is superior to spoken languages such as English. Nevertheless, it is 

different, and this has important consequences for members of the Deaf 

community. One of the most signifi cant is that, although surrounded 

by written texts—the visual counterpart of the spoken language, as we 

might say—members of the Deaf community fi nd reading and writing 

diffi cult. The reason is that, for the Deaf, these texts are not grounded in 

the native spoken language they represent and, as such, solve no prob-

lems. Not being able to hear the spoken language seems to be a greater 

obstacle to learning it than, as in the case of the blind, not being able to 

see its visual representations.11

We can also see that insofar as a body is required to participate in a 

linguistic community, then it must include some physical structure that 

allows it to open itself to the social world of that community. In most 

cases this will mean the ability to hear and make sounds, but we know 

from the experiences of the Deaf that even the loss of the part of the body 

that normally has the responsibility for language acquisition can be cir-

cumvented and alternative linguistic communities, such as those involv-

ing sign, can grow. It is also the case that, if enough is done with the 

senses of sight and touch, then, like the explorer in H. G. Wells’s story, 

the prelingually deaf individual can grasp the conceptual structure of the 

native “oral” society if they are given enough special attention from an 

early enough age. In the normal way, however, this does not happen, and 

the response of the Deaf community has been to stress their difference as 

a community.12

Interactional Expertise and Practical Accomplishment

Taken together, these examples show the importance of linguistic social-

ization relative to full-scale physical immersion in a culture. Let us try to 

make what we have argued still clearer. We are trying to establish what 

would happen in a kind of neo-Turing test or “imitation game.” In his 

11. Those with multiple disabilities, such as Helen Keller, report that loss of hearing is 

far more devastating than loss of sight in the way it cuts them off from the world.

12. Ladd argues that for the Deaf to fi t in with society at large it will be necessary for 

hearing persons to become bilingual in Sign (as they are in isolated locations such as Mar-

tha’s Vineyard), or (as Ladd suggested in a personal communication), for more individual 

attention to be paid to the training of the Deaf from an early age so that they could become 

bilingual.
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famous 1950 paper, Alan Turing proposed that a hidden computer com-

pete with a hidden human; a “judge” would try to determine which was 

which in the course of an interrogation conducted through keyboards. 

The idea was based on a parlor game—the “imitation game”—in which 

a hidden man tries to pass himself off as a woman while answering writ-

ten questions, the answers being compared with those of a real woman.13 

Imagine that Madeleine were placed behind one curtain and a fully 

mobile person were placed behind another. Let us then imagine that a 

fully mobile interrogator were to engage each in written conversation. 

The claim made in this chapter is that the interrogator would have a hard 

time distinguishing who was who.

As was intimated in the introduction, we have three ways of learning to 

succeed in an imitation game where the medium is ordinary conversation. 

There is (a) full physical immersion in a form of life (which, of course, 

eliminates the need for “imitation”); there is (b) linguistic socialization 

in the absence of shared physical activity; and there is (c) feeding with dis-

crete propositional knowledge. We believe that method “c” will fail and 

agree with the philosophical arguments that lead to this conclusion. We 

believe, however, that there are questions still to be asked about method 

“b.” Methods “a” and “b” have not been distinguished in the existing 

philosophical/sociological discourse. What we are claiming here is that 

that method “b” can accomplish as much, or nearly as much, as method 

“a,” where the “achievement” is measured by conversational ability (and 

therefore ability to contribute to judgments within the form of life).

Note something important that is not being claimed here. It is not 

being claimed that mastering the language of domain through method 

“b” provides the practical capacities belonging to that domain that would 

be mastered alongside the language if the method of language acquisition 

was method “a.” Learning the language of a domain is not a substitute for 

learning a whole form of life. That is why we stress that learning a lan-

guage via method “b” is indistinguishable from learning it via method 

“a” only if the test for indistinguishability is carried out via the medium 

of language—as in an imitation game. The point is, however, that much 

in the way of human affairs is carried out through the medium of lan-

guage alone so that a language mastered through method “b” can be very 

useful and powerful. That is why interactional expertise is so important 

and widespread.

We have suggested that the fact that a language can be learned by 

13. Turing 1950; Collins 1990, chaps. 13, 14.
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method “b” has not previously been noticed because, in the philosophi-

cal literature, method “b” is elided with either method “c” or method 

“a.”14 The fi rst elision takes it that linguistic socialization is the same as 

feeding with propositions and therefore linguistic socialization is taken 

(implicitly or explicitly) to fail. But linguistic socialization is very far from 

feeding with discrete propositions; the language learned as a result of lin-

guistic socialization is as loaded with tacit knowledge, Wittgensteinian 

rules, and ability to make intuitive judgments, as any native language.

The second elision is that made by Dreyfus.15 It is that the reason that 

method “a” and method “b” are not distinguishable in a Madeleine-like 

case is because Madeleine, in spite of her immobility, is to be counted 

as substantially physically immersed in the form of life even though she 

uses almost none of her body in the course of her life. Dreyfus says that 

even though Madeleine does not have the use of her legs, arms, eyes, and 

so forth, she still has a front and a back and can be moved about in the 

world. This is “the body as binary” argument and, as mentioned above, 

it is immune to empirical falsifi cation and leads in the wrong direction 

to allow practical consequences to fl ow from it. Madeleine’s bodily state 

ensures that she has no contributory expertise in any practical activity, so 

any acquisition by her of normal-looking discourse proves the point we 

are trying to make—interactional expertise can be learned in the absence 

of contributory expertise.16

14. We can apply the idea to another standard philosophical thought experiment: 

Monochrome Mary (see Jackson 1986 and http://www.calstatela.edu/faculty/nthomas/

marytxt.htm). Monochrome Mary lives in a entirely black and white world. Philosophers 

are interested in whether Mary, if she could master colorful discourse, could be said to have 

knowledge of color. In the philosophers’ treatment, Mary becomes a perfect color scientist 

by garnering all the propositional knowledge about color there is; she comes to know every-

thing there is to know about the physics, physiology, and psychology of color. Our question 

is slightly different, however. We are asking under what circumstances Mary could pass in 

a Turing Test-like situation when interrogated by a color perceiver. We are suggesting that 

if Mary were nothing more than a perfect color-scientist—where “perfect color scientist” is 

taken to mean knowing all there is about color that can be written down—then Mary would 

fail. If, on the other hand, Monochrome Mary had been brought up holding conversations 

with color-perceiving speakers, then she would be hard or impossible to distinguish from 

them in Turing-test like circumstances. (We are grateful to Evan Selinger for drawing the 

relevance of Monochrome Mary to our attention.)

15. See also Selinger 2003.

16. In his description of Madeleine, Sacks claims to have improved her ability to engage 

physically with the world and, for example, to use her hands to feel things and especially 

to model clay sculptures of people’s heads. While not wishing to ignore this achievement, 

what is of signifi cance to us is that Madeleine was able to speak so fl uently about so much 

before this transformation took place.
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To repeat, our argument is that the sociologist is a kind of Madeleine 

in respect of, say, a group of gravitational wave scientists, and has only 

linguistic socialization to draw on. Nevertheless, the sociologist can 

still perform reasonably when tested in conversation about gravitational 

waves, just as Madeleine can perform reasonably well when tested on her 

ability to maintain nonspecialist discourse.17 Our argument, of course, is 

not just about sociologists but about all those professionals who fi ll, as 

we might now see it, a Madeleine-like role.

Going back to the other examples referred to in this chapter, the blind, 

and other disabled groups, work toward embedding themselves in the 

surrounding culture without diffi culty because they are thoroughly lin-

guistically socialized; the Deaf, in consequence of the diffi culty for them 

of linguistic socialization, prefer to value their identity as a separate com-

munity with their own language.18 The social analyst, to repeat, appears 

less like the Deaf and more like the wheelchair-bound, or the blind in 

our society, or the explorer in H. G. Wells’s story—capable of master-

ing the unfamiliar conceptual structure of the new surrounding society 

given enough linguistic immersion, even without physically engaging 

with the practice of the target society. The minimal embodiment thesis 

is the model which should inform our activities and understanding, not 

the social embodiment thesis. The talking lion snatched from its cradle 

and brought up in human society, Nunez the explorer in the Country of 

the Blind, Madeleine, and the sociologist of gravitational wave physics 

should all be able to succeed in imitation games where the judges are 

fully socialized native language speakers, whether in ordinary human 

language (the lion and Madeleine), Country of the Blind language speak-

ers, or gravitational wave physics speakers. On the other hand, if we are 

thinking straight, natives of the Country of the Blind, if interrogated by a 

seeing person, should fail because they have had no opportunity to mas-

ter the seeing person’s conceptual world. Remove the linguistic socializa-

tion, as in the case of the Deaf, and the potential for conceptual mastery 

is severely prejudiced irrespective of the degree of embedding in a native 

17. We have to bear in mind throughout this chapter than insofar as we are using Mad-

eleine as our exemplary case, all we know about the actual Madeleine is contained in Oliver 

Sacks’s short and popular account. If it turns out that Madeleine was really a much less fl u-

ent speaker than Sacks implies, then the quasi-empirical support for the argument made 

here would be weak. Still, the fi rst thing is to shift the agenda from the purely philosophical 

to the empirically testable. In the next chapter we will discuss experiment proper. 

18. This is not to say that groups of the blind and the wheelchair-bound may not 

choose to develop political and cultural consciousness, but the imperatives would seem to 

be different.
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community. We will describe tests of these claims below. To fi nish our 

philosophical critique, however, let us return to Dreyfus.

A Note on the Body and Lenat

The discussion of Madeleine arises because it was central to an earlier 

debate between Hubert Dreyfus and computer enthusiast Douglas Lenat. 

It was Lenat who introduced Madeleine in opposition to Dreyfus’s claims 

about the need for a body if a computer was to be intelligent. He argued 

that if Madeleine did not need a body to learn human language, neither 

did a computer. In this argument we fi nd ourselves agreeing with Lenat 

at least to this extent: if it is necessary for a computer to have a body in 

order to know language, it is not much of a body. The crucial features of 

the body are to do with communication with the rest of the language-

speaking community. These features are the vocal apparatus, the ears 

and the parts of the brain associated with them. The front and back, the 

inside and the outside, the ability to be moved around may or may not 

be necessary. But if they are necessary, it is because, like the vocal appa-

ratus and so forth, they are needed for language acquisition in general, 

not the acquisition of any specifi c language, such as the language of the 

blind or the language of gravitational wave physics. In sum, the argu-

ments of Dreyfus and his supporters about the importance for language 

acquisition of those basic elements of the body which are not to do with 

speech show nothing about the importance of the body for the acqui-

sition of specialist languages. Consider the examples that Dreyfus took 

from Merleau-Ponty in his 1967 article —the blind person’s relationship 

to the stick, and the matter of feeling silk. Front, back, and movement 

are not essential to the acquisition of “blind person’s stick language” or 

“feeling silk language” in particular. Therefore the idea that only a person 

who has the bodily apparatus to engage in the practical activities of a 

specialist group can acquire that group’s language has not been proved by 

Dreyfus and his supporters.

None of this is to say that Lenat’s project, CYC, which aims to enable 

a computer to accomplish normal interaction by fi lling it with all the 

knowledge that could be found in encyclopedias, is anything other than 

mistaken in its premises. Clearly, a computer fi lled with every bit of prop-

ositional knowledge that could be expressed has not been linguistically 

socialized: it has none of the tacit components of language that enable lin-

guistic creativity, repair of damaged speech, and so forth. It is simply not 

an element in the larger social organism that is the substrate of  language. 
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This is not to say that Lenat’s recent ambition, of locating CYC in the Web 

where it can learn masses of information from other Web-users, is a hope-

less idea; it is just that it will be accumulating information, not language-

speaking abilities. We would claim that it would still fail a Turing test 

in which true linguistic socialization, such as repair of broken language, 

was at stake. The same analysis applies to all imagined devices where 

language is embedded as a once-and-for-all capacity, such as Searle’s 

Chinese Room and the device imagined by Ned Block.19 In each of these 

cases the crucial components are missing—the components that link the 

device into the larger body of society.

To sum up the philosophical critique, the implication of the idea of 

interactional expertise is that we need to examine the requirements for 

the body more closely, because it looks as though they are minimal. On 

the other hand, we need to take much more seriously the requirements 

needed to acquire a “social fl uency,” such as language, which we may 

think about as being more to do with the purely language processing 

parts of the organism than had previously been argued. We can think 

further about these questions by asking what any entity learning lan-

guage through socialization can do without. We know it is possible to 

take away a lot of the body and still leave the entity with good language-

understanding abilities—exactly how much we can take away is the ques-

tion posed by what we might call “the minimal embodiment hypothesis.” 

The importance of the minimal embodiment hypothesis for our project 

is that it supports the strong interactional hypothesis—that fl uency in the 

language of a domain can be acquired outside of bodily engagement with 

the practices of the domain: if only a minimal body is required to acquire 

language, then this must be so.

19. See the “Editing Test” discussed in the coda to chapter 4 below. For a discussion of 

Block and the like, see Collins 1990, chaps. 13 and 14.
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Walking the Talk: 

Experiments on Color Blindness, 

Perfect Pitch, and Gravitational Waves

The strong interactional hypothesis implies that complete socialization is 

indistinguishable from thoroughgoing linguistic socialization when they 

are compared through the medium of language. Unfortunately we don’t 

have ready access to talking lions, to a Country of the Blind, or to a series of 

Madeleines. But we do have access to the equivalent of the Country of the 

Blind or, to be exact, to two equivalent countries. What we have done is test 

the strong interactional hypothesis with some purpose-designed experi-

ments, initially in cases where it really ought to work if it has any validity. 

We investigate “The Country of the Color Perceivers,” into which have 

fallen a few intrepid explorers—those who are color-blind. “The Country 

of the Color Perceivers” is, of course, our own country. Our own country 

can also be described as “The Country of the Pitch Blind” since hardly 

any of us can recognize absolute musical pitch. Just a very few possess the 

facility of “perfect pitch.” In the case of pitch it is those who can “see” pitch, 

as opposed to those who cannot see color, who take the role of Nunez.

About fi ve percent of males have no contributory expertise in red-green 

discrimination. Nevertheless, they have been immersed since birth in the 

language of color, so they should have maximal interactional expertise in 

color language even though they do not have contributory expertise. The 

strong interactional hypothesis holds that color-blind persons should suc-

ceed in pretending to be color-perceivers in the imitation game. It is sup-

ported by the fact that those around them generally notice no defi ciency 

in color-blind persons’ color-talk; color blindness often goes undetected 

in the absence of purpose-designed tests of contributory expertise.1

1. Selinger argues that red-green color-blind persons can perceive other color 

 differences, and thus already possess some contributory expertise in color perception. By 



92 / Chapter Four

“Just as you see an apple and know it’s red without thinking about 

it, I hear a note and know it’s an E fl at.” That is a description of perfect 

pitch. In contrast to color blindness the “disability” is the statistical 

norm. Therefore “pitch-blind” persons (nearly all of us) have not been 

socialized into the language of pitch-perception. The strong interactional 

hypothesis holds, then, that it should be easier to spot the pitch-blind 

pretending to be pitch-perceivers in the imitation game than the color-

blind pretending to be color-perceivers.

The same logic suggests that “normal” people should be bad at imitat-

ing the color-blind because they have not been immersed in the linguis-

tic world of the color-blind (as in the case of natives of the Country of 

the Blind trying to imitate seeing persons). Here we treat the ability of a 

color-perceiver to pass as a color-blind person as the expertise to be imi-

tated. Only the color-blind will know “the tricks of the color blindness 

trade” and the discourse that goes with it. Using the same logic, those 

with perfect pitch should be good at imitating pitch blindness because 

they have grown up surrounded by pitch-blind persons.

We can now report on initial experiments intended, among other 

things, to make the idea of interactional expertise more concrete.2 The 

idea on which the experiments are based, the “imitation game,” is more 

than fi fty years old, being the forerunner of the famous Turing test. We 

use the imitation game to investigate the discourse of people who do not 

possess a certain skill but have been immersed in the language. To do 

extension, this is an argument against any experiment of this kind, since any contributory 

expertise at all could be said to bear on any interactional expertise. It returns to the phi-

losophy of the body argued by Dreyfus in his debate with Lenat—namely even the most 

minimal body is, nevertheless, a body: embodiment is, as it were, a binary quality, and 

Madeleine’s symbol was “1” not “0.” As argued above, we think it is more useful to think 

of the notion of a body as continuous and we believe we are doing experiments which do 

bear upon the credibility of the Madeleine case as described by Sacks as well as on the 

notion of interactional expertise. The idea of interactional expertise dissolves if embodi-

ment is a binary quality, since all discourse among humans is embodied and, logically, 

experiments of our kind, irrespective of the four-way control conditions and clear out-

comes, can reveal nothing of signifi cance. For the determined philosopher, then, the ques-

tion becomes: what do these experiment reveal and what would change had the results been 

different? (See Selinger, Dreyfus, and Collins 2008.)

2. Experiments can have a function that goes beyond their fi ndings. Harvey (1981) 

shows that initial experiments on the problem of non-locality in quantum mechanics did 

much to develop the ideas even though the results were not treated as decisive. Collins (e.g., 

2004b) argues that Weber’s failed observations nevertheless settled a long-running theo-

retical argument about whether gravitational waves could be detected in principle and went 

on to found the half-billion dollar fi eld of gravitational wave detection. 
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this we use the imitation game to compare the domain-specifi c linguis-

tic abilities of interactional experts with that of contributory experts and 

that of nonexperts. The experiments are represented in fi gure 5 above. 

The four circles on the left represent tests on color blindness and perfect 

pitch which are used to explore the concept of the experiment. “Proof 

of concept” having been accomplished, the rightmost circle represents a 

fi rst use of the idea in an area of more direct relevance to scientifi c and 

technological expertise, namely as an indicative test of the ability of a 

participant observer to pass as a scientist.

The fi rst circle in the top row of fi gure 5 represents a society like ours 

in which the majority of people are color-perceiving (CP); that is, they 

are not color-blind. A minority are color-blind (CB). The idea of interac-

tional expertise implies that, having been brought up in color-perceiving 

society, the color-blind will be fl uent in color-perception language even 

though they cannot see the full range of colors—they will have acquired 

interactional expertise in color-perception language though they have 

no contributory expertise in color discrimination. Therefore if the dis-

course of a color-blind person, who is trying to imitate a color perceiver, 

Figure 5. Socialization experiments with color blindness, perfect pitch, and 

gravitational waves
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is  compared to the discourse of a color perceiver, even if the judge is a 

color perceiver, no difference should be detectable and the judge can do 

no more than guess. The success rate of these guesses should be no better 

than chance.

The second circle represents a society, also like ours, in which a small 

minority are “pitch-perceiving” (PP), that is, they have perfect pitch. The 

majority are “pitch-blind” (PB). The theory holds that in this case the 

pitch-blind will not have mastered pitch-perception language because 

they have not been brought up among pitch perceivers and have not been 

immersed in pitch-perception language. In other words, we should not 

expect the pitch-blind to have acquired interactional expertise in pitch-

perception language. Therefore, if the language of a pitch-blind person 

who is trying to imitate a pitch perceiver is compared with the language 

of a pitch perceiver, and the judge is a pitch perceiver, the difference 

should be detectable. We ran imitation game experiments to test these 

hypotheses. As can be seen, in fi gure 5, white signifi es the group from 

which the imitator is drawn while the dark always represents the groups 

from which the judges are drawn.

The bottom two circles in the fi gure are like the top two circles 

except that the “polarity” is reversed and the results should be the oppo-

site. In the fi rst circle of the bottom row color perceivers try to imitate 

the  color-blind, and we should expect them to fail so that a color-blind 

judge can identify who is who. In the second circle pitch perceivers try 

to  imitate the pitch-blind, and we would expect them to succeed so that 

a pitch-blind judge (most of us) cannot identify them and the judge’s 

guesses should, once more, be random. Since we know what we should 

expect in these cases if the idea of interactional expertise makes sense, 

the experiments on color blindness and perfect pitch can be treated as 

“proof of concept.”

The rightmost circle in fi gure 5 represents an application of the con-

cept and the experiment to science studies and, in effect, participatory, 

anthropological, and ethnographic fi eldwork in general. Here a mem-

ber of the wider society enters an esoteric group in an attempt to acquire 

its interactional expertise. In this case the esoteric expertise belongs to 

 gravitational wave physics. The large majority of members of our society 

are, as it were, “gravitational wave physics–blind” (gwB)—they have no 

deep knowledge of gravitational wave physics. A small minority are, as it 

were, “gravitational wave physics perceivers” (gwP). The small white cir-

cle represents a member of gwB society who enters the black circle of the 

gwP, hoping to learn the language without learning the practice of the 
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physics. The fi nal set of experiments described test whether the person 

represented by the small circle has succeeded in acquiring the  targeted 

interactional expertise. The person tries to imitate the language of gw 

physics and the test is whether judges who are gw physicists can tell the 

difference between the participant’s answers and those of gw physicists 

who do have contributory expertise. Success would be indicated by a 

chance outcome, failure by ready identifi cation.

Procedure and Results: The Proof of Concept Experiments

Alan Turing’s famous defi nition of intelligence in a computer (1950) 

turned on what has become known as the Turing test: a hidden computer 

and a hidden person would be interrogated by a judge via teletypes. If 

after fi ve minutes or so of interchange the judge failed to identify the 

computer, it would be deemed to be intelligent. As explained, the partic-

ular imitation game on which Turing’s test was based was a parlor game 

in which a judge asked written questions of a hidden man pretending to 

be a woman and compared these with the answers of a hidden woman 

who replied honestly. In our terms, if the hidden man were to succeed 

in fooling the judge, he would have demonstrated the possession of the 

interactional expertise associated with being a woman though not the 

contributory expertise.

This is the protocol we applied to color blindness and perfect pitch, 

in this case using purpose-built software to link three computers via a 

wireless network.3 Judges sit at one computer and can type any ques-

tion that they think will probe for possession of the target expertise (let 

us say color perception as in the fi rst circle of fi gure 5). The question is 

transmitted simultaneously to both participants, one of whom will be 

color-blind but pretends to be a color perceiver and one of whom will be 

a color perceiver who is instructed to answer “naturally.” When both par-

ticipants have replied, the answers appear simultaneously and side-by-

side on the judge’s screen. The judge can then make a guess and provide 

a “confi dence level” associated with the guess. The judge is then free to 

ask another question. The session continues until the judge feels there 

is nothing further to be learned by going on. In our experiments judges 

usually felt that there was nothing more to be learned after they had 

3. More details of the method will eventually be posted on the Web in the form an 

experimenter’s handbook. See Collins 1990, chap. 13 for an explanation of the rationale 

behind the judges possessing the target expertise. 
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asked around half-a-dozen questions, though some asked fewer and one 

or two asked many more.

Judges

It seems obvious that judges will have the best chance of identifying the 

participants if they possess the “target expertise”—the expertise that is 

the subject of the pretence. For example, in the gender imitation game, if 

it was the hidden man pretending to be a hidden woman then the judge 

should be a woman. A male judge’s model of a woman, we suggest, is 

likely to be similar to a male “pretender’s” model of a woman, and this 

would make it too easy for the man to pass. Thus, in our tests, if the par-

ticipants are pretending to be color perceivers the judge will be a color 

perceiver; if the participants are pretending to be color-blind, the judge 

will be color-blind.

Though the need for judges to possess the target expertise seems 

obvious, it is worth dwelling on. It bears on the signifi cance of “know-

ing what you are talking about.” If judges who did not know what they 

were talking about could easily tell who was an expert and who was not, 

purely by examining the technical contents of discourse, it would suggest 

that upward discrimination was a possibility. It would suggest that the 

value of knowing what you are talking about may have been exaggerated. 

For this reason we tested the importance of judges’ possession of the tar-

get expertise—what we call Phase 3 of the experiment—and report the 

results of the test below.

Chance and Identify Conditions and Outcome

We refer to runs in which we do not expect the judge to be able to  identify 

the participants as the chance condition and the runs in which we do expect 

the judge to be able to work out who is who as the identify condition. Table 

3 puts into words what is represented in the left hand circles of fi gure 5. 

Table 3: Expected outcomes of socialization experiments

Pretender is Target expertise Expected outcome

A Color-blind imitates Color-perceiving Chance

B Color-perceiver imitates Color-blind Identify

C Pitch-perceiver imitates Pitch-blind Chance

D Pitch-blind imitates Pitch-perceiving Identify
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We have four experimental confi gurations setting up chance and identify 

conditions for each of the  color blindness and perfect pitch experiments.

The strong interactional hypothesis is demonstrated if guesses are no 

better than chance in the chance condition while this is not so in the 

identify condition—which can be thought of as the “control group.” The 

idea of interactional expertise is demonstrated whenever the proportion 

of right guesses is greater in the identify conditions than in the corre-

sponding chance conditions.

Confi dence Levels

Judges were asked to use a four-level scale to record their confi dence after 

each guess:

• 1st level: “I have little or no idea who is who.”

•  2nd level: “I have some idea who is who—but I am more unsure than 

sure.”

•  3rd level: “I have a good idea who is who—and I am more sure than 

unsure.”

• 4th level: “I am pretty sure I know who is who.”

In the description of results provided below, we group judges’ guesses in 

the following way: all guesses with confi dence levels of 3 and 4 were scored 

as either right guesses or wrong guesses. All guesses with confi dence level 

1 and 2, along with refusals to guess, were counted as uncertain.4

Whenever judges changed their level of confi dence. They were 

prompted to explain why. The entire session was recorded.

Results

There were two “phases” to the experiment. In “Phase 1” we conducted 

a total of twenty-four runs, roughly split among the four possible condi-

tions. Both the color blindness series and the perfect pitch series treated 

in isolation support the hypothesis: in each case there were more correct 

guesses in the identify condition than in the chance condition. Since the 

numbers involved are small, however, a level of statistical signifi cance is 

reached (p = 0.05 in Fisher’s exact test) only when we combine all 24 runs 

4. The results would not differ much if we used all guesses in the right-wrong analysis 

and ignored confi dence levels. 
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into just two groups—chance and identify.5 Here we fi nd that in the 

chance condition judges made 4 correct (high confi dence) guesses out of 

13 while in the identify condition they made 8 correct guesses out of 11.

We then carried out “Phase 2” of the experiment. This no lon-

ger involved interaction between judges and participants in real time. 

Instead, using ordinary email, we sent the transcripts of the recorded dis-

courses to new judges possessing the target expertise to make new post 

hoc judgments. We may describe this in the following way: in Phase 1 

of the experiment interrogator and judge were combined into one role; 

in Phase 2 the judge was not the interrogator. In Phase 2 the same dia-

logues could be sent to many judges and each judge could look at many 

dialogues. Again, the results of both modalities separately supported the 

hypothesis. In this phase the combined results were that 5 out of 57 (high 

confi dence) guesses were correct in the chance condition, while the cor-

responding fi gure in the identify condition was 8 out of 15.6 The results 

are represented graphically in fi gure 6, which shows the proportions 

Figure 6. Results of proof of concept experiments

5. To use the Fisher test we have to construct a four-cell table in which wrong guesses 

and uncertain guesses are treated as one category to be compared with right guesses.

6. It is much harder to run the identify condition because two members of the esoteric 

group are needed—hence there are fewer identify condition runs. 
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of wrong guess (top band), uncertain guesses (middle band), and right 

guesses (lower band), for the combined modalities in Phases 1 and 2; 

the absolute numbers are also indicated.

When, as in Phase 1, the two modalities of Phase 2 were combined, 

the difference between the conditions was statistically signifi cant (p = 

0.028 in Fisher’s exact test).7 When the results of Phase 1 and Phase 2 

were combined, the likelihood of the result being due to chance turned 

out to be p = 0.000 (Fisher’s exact test).

We seem, then, to have shown that interactional expertise exists: the 

color-blind can pass as color perceivers relatively easily because they have 

been immersed all their lives in the language of color. In contrast, the 

pitch-blind cannot pass as pitch perceivers because they have not been so 

immersed.

Phase 3: Judges Have to Know What They Are Talking About

There remains a possible alternative interpretation of these results: that 

the difference lies in the judges not the participants. All judges possess 

the target expertise, and this means that the different conditions utilized 

different judges. It could be that being color-blind or having perfect pitch 

encourages one to think about the issues more deeply when compared 

with those who have “normal” abilities (i.e., they develop enhanced 

refl ective ability). It could be, then, that identify-condition judges would 

be better discriminators in the chance condition too. That is to say, the 

judges’ expertise might lie not so much in their knowledge of the domain 

but in their refl ective ability. If it is refl ective ability rather than domain 

knowledge that makes the difference, judges from a minority group 

would be better judges whomever they were judging.

To test this we had dialogues generated in the chance condition exam-

ined by the four most successful identify-condition judges, generating 

eighteen new guesses. In the new condition these four judges’ discrimi-

natory ability turned out to be no better than chance. This strongly sug-

gests that the differences discovered in the main part of the experiment 

reported here were not primarily due to the differential refl ective skills of 

the judges but to their understanding of the domain they were judging. 

In sum, judges who were good at judging “knew what they were talking 

about.”

7. The results for each separate modality were also statistically signifi cant in Phase 2.
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Conclusions on Color Blindness and Perfect Pitch

One striking feature of the experiments was judges’ lack of success in mak-

ing correct discriminations in the chance condition. In Phase 2 the ran-

domness of the outcome is especially striking, as can be seen in table 4, 

which gives the complete set of results for the chance conditions with the 

associated confi dence levels (“0” indicates “cannot guess”).

In the table a minus sign signifi es a wrong guess, a plus sign signi-

fi es a correct guess, while “0” signifi es inability to guess at all—the num-

bers indicate confi dence levels. The rows in the table indicate the guesses 

made by different judges in respect of the same dialogue, while the col-

umns indicate the performance of a single judge in respect of different 

dialogues. Simply by looking along the rows and down the columns 

one can see how random were the guesses in the chance condition. This 

shows that the color-blind are very good at passing as color-perceivers in 

the imitation game, while those with perfect pitch are very good at pass-

ing as those without perfect pitch. It does suggest, then, that a lifetime’s 

immersion in the discourse of a group with a certain contributory exper-

tise enables a person without the contributory expertise to acquire the 

corresponding interactional expertise, at least as tested by the imitation 

game, to a very high level—the strong interactional hypothesis is demon-

strated. The contrast with the results of the identify condition reinforces 

the point and shows that without such experience it is hard to acquire 

interactional expertise in the absence of contributory expertise.

Table 4: Phase 2 chance condition guesses

Judges  1 2 3 4 5 

 1 –1 +1 +2 –2 +1

 2 –2 0 –3 –2 –2 

Color
 3  +1 –2 –2 +2 

Blindness
 4 +2  +2 0 +2 

Dialogues
 5 0 +1   +2 

 6 –2 0 +2 0  

 7 +2 –1 +1 +2 –3 

 8 –2 +2  –3 +2 

Judges  6 7 8 9 10 11

  1  -3 0 0 0 –3

Perfect  2 –2 +3  0 0 –3

Pitch 3 +1 +4   0 –4

Dialogues 4 –1 +3 +1   +4

 5 +3 –3 +1 –2 0
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Judges’ Reasoning

The experimenters felt reassured that judges were making such identifi ca-

tions as they did make for “the right kind of reasons,” but, although we 

asked for commentaries, there are few that are revealing. This is because 

judges tended to make their guesses on the basis of general impressions and 

feelings, often being the product of a build-up of small cues over a series of 

questions. As explained, judges were asked to give their confi dence level 

on a four-level scale. The following fi ve examples represent interesting 

interchanges in cases where a judge made a correct high-confi dence-level 

guess. The fi rst three extracts are from Phase 1 of the experiment, where the 

experimenters made notes of the judges’ remarks; the second two extracts 

are from Phase 2, with judges writing their own comments. In each case 

the reader may consider whether they would have made the correct iden-

tifi cation and how this relates to their own perceptual abilities (some 

grammatical and spelling corrections have been made for ease of reading):

1 .  A  J U D G E  W I T H  P E R F E C T  P I T C H 

G U E S S E S  C O R R E C T L Y  A T  C O N F I D E N C E  L E V E L  4

Q U E S T I O N 3:  How do you pick up a single voice in a crowded room?

PA R T I C I PA N T A :  By hearing the individual pitch of the given person’s voice, 

although it does depend on the volume of individual voices as well.

PA R T I C I PA N T B :  By trying to concentrate on that voice.

Q U E S T I O N 4:  Would you rather use a score to arrange a piece of music or dic-

tate by ear?

PA R T I C I PA N T A :  Dictate by ear.

PA R T I C I PA N T B :  Use a score, probably.

Here the judge thought that only a person with perfect pitch would use 

pitch to identify voices and that question 4 defi nitely indicated the per-

son with perfect pitch. One can see that participants without perfect 

pitch would not know that these things could be accomplished by a per-

son with perfect pitch and might very easily think that replying positively 

to the questions would be to fall into a trap set by the judge.

2 .  A  J U D G E  W I T H  P E R F E C T  P I T C H 

G U E S S E S  C O R R E C T L Y  A T  C O N F I D E N C E  L E V E L  3

Q U E S T I O N 3:  Do you fi nd perfect pitch a useful skill? Are there times that you 

wish that you didn’t have it? Can you give me an everyday example of a 

pitch that is always the same?
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PA R T I C I PA N T A :  Perfect pitch is a useful skill, though there are times when 

it is annoying. I hear the pitches in people’s voices often so I can imitate 

quite well. An everyday example of pitch would be my computer—I know 

every “note” it makes as it boots up.

PA R T I C I PA N T B :  I have to say that it has become increasingly less useful as I 

have diversifi ed the “styles” of music that I get involved with. It was useful 

when singing more traditional pieces, however I have been more interested 

in less formulaic styles in the last few years. I’m not sure that I understand 

what you mean by “everyday example.” A pitch as a constant is a pitch at 

a constant.

Here the judge said that hearing pitches in people’s voices was a valuable 

clue, especially since this was sometimes found to be annoying, whereas 

B didn’t really seem to understand the question.

3 .  A  C O L O R - B L I N D  J U D G E  G U E S S E S  C O R R E C T L Y ,  H AV I N G  R E A C H E D 

C O N F I D E N C E  L E V E L  3  A T  T H I S  P O I N T  I N  T H E  Q U E S T I O N I N G

Q U E S T I O N 3:  When shopping for clothes, how do you decide whether a tie 

will go with a particular shirt or jacket?

PA R T I C I PA N T A :  They have complimentary patterns.

PA R T I C I PA N T B :  I’ve never bought a tie in my life.

Q U E S T I O N 4:  If not a tie how do you decide whether a shirt goes with a pair 

of trousers?

PA R T I C I PA N T A :  I follow the choices made by the shops’ dummies or 

 displays.

PA R T I C I PA N T B :  Just by intuition. If I’m having trouble I might ask my girl-

friend. Otherwise, there are particular colors I like, such as red, which 

obviously goes with black.

Q U E S T I O N 5:  What is the most irritating thing about being color-blind?

PA R T I C I PA N T A :  Having to do experiments! Not being able to follow conver-

sations or other people’s conversations when they discuss or mention par-

ticular colors.

PA R T I C I PA N T B :  When I was in school I drew a green squirrel—that was quite 

embarrassing! Generally it’s not too bothersome.

Here the judge found A’s answers to do with clothing implausible. He 

found the embarrassment caused by drawing something in the wrong 

color evocative of his own experience.
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4 .  A  C O L O R - B L I N D  J U D G E 

G U E S S E S  C O R R E C T L Y  A T  C O N F I D E N C E  L E V E L  3

Q U E S T I O N 2 :  What colors do you have particular diffi culty distinguishing?

PA R T I C I PA N T A :  Primary colors—reds, greens, yellows.

PA R T I C I PA N T B :  Greens and browns mostly, although there are others I have 

diffi culty with.

J U D G E ’S  C O M M E N T :  Participant A claims to have trouble distinguishing “pri-

mary” colors, whereas in my experience, it’s the shades of color that pres-

ent me with the most trouble; also why red, green, and yellow?!

In this comment we see that the judge is able to make a correct guess 

because his experience of what it is to be color-blind is not something 

shared by the pretender who does not know that it is shades that give 

most trouble. This contrasts with the facility with which color-blind per-

sons were able to talk about the color perceivers’ experiences.

5 .  A  C O L O R - B L I N D  J U D G E 

G U E S S E S  C O R R E C T L Y  A T  C O N F I D E N C E  L E V E L  4

Q U E S T I O N 2 :  What do you think are the main problems faced by color-blind 

people?

PA R T I C I PA N T A :  Functioning on an everyday level can be diffi cult—trying to 

get simple things done, e.g., identifying colored papers in a meeting, but 

also enjoyment of things can be affected—I might not be able to enjoy 

things like fi lms as much as I can’t see the same range of colors as other 

people, picking clothes in shops, that kind of thing.

PA R T I C I PA N T B :  Distinguishing between shades of color—this could make 

life diffi cult/interesting in a range of contexts—color coordination with 

regard to clothes, decorating etc. Obviously if color perception is extremely 

limited, this may impact on some kinds of occupational/leisure settings.

J U D G E ’S  C O M M E N T :  . . . B’s answer to the main problems one faces is almost 

exactly what I would say. . . . The real clincher for me may strike a color 

normal person as odd: the statement by A that “I might not be able to 

enjoy things like fi lms.” This seems a very strange idea, as I have never 

seen colors normally, so can’t see how being color-blind would affect my 

enjoyment of them; although perhaps this refl ects each person’s personal 

outlook.

Again, the limited experience of the color-blind person’s world by the 

color perceiver—e.g., what it means for the appreciation of fi lms—means 

they are unable to reproduce the discourse of the color-blind.
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Interactional Expertise and Science

Having “proved the concept” of interactional expertise and its relation-

ship to immersion in a linguistic community, we tried the same proce-

dure on one of the authors of this book who has spent years trying to 

acquire the interactional expertise of gravitational wave physicists.

This experiment is represented by the right hand circle in fi gure 5 

above. The larger circle represents the majority of us—the “ gravitational 

wave physics–blind” (gwB). The dark circle within it represents the 

small group of expert gravitational wave physics who can be said to be 

“ gravitational wave physics–perceiving” (gwP). The very small white 

circle represents Collins’s long expedition into the linguistic community 

of the gravitational wave physics perceivers. Collins has spent consider-

able time trying to acquire the interactional expertise pertaining to the 

fi eld of gravitational wave detection.8 Here we make no attempt to gener-

ate enough results to provide statistical signifi cance, but once more we 

describe the judges’ reasoning. This, then, is primarily a qualitative study, 

although it has quantitative aspects.

These tests were carried out in a much more simplifi ed form than 

the proof of concept experiments described above. Participants were 

sent sets of seven questions by email about gravitational wave physics. 

In the fi rst place the questions were composed by gravitational wave 

physicists who understood the purpose of the test. Respondents, one of 

whom was Collins, were asked to answer the questions from their exist-

ing stock of knowledge and understanding without referring to sources. 

The answers provided by Collins and by gravitational wave physicists 

were then presented side-by-side to other gravitational wave physicists 

acting as judges. Judges were sent a questionnaire to frame their judg-

ments which also inquired about their academic specialism and experi-

ence. This was a Phase 2 type experiment with the generation of the ques-

tions being treated as a separate matter from the judging of the answers. 

Judges were asked to guess who was who without consulting any refer-

ence sources, and to provide the level of confi dence in their guess on a 

four-point scale like that used in the proof of concept experiments. They 

were also asked to explain how they made their choices, if possible on a 

question-by-question basis. Table 5 shows examples of the questions and 

answers.

8. Collins has been conducting sociological studies on the area since 1975 with particu-

larly intense exposure between 1995 and 2005. 



Table 5: Some gravitational wave questions and answers

The Imitation Game For Gravitational Waves

Q2) Is a spherical resonant mass detector equally sensitive to radiation from all over 

the sky?

A2) Yes, unlike cylindrical bar detectors  B2) Yes, it is.

which are most sensitive to gravitational 

radiation coming from a direction 

perpendicular to the long axis.

Q3) State if after a burst of gravitational waves pass by, a bar antenna continues to 

ring and mirrors of an interferometer continue to oscillate from their mean positions? 

(Only motion in the relevant frequency range is important.)

A3) Bars will continue to ring, but the  B3) Bars continue to ring; the separation of

mirrors in the interferometer will not  interferometer mirrors, however, follows

continue to oscillate. the pattern of the wave in real time.

Q5) A theorist tells you that she has come up with a theory in which a circular ring of 

particles are displaced by gravitational waves so that the circular shape remains the 

same but the size oscillates about a mean size. Would it be possible to measure this 

effect using a laser interferometer?

A5) Yes, but you should analyze the sum of  B5) It depends on the direction of the 

the strains in the two arms, rather than the source. There will be no detectable signal

difference. In fact, you don’t even need two if the source lies anywhere on the plane

arms of an interferometer to detect which passes through the center station

gravitational waves, provided you can and bisects the angle of the two arms.

measure the round-trip light travel time Otherwise there will be a signal, 

along a single arm accurately enough to maximized when the source lies along one

detect small changes in its length. or other of the two arms.

Q6) Imagine that the end mirrors of an interferometer are equally but oppositely 

(electrically) charged. Could the result of a radio-wave incident on the interferometer 

be the same as that of a gravitational wave?

A6) In principle you could detect the  B6) Since gravitational waves change the

passage of an electromagnetic wave, but the  shape of space-time and radio waves do 

effect is different than for a gravitational  not, the effect on an interferometer of radio

wave. The reason is that unlike  waves can only be to mimic the effects of a 

electromagnetic waves, gravitational waves  gravitational wave, not reproduce them. An

produce quadrupolar deformations.  electromagnetic wave could, however, 

A typical electromagnetic one wave would  produce noise which could be mistaken for

change the distance in only arm while a  a gravitational wave under the

typical gravitational wave would change  circumstances described.

the distances (in opposite ways) in both, so 

the differential signal for the 

electromagnetic wave would be half that for

a gravitational wave. 
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The main result is that judges who compared answers provided by 

Collins and answers provided by gw physicists were unable to identify 

the participants. If we count high confi dence guesses (levels 3 and 4) as 

right or wrong and low confi dence guesses (levels 1 and 2) as indicat-

ing uncertainty, we fi nd that out of nine judges, two chose Collins as the 

gw physicist and seven were unsure.9 This outcome was only possible 

because Collins did not make any technical mistakes in his answers. Col-

lins, then, had demonstrated his interactional expertise according to the 

standards of the test. (Readers might like to make their own guess about 

who was who before reading on.)

Reasons that judges gave for their choice can be divided up into two 

classes. First, there are reasons based on the technical content of the 

answers. Some of Collins’s answers were markedly different in technical 

content from the answers of the gw physicists. Second, there were reasons 

based on the style of the answers. Where technical content differed, it was 

thought that Collins’s answers showed more evidence of being thought 

through in practical terms whereas the gw physicist’s answers tended to 

be more theoretical or bore the marks of being drawn from a textbook. 

This was likely to be so because in one or two cases, such as question 5 

in table 5, Collins had no choice but to think the answer through since 

he had not encountered anything like this question previously. Therefore, 

the “standard answer” did not come to mind (though he could readily 

understand it once he had seen it). Collins’s answer, on the other hand, 

was correct so long as the question was taken to apply to the current and 

immediately foreseeable generations of detectors; the measurements 

needed to satisfy the more “theoretical” answer provided by the gw phys-

icist are currently impossible to make. As one of the judges put it: “[X] 

has the much better answer. [Y] isn’t entirely wrong, but his suggestion 

is impractical.” Crucially, in such a technically demanding (and nerve-

wracking) test, Collins’s answers passed technical muster, and, given this, 

they had an air of authenticity in respect of contemporary experimental 

practice in gravitational wave physics. Here are examples of judges’ rea-

sons for preferring Collins’s answers:

I fi nd that I lean to [W]. But [Z] is pretty darn good. I’d be entirely unsur-

prised if you told me this was a control run and that you’d used responses 

from two experts.

9. Neglecting confi dence levels and reporting on all the results, seven judges chose 

 Collins as the gw physicist, one chose correctly, and one could not decide.
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Set [P] looked more like they had been answered by looking up a book. Set 

[Q] looked as if they came rapidly out of the mind.

Some of the judges, and all of the judges in respect of some of the 

answers, did not feel that technical content allowed them to make a judg-

ment. In these cases they fell back on style and, in the main, Collins’s 

style was preferred because his answers were shorter and thus bore the 

hallmarks of someone who was answering impatiently—this suggested a 

scientist to other scientists.10

As a “control,” we tried using persons who were not gravitational wave 

physicists as judges, comprising one scientist in another fi eld and seven 

haphazardly chosen academics from the social sciences and philosophy. 

Again, counting guesses as right or wrong only if they were associated 

with the top two confi dence levels, two of these nonspecialist judges cor-

rectly identifi ed the gw scientist, one chose Collins, and fi ve could not 

decide. If we ignore confi dence levels, however, these judges’ guesses 

were more successful, fi ve being right, two wrong, and one unable to 

guess. Examination of the reasoning shows, unsurprisingly, that it was 

entirely based on style and in this case the judges tended to think that 

the more technical “text-booky” answers given by the scientist were the 

more authentic. This is perhaps best illustrated by the reasons offered 

by the two judges who made the incorrect identifi cations, preferring 

Collins:

J11:  I have no idea about the detail of any sets of answers, not knowing this 

fi eld. I thought [Collins] was more persuasive as he/she seemed not to feel 

the need to elaborate on answers quite so much or set them in some wider 

didactic context. As such, [Collins] did not strike me as someone trying to 

persuade anyone else of their own credentials, presumably because they 

are not in question.

J12:  My guess was based on accumulating evidence from the series of ques-

tions, rather than any particular one. It seemed to me that the responses 

[of the scientist] were going out of their way to appear knowledgeable 

and “scientifi c/specialist.” I suspect that the specialists actually talk to 

one another in more natural terms [as in Collins’s answers], being able 

to assume shared background knowledge. I’m also aware, though, of how 

I’m interpreting responses to individual questions to fi t in with my overall 

decision. As a possible get-out, of course individuals vary in manner—and 

10. Collins is participant “B.”
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a very senior scientist might give different kinds of answers to a junior one 

than to another senior colleague.

Taken together with the tendency in the color blindness and perfect pitch 

experiments for judges sometimes to take long answers as indicating 

lying and sometimes short answers as indicating lying, we seem here to 

be exploring the literally understood “ethnomethodology” of decision-

making in the imitation game.

To explore “the terrain” of the experiments further, we ran the experi-

ment again in other confi gurations. Evans has a mixture of beer-mat and 

public understanding knowledge of gravitational wave science from read-

ing Collins’s papers, from talking to Collins over the years, and from 

helping to organize the fi rst runs of these experiments. Evans, however, 

could not succeed in Collins’s role in these tests. He could not pass as a 

gravitational wave physicist, being unable to use his knowledge in the 

creative way required. What he did know about gravitational wave phys-

ics is better seen as “information” rather than interactional expertise.11

We also asked physicists from other specialisms to try to pass them-

selves off as gravitational wave physicists, but they were easily detected 

because they made technical mistakes or showed glaring gaps in their 

technical knowledge. Collins also tried taking the role of both interroga-

tor and judge and found he could use both questions he generated him-

self, and those set by other gravitational wave scientists, to distinguish 

gw physicists from other physical scientists who were not gw special-

ists and from Evans; he could do this without fail at confi dence level 4 

based on the technical mistakes or lacunae evident in the nonspecialists’ 

answers.12 The fact that other physical scientists in cognate fi elds (astro-

physicists, astronomers, and relativists) could not pass the imitation 

game test is particularly interesting if one does accept that it is better if 

experts “know what they are talking about.” The result should make us 

11. Evans’s knowledge of gw physics fi ts into one or other of the leftmost categories of 

expertise in the third row of the Periodic Table of Expertises.

12. Numbers were small for these last tests-only two runs in each confi guration—but 

the technical errors and gaps were so obvious that it was pointless to go on. 

Academics attending the 2005 meeting of the Society for Social Studies of Science 

(many of whom have science backgrounds) were also asked to try to judge between answers 

given by gravitational wave specialists and nonspecialist scientists. Of the 20 who replied, 

8 guessed right (high confi dence) and 2 wrong with 10 uncertain. (Unweighted results were 

12 right, 7 wrong, and one could not guess). Again, the reasoning was based on the style of 

answers not the content.
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still more concerned that in public life “scientists” are often asked to fi ll 

the role of generalized expert in matters remote from their specialism.

What we hope to have indicated is that the acquisition of interactional 

expertise can be detected and disentangled from less involving forms of 

knowledge with a simple experiment. Here again we have gone a little way 

toward showing that interactional expertise acquired deliberately in this 

way is much nearer to the richness of the interactional expertise of the 

color-blind than to even primary source knowledge. We have come a little 

closer to proving the principle of the strong interactional  hypothesis.

The Role of Mathematics

Those composing the questions for the gravitational wave imitation 

games were asked to avoid mathematics. Were calculation or algebraic 

manipulation needed to answer the questions, Collins would have had 

no chance of passing the test. The banning of mathematical questions 

is less damaging for the implications of the test than might be thought 

because mathematics, as will be argued at greater length elsewhere, is 

not used much in ordinary discourse among scientists. Mathematics 

is integral to the physical sciences but only in the way that experiment 

is integral. Experiments are not being done when physicists sit down to 

talk about physics or make judgments about who to give grants to, and 

 neither is mathematics. It is not the case that physicists talking physics 

over lunch talk mathematics, and it has to be case when, say, grant allo-

cation committees meet because they are composed of scientists who do 

not know the fi eld they are judging to the level of its algebraic or calcula-

tional niceties. For example, to know whether to fund a new gravitational 

wave detector, one might like to know how sensitive it will be in various 

directions: will it look at only a narrow solid angle of the sky or will it see 

waves from all around it? To work out the exact pattern of its sensitivity is 

a matter of mathematical analysis and calculation such as could only be 

done by someone with contributory expertise, but to see and understand 

a diagram representing the results of those calculations, and to under-

stand their signifi cance for the astronomical value of the instrument 

under review, does not require that the calculation be repeated, only that 

it is known to have been broadly agreed to be correct. In the light of this 

it is less surprising to fi nd that some physicists do not use mathematics 

at all in their work. The appropriate model is a division of labor, where 

some physicists do the high level mathematical labor on behalf of their 
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colleagues. Thus, to have interactional expertise in a science like physics 

does not require that mathematics be part of the talk.13

Overall Conclusion

The color blindness and perfect pitch experiments reveal the effect of lin-

guistic socialization in extreme or “ideal” cases. Insofar as they can be 

taken to show that judges were making correct discriminations on the 

basis of tacit understandings rather than propositional knowledge, the 

experiments help to establish the idea of interactional expertise. They 

support the claim made above, that linguistic socialization has a larger 

role as compared to embodiment than would naturally follow from 

philosophical treatments such as that of Dreyfus. Inter alia, these experi-

ments indirectly support the methodological claims of the assiduous par-

ticipant observer. To establish the philosophical point still better, how-

ever, we would need to separate the different kinds of clues used by the 

judge in the imitation game. Some kinds of clues are of a “general knowl-

edge” fl avor. For example, any color perceiver would now know, having 

read this chapter, that one way to pretend to be color-blind is to make up 

a story about drawing some familiar object in the wrong color in one’s 

early school years. That is the kind of propositional knowledge that could 

easily be encoded into a machine such as Lenat’s CYC, Searle’s Chinese 

Room, or any of the other imagined scenarios that depend on exhaustive 

knowledge of potential conversational turns in any one language. It is a 

kind of knowledge that belongs in the left-hand division of the specialist 

expertise row of the periodic table.

A more subtle procedure would concentrate on questions that explore 

the tacit components of socialization. One way of approaching this is to 

force the pretender to “repair” subtle mistakes in the judges’ conversa-

tional turns. In respect of the Turing test proper, it has been suggested 

that the computer pretending to be a human might be given the task 

of editing passages of written text as in the “editing test” described in 

the coda to this chapter. Questions that demanded continuing repair of 

this kind could, perhaps, distinguish between the formal aspects of the 

knowledge of the participants and their more tacit linguistic abilities.

13. This argument is worked out at length with empirical confi rmation in Collins 2008 

(forthcoming). An anonymous reader of the draft manuscript asked a very interesting ques-

tion to the effect “How do physicists setting the questions know what counts as a legitimate 

question in the test and what does not?” This would make an interesting topic for investiga-

tion in itself.
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We hope that more imitation-game experiments with various proto-

cols will be tried so that the test can be developed to the point where it 

can detect quite subtle differences in expertise. For example, perhaps the 

equivalent of the editing test could be used to tell the difference between 

those with beer-mat and primary source knowledge, on the one hand, 

and those with interactional expertise, on the other.

Coda: The Editing Test

(Reproduced, with permission of MIT Press, from Collins 1996b, 

318–20.)

To make the idea of socialization more concrete I propose a . . . simpli-

fi cation of the “Turing test.” Careful analysis of the test shows that the 

most diffi cult thing for a computer to do in such a test would be to make 

sense of badly typed or misspelled input. In other words, the really hard 

thing is subediting. Consider the following passage which is in need of 

subediting.14

M A R Y :  The next thing I want you to do is spell a word that means a religious 

ceremony.

J O H N:  You mean rite. Do you want me to spell it out loud?

M A R Y :  No, I want you to write it.

J O H N:  I’m tired. All you ever want me to do is write, write, write.

M A R Y :  That’s unfair, I just want you to write, write, write.

J O H N:  OK, I’ll write, write.

M A R Y :  Write.

That we have the ability to correct passages of printed English of this kind 

is not a result of our fi xed store of knowledge nor of a prolonged period 

of “training.” It is not even that when we are being trained to do it we are 

corrected when we go wrong at each newly encountered example of such 

a problem; it cannot be this, because the new instances are equally new to 

any potential trainer and we merely beg the question of how the trainer 

knows what a reasonable answer would look like. Nevertheless, we usu-

ally come up with an acceptable version of even newly encountered prob-

lems of this type the fi rst time we see them. We can do this in spite of 

the fact that what counts as an appropriate response—and there may be 

several possibilities—varies from place to place and time to time. This is 

14. Thanks to Bart Simon for inventing the actual passage of text.
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not surprising, as what counts as reasonable use of language changes as 

societies change. The ability to subedit reasonably successfully, then, is a 

matter not of learning a set of rules but of being a member of a society.

What I am proposing as a test of socialization is a comparison of the 

ability of fully socialized members of society, and those who might or 

might not be members, to subedit passages of this sort. To put this test 

into practice, the judge would have to be a full member of the society 

in question and would have to make judgments while being unaware of 

which passage had been edited by which entity. Like the original Tur-

ing test, the ability to separate members of a society from nonmembers 

using this test is a matter of probability, not certainty. (It is worth noting 

for the combinatorily inclined that a look-up table exhaustively listing all 

corrected passages of about the above length—300 characters— including 

those for which the most appropriate response would be “I can’t cor-

rect that,” would contain 10600 entries, compared to the, roughly, 10125 

particles in the universe. The number of potentially correctible passages 

would be very much smaller of course but, I would guess, would still be 

beyond the bounds of brute strength methods.)

The editing test is much simpler to conduct than the Turing test and at 

the same time is a much better test for the abilities of computers in rela-

tionship to humans. Like the Turing test, it is a general test of the ability 

of one type of thing or person to imitate the actions of another type of 

thing or person.
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New Demarcation Criteria

In this chapter we return to the larger problem that we began with: Who 

should contribute to which aspects of technological debate in the pub-

lic domain? At the start of the twenty-fi rst century it is well established 

that the public should contribute to some aspects of these debates. The 

public have the political right to contribute, and without their contribu-

tion technological developments will be distrusted and perhaps resisted. 

This is what we called the “Problem of Legitimacy.” Our complaint is that 

the social sciences of the last decades have concentrated too hard on the 

Problem of Legitimacy to the exclusion of other questions. As explained, 

our principal aim is to offer some way into what we call the “Problem 

of Extension.” The Problem of Extension is concerned with how we set 

boundaries around the legitimate contribution of the general public to the 

technical part of technical debates.

We began our argument with the most commonsensical claim we 

could think of: only those who “know what they are talking about” 

should contribute to the technical part of technical debates. It is probably 

worth reiterating that this approach looks two ways. On the one hand, it 

is a conservative approach in that it restricts participation in the technical 

aspects of technical debates. On the other hand, it is a liberal approach 

in that it admits to the company of those who know what they are talk-

ing about many experience-based experts whose contribution would not 

have been countenanced in earlier times. It opens to the door to Wynne’s 

sheep farmers and to Epstein’s AIDS sufferers and, perhaps, to anyone 

with interactional expertise and, to a greater or lesser extent that is yet to 

be fully worked out, to various other groupings represented on the Peri-

odic Table. Crucially, under this treatment, formal scientifi c training and 
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accreditation are not the keys to the right to contribute—not even to the 

technical part of a technical debate. Under this treatment there is, then, 

a much narrower envelope of technical experts than under the folk wis-

dom view. In some respects there is even a narrower envelope than under 

the old authoritarian model of science, where any scientists was licensed 

to speak on any technical topic—we think only specialists of one sort 

or another should speak. On the other hand, there is a wider  envelope 

of experts than under the old authoritarian model in that anyone with 

the right kind of experience, whether they have scientifi c training and 

accreditation or not, has a potential place inside it.

The bulk of the book has been to show how we might think about what 

it means to “know what you are talking about.” Our efforts have concen-

trated on characterizing expertise and classifying it into its various types. 

We have concentrated heavily on interactional expertise because it is 

important and, so far as we know, it is a new idea that has not previously 

been examined. The philosophical discussion and the experiments on 

even interactional expertise are, however, merely a start. We and others 

are planning more experiments on the topic, and other scholars are criti-

cally examining the signifi cance of the experiments and the idea of inter-

actional expertise itself.1 In other words, the discussion of interactional 

expertise found in this book is only the beginning of understanding of 

the concept. Furthermore, the analysis and experiments on interactional 

expertise reported here and continuing elsewhere constitute, at best, a 

“demonstrator project.” Each category of expertise needs analyzing and 

researching in similar or greater depth.

Our approach to resolving the Problem of Extension, then, is to under-

stand the nature and kinds of expertise. But were we to succeed completely 

in our aim, and our categories were widely accepted, and were a com-

pletely satisfactory way of using the categories to inform decisions to be 

found, the job would be far from complete. The reason is that something 

about the content of expertise as well as its forms has to be included in the 

exercise. This is because there are experts in every activity that takes place 

in social groups, from palm-reading to pop music. One may know what it 

is to know what you are talking about, and know who it is that knows what 

they are talking about, and know how to balance one way of knowing what 

you are talking about against another, but none of it helps if what is being 

1. See www.cf.ac.uk/socsi/expertise for drafts and references to further work and see 

Collins 2008 (forthcoming).
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talked about is the wrong thing. We have stated quite baldly that we think 

that knowing a relevant aspect of Western science should be a precondi-

tion for taking part in the technical aspect of a debate, but this begs the 

question of what is meant by “Western science.” The previous chapters, 

and in particular the Periodic Table of Expertises, have explored what it 

means to “know” something. In this chapter we go where angels fear to 

tread and try to demarcate science and technology from other cultural 

endeavors. We make, in other words, another assault on the Problem of 

Demarcation.

Demarcating the Sciences from Nonsciences

The problem of demarcation is a philosophical standard. All existing 

attempts to demarcate science from nonscience seem to be logically 

fl awed. For example, one would have liked to have said that science was 

marked out by the fact that its claims could be proved (or replicated), but 

the failure of logical positivism (and more recent work in the social stud-

ies of science) show that decisive proof is impossible (and that replication 

settles nothing where disputes run deep). Karl Popper suggested that the 

key should not be decisive proof but the possibility of decisive disproof: 

a hypothesis belonged to science only if the conditions under which it 

could be falsifi ed could be set out. Lakatos’s demonstration that it was as 

hard to prove something false as it was to prove something true uncov-

ered the fl aw. Importantly, despite failing to meet the strict standards 

of philosophy, these demarcation criteria still work well as argumenta-

tive tools; they encapsulate a lot of common sense about how a science 

should work.

It may be, however, that the philosophical standards are part of the 

problem and that this historical lack of success with demarcation crite-

ria refl ects a mistaken understanding of how social activities such as sci-

ence should be understood. Wittgenstein showed that it was impossible 

to provide sharp defi ning criteria for the concept of a “game.” Neverthe-

less, games can be recognized and things that are not games can also be 

identifi ed, so why should the idea of science be any different? Like games, 

sciences can be recognized within the societies to which they belong, so 

“recognizing” cannot be the same as “defi ning an exhaustive set of rules 

for.” This makes it possible to indicate what is meant by today’s science, 

but only if the ambition of generating a timeless and universal set of cri-

teria is set aside. In this chapter, then, we try to say something about 
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the commonsense meaning of science. We try to develop a series of ever 

more narrowly specifi ed demarcation criteria, always accepting that they 

will be fl awed when compared to the standards of logic. We try to demar-

cate, fi rst, science from art, second, science from politics, and third, sci-

ence from pseudo-science. Only after this can we return to the role of 

expertise in the Problem of Extension.

Formative Intentions

To create new demarcation criteria, we are going to have to consider 

intention. The concept of intention has long been viewed with suspi-

cion within philosophical circles because of the diffi culty of knowing 

internal states. Since intentions are private, how can we identify them 

reliably?

The legal system demonstrates how hard it is to determine intentions. 

The courts utilize a complex adversarial system to try to tease out inten-

tions and a fi xed timetable to make sure that a potentially interminable 

argument is brought to a close, yet the courts still make mistakes. Fortu-

nately, this is not our problem. Here we discuss only “formative inten-

tions,” which are quite different from intentions as traditionally discussed 

in philosophy and in courts of law.2 Courts of law have to identify the 

internal state of some particular individual at some particular time—an 

“intention token.” Formative intentions are the intentions that are avail-

able to actors within a form of life, and partly constitute that form of life, 

rather than being the intention of any particular individual at any par-

ticular time and place; they are “intention types.”

Formative intentions are public because they are the property of the 

collective rather than the private property of the individual: they are 

available for inspection by anyone who shares the form of life which they 

help to constitute. To give an example, in the typically British form of 

life of the early part of the twenty-fi rst century, it is possible to dance the 

Tango with a view to winning a Latin American dance medal but not to 

bring on rain. Readers of this book already know this; they do not need 

any special philosophical or legal apparatus to confi rm it. This is not to 

say that there are no people living in Britain who might not be intending 

here and now to dance a Tango to bring on rain, only that their intentions 

are not constitutive of the British form of life and thus we do not need to 

worry about them; it is the form of life that interests us. We are concerned 

2. Collins and Kusch 1998.
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with the texture of social life, not biography or, to revert to the legal illus-

tration, guilt. In our case we are concerned with the formative intentions 

that are part and parcel of the form of life of Western science. We can 

identify them because we already share that form of life. And when we 

rule things out of the science category we are going to be concerned with 

the formative intention types of the excluded groups, not the intention 

tokens of particular individuals.

Unfortunately, the fi rst use of this approach is going to be weak and 

incomplete because many things that are not science share the inten-

tional stance we describe. On the other hand, there are no things that are 

science that do not share this intentional stance. We begin, then, with a 

necessary but not suffi cient defi ning criterion for science. As with other 

aspects of this project, the crucial thing is to make a start.

Science and Art

Consider the contrast between science and some of the avant-garde arts 

such as adventurous fi ne art, certain kinds of adventurous writing, adven-

turous music, and so forth.3 The defi ning feature of these kinds of art is 

that, as far as most of their practitioners are concerned, they are intended, 

not to deliver information, but to engender often unanticipated reac-

tions in the viewer. To give one example, the website of the Musée D’Art 

Moderne et Contemporain, in Geneva explains that “MAMCO aims to 

provoke people to reconsider their understanding of the notions of ‘con-

temporary art’ and ‘museum.’”4 Here the formative intentions are made 

explicit.

Let us call the enterprise signifi ed by this kind of sentiment—the desire 

to provoke new and perhaps unique interpretations in the  individual—

”the provocative arts.” Contrast this intentional stance with that of sci-

ence. The intention behind writing a paper for a scientifi c journal has to 

be to explain the ideas or fi ndings in the paper in the clearest possible 

way so as to afford only one interpretation to all readers—the universal 

interpretation. At least as a fi rst approximation, should a reader take a 

different meaning from the paper than the author intended, then either 

the reader or the author has made a mistake.

Not that this is to say that the reader can take from the paper the exact 

3. This argument was fi rst presented by Collins at the 2000 Cardiff Millennial Quin-

quennial “Demarcation Socialised” conference.

4. http://karaart.com/swissart/museums/mamco/index.html.
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meaning that the author intended—we know that even in the  sciences, to 

a greater or lesser extent, “the author is dead.” We know about “interpre-

tative fl exibility.” We know, in other words, that the meaning of a paper 

once it passes from the hands of the author becomes, to some unavoid-

able extent, the prerogative of the reader. In science this is even insti-

tutionalized in the process of peer review and in what Merton called 

“organised scepticism.” Nevertheless, irrespective of their ability to suc-

ceed in their aim, we can still talk about what the scientist-author and 

scientist-reader are trying to do. We can see that part of the very meaning 

of science includes the imperative that the scientist-writer should try to 

make the paper as clear as possible and as closed to alternative readings 

as possible and the reader of a scientifi c paper should be try to take from 

the paper exactly what the author thought he or she was putting into it 

even if they feel bound to criticize it after having understood it. One 

might say that though interpretative ambiguity is intrinsic to any sort of 

writing, in science it should never be extrinsic—it should never the goal of 

either author or reader. 5

Turning back to provocative art, the oughts are different. If a “reader” 

takes away something radically different than what the author intended 

from an encounter with such a work, no-one has made a mistake. On the 

contrary, it may be that the greater the range of interpretations inspired 

in readers the better.

This difference has implications when it comes to the proper levels of 

expertise of those who ought to judge the works which come out of the two 

different forms of life. A critical comment on an early draft of a paper on 

expertise which was sent to us bears on the matter in an interesting way.6 

We were asked whether, in the case of a work of art such as Tracey Emin’s 

unmade bed, notoriously displayed by the London’s Tate Gallery in 1999, 

we would be happy to restrict judgments about its value and signifi cance 

to a small group of people in the way that we thought appropriate in the 

esoteric sciences. What was interesting was the exact phrasing used in the 

rhetorical question:

No-one without the training and exposure to appropriate gallery-going 

is . . . “competent” [to make a judgment]. So, can one derive the conclusion 

that only they should judge art?

5. The distinction between extrinsic and intrinsic is fi rst introduced in Collins and 

Evans 2002.

6. Collins and Evans 2002. The next passage was also included in that paper. Steven 

Yearley kindly allowed us to identify him as the author of this comment.
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Among other things, the commentator is drawing a contrast between an 

elite set of judges and the public at large and stressing the rights of the 

wider group to a legitimate and consequential opinion. The point is well 

taken because we all feel we have something to say on the artistic merit 

of “the bed.” More signifi cant, however, is that the elite group of judges 

was taken to be those with “training and exposure to appropriate gallery-

going.” This group of specialist observers, as opposed to artist-producers, 

was taken to be the legitimate location of elite expertise. So, the referee, 

in criticizing our undemocratic tendency to locate meaning in the sci-

ences with the producers of knowledge, and in describing what he took 

to be the analogous tension in the arts, revealed something substantive 

about judgment. He showed that the “locus of legitimate interpretation” 

is different in the arts than the sciences. Put into our language, in the arts 

the competition between those who should count as suitable judges is 

between those with interactional expertise, on the one hand, and ordi-

nary folk on the other, with the artists themselves—those with contribu-

tory expertise—”nowhere in sight.” In science the competition is between 

those with contributory expertise and everyone else.

Art is made to be consumed, with provocative art being at the extreme 

end of the range, and that, perhaps, is why the locus of legitimate 

interpretation is where it is. If there is a judgment elite, it is made up 

of those with special viewing, or experiencing, expertise—expertise at 

 consuming—not expertise at producing.

The folk-wisdom case—the case for the general public as the ultimate 

audience—is also much more easily made in the case of art than in the 

case of science. “I may not know much about art but I know what I like” 

is a less frivolous than “I may not know much about science but I know 

what I like.” In the case of art we might be inclined to come down on 

the side of the skilled viewer as opposed to the public consumer, but at 

least the tension between lay and trained judges is easy to understand. 

Science, by its nature, is not directed at either kind of consumer but at 

the truth; this means that if we want to preserve it as we know it the audi-

ence should have less in the way of interpretative rights in respect to its 

 meaning. Where the audience—as in the Mertonian norm of organized 

skepticism—does have rights, their fi rst duty is to align their understand-

ing with that of the producer, not to produce new meaning.7

7. It could be argued that at one time the public, or at least those who witnessed 

 experiments, were more important to the process of science (see Shapin and Schaffer 

1987). 
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The Chain of Meaning and the Locus of Legitimate Interpretation

Although we started with the provocative arts, we seem to have reached 

a conclusion that is also true, if in lesser measure, for a wider envelope 

of arts-type activities. If we think in terms of a “chain of meaning,” with 

authors/artists putting meaning in at the left and readers/consumers 

 taking it out on the right, we see that the legitimate locus of meaning, or 

locus of legitimate interpretation, is further away from the producers in 

the case of the arts than in the case of the sciences. How far this locus can 

move in the case of the arts is up for dispute. There are august institutions 

such as (in Britain) the Arts Council and less august institutions such as 

galleries and sponsors, there are the elite critics, and there is the general 

public. Then there are the postmodernist deconstructionists who believe 

the author loses all interpretative rights to the consumers/critics as soon 

as the work is “out of the door” (though whether these deconstruction-

ist critics are thereby urging a democratic ideal or an elitist one—their 

own diffi cult to penetrate writings being the new elitist pathway into the 

arts—is unclear). But whichever way the argument goes, within the arts 

the locus is always somewhere to the right of the producers. The argu-

ment is represented in fi gure 7.

In fi gure 7 an “author” produces a work, which is interpreted by 

a member of the peer group, and/or a trained critic (or other institu-

tion), and/or the general public. The vertical arrow points to the widely 

accepted locus of legitimate interpretation (or what is widely accepted 

as a suitable intentional stance for the producer of the work), and can 

be positioned anywhere along the horizontal line. The argument is that 

where the arrow lies on the horizontal line depends on the kind of cul-

tural activity in question. In the case of the hard sciences it is well to the 

left; in the case of provocative art, it is well to the right. In general, in the 

arts it is further to the right than in the sciences.8

Now let us try this idea out. It follows from the analysis that the role 

of journalists is likely to be different, and quite reasonably so, in the arts 

as compared to the sciences. In the sciences journalists rarely take it upon 

8. There is one intriguing exception to the rule that begs for further analysis and 

research. This is the “transmuted expertise” of discrimination between experts which can 

occasionally be validly applied by the public (chapter 2). Although this does not feed back 

into scientifi c debate, it does appear to be a way of making sound technical judgments 

from the consumer end of the chain of meaning. It begs for a better understanding of the 

exact circumstances under which it could work reliably and invites a program of empirical 

research. 
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themselves to defi ne the meaning of a work—usually they just sum-

marize and describe.9 In the case of the arts, however, journalists regu-

larly try to defi ne meaning. For example, many newspapers took their 

role in the case of “the bed” (and the notorious display, in 1972, of a 

simple arrangement of house bricks by Carl Andre) to be the champions 

of the general public’s view that these were more like hoaxes than genu-

ine works of art, and the artist was more of a Tony Hancock “rebel”-type 

than a Picasso-type, and we cannot but feel some sympathy for the claim. 

In the same way, moving a little to the left, it would not be unreason-

able for a major newspaper’s art or theater critic to claim to be making 

knowledge—legitimately defi ning what counts as a good or a bad play. 

In contrast, hardly ever would science journalists make the explicit claim 

that they were trying to make scientifi c knowledge when they wrote their 

stories.10 The legitimate envelope of opinion-formers, and therefore the 

legitimate envelope of knowledge-makers, is far wider in the case of the 

arts than it is in the case of the sciences.11

Figure 7. The chain of meaning

9. For a view of the role of “science critic” which is rather different to the one taken here, 

see Ihde 1997. 

10. With the exception of fringe sciences such as parapsychology where the normal 

boundaries are crossed (Collins and Pinch 1979). The normal boundaries were also crossed 

in the case of the UK reaction to MMR vaccinations, where journalists championed the view 

of the public at large on the basis of no scientifi c evidence. To put the argument another 

way, the distinction between constitutive and contingent forums discussed in Collins and 

Pinch 1979 does not apply to the arts because those in the “contingent” forum may legiti-

mately constitute knowledge.

11. Literary criticism makes for an interesting case. It is all interactional expertise in 

respect of the literature itself yet it is also an expertise sui generis. For this reason literary 

criticism breaks the rule (discussed in chapter 1) that interactional expertise is parasitic—it 

can survive only so long as there is continued interaction with contributory experts. Here, 

interactional experts are the contributory experts in the expertise that they defi ne with their 
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The idea of the chain of meaning also gives us a new term, “artism,” 

which is the counterpart of “scientism.”12 Scientism (we are talking of 

scientism2), is the view that every human activity should conform to the 

science pattern of restricting legitimate interpretation to the author 

or those close the author at the left-hand end of the chain of meaning. 

Artism (artism2) is the view that every human activity should conform 

to the arts/humanities pattern where legitimate interpretation is always 

the prerogative of the consumer or someone close to the consumer at the 

right-hand end of the chain of meaning. Under scientism, the aspiration 

is that there should be no shifting ground anywhere and no attempt to 

create shifting ground. Under artism, the aspiration is that there should 

be no fi xed points anywhere and no attempt to create fi xed points—that 

is, there should be no knowledge claims which are not subject to legiti-

mate reinterpretation by the consumer.

We can also use the analysis to shed some more light on hoaxes and 

fakes. An art hoax, or art forgery, or the like, should be easier to accom-

plish than a scientifi c hoax or forgery because its target can be a much 

less expert range of persons. It follows that such a thing is, and should 

be, much less of a scandal. Given that avant-garde art (as in the example 

of The Rebel, discussed in chapter 2) is presented to a wide public who 

are entitled to interpret it as they will, it is no surprise that such a thing 

might be pulled off. Instead of it being seen as a worrisome problem, it 

can be used as a resource for exploring the nature of art.13

Science, Technology, and the Locus of Interpretation

Having started with the provocative arts and moved inward to the arts 

as a whole, let us now move further left still and reenter the realm of 

the sciences and technologies. In “public use technologies,” such as cars, 

activities. This tendency seems to have been brought to a fi ne pitch in the postmodern style 

of literary criticism. Here, the content of the work of literature that gives rise to the critical 

discussion is almost irrelevant, and it would be unimaginable to bring in the artist or pro-

ducer of work for an opinion, the critical dialogue taking place entirely between the critics. 

On the same lines, a reader of an earlier draft raised the interesting question about 

whether there was an interactional expertise pertaining to language itself which would be 

different to contributory expertise in the language—speaking it. Our fi rst inclination is to 

say that the two are identical, but this may be a point for further debate. 

12. Presumably there are four kinds of artism just as there are four kinds of scientism 

as discussed in the introduction. There we said we hold with scientism4; we also hold with 

artism4. 

13. Compare the case of the Sokal hoax and the Bogdanov debacle (chapter 2, note 16).
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bicycles, computers, speech transcribers, and so forth, the public does 

have a legitimate right to interpret the meaning of the “works” produced 

by the “authors.” Like works of art, public use technologies are made to 

be consumed, and thus the locus of meaning is further to the right than 

in the case of the esoteric sciences.14

This framework can also be used to understand some variations of 

practice even within the hardest of the sciences, such as physics. Here, 

however, the distinctions lie within a small range at the far left. The dif-

ference is between “evidential individualism” and “evidential collectiv-

ism.”15 It is between those who believe an entire scientifi c analysis should 

be completed by an individual, or within an individual laboratory, before 

it is released in the form of a publication and those who believe any data 

that is found should be reported early enough to allow other core experts 

to help in the determination of its meaning. This does not negate our 

initial claim about the intention of scientists, since it remains the duty 

of even evidential collectivists to be completely clear about what they 

are saying, and to be clear that the responsibility for making meaning 

remains within the core group of scientists and gets nowhere near the 

public. Following this line, we see that evidential collectivism can have 

real dangers when the rights to the interpretation of the data, having been 

exposed by publication, are taken to have moved beyond the core into 

the realms toward the right of the chain of meaning. This happens when 

scientists or others try to recruit the public in support of some theory or 

fi nding that is not yet accepted within the scientifi c community.16

Framing

The idea of the legitimate locus of interpretation is also a useful way of 

thinking about the notion of the “framing” of technological disputes. 

Consider the disposal of redundant oil rigs at sea, such as the Brent Spar 

platform in the North Sea. Analysts such as Wynne suggest that it is 

 reasonable to frame the question in a way that has nothing to do with 

any particular oil rig and everything to do with society’s willingness or 

otherwise to accept a certain style of disposal. Framed this way, the ques-

tion is about the importance attached to preserving the environment in 

14. See Bijker, Hughes, and Pinch 1987; Bijker 1995. 

15. Collins 1998; 2004a, chap. 12.

16. This overextension of interpretative rights seems to be what happened in the case of 

the plane crash and the train crash discussed in Collins 1988 and in the case of the MMR 

vaccine. 
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general, and the decision is essentially about the kind of society we live 

in. Sinking the Brent Spar in the sea expresses a lack of respect for the 

environment—it is our respect for the environment that is the question 

rather than the actual pollution potential of the rig.

Under our analysis, Wynne and those like him are adopting a role in 

respect of technology like that of the art critic in respect of art. In art, the 

critic’s role is to teach us how to interpret works of art—perhaps  offering 

entirely different interpretations to those intended by the artist. The role 

is to create meaning from a position near to the consumer, perhaps repre-

senting the consumer. In the same way, the critics of technology shift the 

locus of meaning creation toward the consumer. For example, disposal 

of the Brent Spar platform is to be seen less as a problem to be solved at 

greater or lesser cost in terms of money and pollution—the way the dis-

posers think about it—and more as something associated with lifestyle 

choice.

Seeing technology in this way may be legitimate in today’s world, but 

considerations that belong at the left-hand end of the chain of meaning 

cannot be entirely ignored. Whether the Brent Spar would pollute the sea 

was germane to the debate about whether it should be disposed of at sea, 

even if it may not have been the decisive consideration. If it turned out 

that the Brent Spar would not pollute at all but rather would provide a 

safe haven for endangered species of fi sh, the same lifestyle choice might 

lead to a different conclusion. Whether it would pollute the sea or not, 

and whether it would provide a home for endangered fi sh or not, are 

questions with answers whose legitimate locus of interpretation is at or 

near the far left, not the right, of the chain of meaning.17

Here we are trying to provide a language and conceptual framework 

for thinking about who has legitimacy in such debates. If it is accepted, a 

consequence will be a slowing of the current slide to the right in the locus 

of legitimacy in the case of science and technology—toward artism2. 

It is no coincidence that the inspiration of some recent critiques of sci-

ence is the European philosophy that underpins literary criticism; both 

movements are attempts to shift meaning (in terms of our diagram) to 

the right. Attempts to shift the locus to the right can be seen as another 

17. This difference in emphasis maps onto the distinction between the technical and 

political phase of decision that was fi rst introduced in Collins and Evans 2002. Although 

the word “phase” implies a temporal sequence, the usage owes more to the natural science 

meaning, where phase refers to the different states (solid, liquid, or gas) that a material 

might take depending on factors like temperature and pressure. In a similar way, the same 

decision might move between technical and political phases depending on the context.
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move in the old war of the two cultures—they are attempts to treat sci-

entifi c and technological knowledge as like knowledge belonging to the 

arts. With a shift to the right, critics, and the public in general, are given 

a role rather similar to that they would have in respect of the arts. But 

science and technology, if they are to retain their meaning as science and 

technology, must have a more authoritarian look about them because the 

locus of legitimate expertise will always be nearer to the point of origin 

of the knowledge. If, in our society, we want to retain the idea of Western 

science, we must want our scientists to want to be right—to be trying to 

stand on fi xed ground—not just provocative and therefore happy with 

shifting ground.

Demarcating Science from Politics

Demarcating science from politics is easy once one accepts the idea of 

formative intentions. The problems of legitimacy and of extension arise 

because “the speed of politics is faster than the speed of science.” Were 

there no distinction between science and politics, then they would run at 

the same speed because they would be co-extensive. Thus it must be pos-

sible to draw the line—the question is how.

We can start by drawing on the chain of meaning. One of the things 

we mean by “politics,” when we contrast it with “science,” is the mobiliza-

tion of the interpretative power of those further to the right in the chain 

of meaning than would be normal in science as usually understood. In 

politics it is normal and appropriate for public opinion to be important 

in reaching conclusions; in science it is different, if not in practice at least 

in legitimate intention. For example, Shapin showed that, in nineteenth-

century Edinburgh, scientists studying the brain were led to observe fea-

tures that were homologous with their position in local Edinburgh poli-

tics and that the conclusions of the key scientists in the debate about brain 

structure were infl uenced by such local political considerations.18 In our 

terminology, the infl uence of larger groups of townspeople effected the 

interpretations of the small groups peering at brain structures through 

microscopes. Other studies confi rm that this was not a special case in that 

theory and observation alone must always show the infl uence of forces 

that are not normally thought of as strictly belonging to the activities of 

science. At the very least, the “small-p” politics of the scientifi c commu-

nity is bound to enter into the formation of scientifi c consensus.

18. Shapin 1979.
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This discovery has led some analysts to conclude that since politics 

cannot be removed from science, then science cannot be separated from 

politics. This is a mistake. The key, once more, is intentions. We do not say 

“Ah! Shapin’s study has shown us the right way to do brain observations: 

get in as much local politics as possible.” We do not say “the trouble with 

modern neuroscience is that local politicians have too little infl uence on 

the research fi ndings.” We do not conduct focus groups so as to sample 

public opinion more often and more accurately and thus help us better 

decide about the structure of the brain. We do not say and do such things 

because, although we know that all manner of “nonscientifi c” infl uences 

will effect the interpretation of what is seen through the microscope, we 

do not consider these to be “legitimate” infl uences. We admit that the 

locus of interpretation is further to the right than we once thought, but 

the locus of legitimate interpretation stays where it is. The intentional 

stance of science and scientists remains the same.

We can, then, demarcate science from politics, not by looking at the 

content of scientifi c knowledge but by looking at the contrasting forma-

tive intentions of scientists and politicians. To use the terms applied in 

the discussion of interpretative ambiguity, social studies of science may 

have shown that politics and other mundane infl uences are intrinsic to 

scientifi c knowledge, but, like interpretative ambiguity, they should 

never be extrinsic. Such infl uences must be resisted within any activity 

that we are to call a science. Those who engage in the social studies of 

science already know this, and that is why, while they proclaim on the 

one hand that science is invested with politics, they insist on the other 

hand that the testing of drugs is “unduly infl uenced” by the power of the 

drug companies, or that studies of the effects of smoking are “distorted” 

by powerful tobacco interests, or that genetics in the Soviet Union was 

“damaged,” rather than “energized” by the political backing given to the 

ideas of Trofi m Lysenko.

Demarcating Science from Pseudo-science

Demarcating science from pseudo-science is hard. At least some pseudo-

scientists want to be clear and unambiguous in their work and to avoid 

the infl uence of mundane forces upon their fi ndings; they wish to keep 

the locus of legitimate interpretation close to themselves. The extra 

criterion we have to introduce is the intention to make a body of work 

fi t within the existing body of science. To make a start, we look at an 

extreme and somewhat colorful case.
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Drug-induced State-specifi c Sciences

It has been argued that there are sciences that exist independently from 

the main body of science in perpetuity. An early proponent of this idea 

was the University of California at Davis psychologist Charles Tart. In 

1972 Tart wrote a paper positing the existence of “state-specifi c sciences.” 

Tart argued that there were sciences that were specifi c to altered states of 

consciousness such as were induced by drugs whose fi ndings would have 

no bearing on the ordinary world of perception. These were the heady 

days of the counterculture, and the tenor of the times can be gauged from 

the fact that Tart’s paper was published in the prestigious journal Science.

Tart’s idea is germane for the following reason: if there were a science 

that was specifi c to the altered state brought about by, say, ingestion of 

LSD—let us call it LSDology—then it would follow that no-one who was 

not “on” LSD would understand its terms and categories. The idea of 

state-specifi c sciences suggests that a particular bodily state would be a 

necessary condition for the acquisition not only of contributory expertise 

but of interactional expertise too. If the availability of the concepts of 

a science (or any other activity) are tied to a specifi c bodily state, then 

even the interactional expertise pertaining to that activity cannot be 

acquired by those who are not in the state. Madeleine, fl uent in respect 

of every other human activity according to Sacks, would remain dumb 

in respect of LSDology and, likewise, there could be no sociology of sci-

entifi c knowledge of LSDology without LSD ingestion. A more complete 

and physical engagement with the form of life than talk alone provides—

a physical engagement more appropriate to the acquisition of contribu-

tory expertise—would be needed. Sociologists should note, then, that the 

idea of a state-specifi c science puts sociology of scientifi c knowledge in 

jeopardy because once one allows that a level of physical immersion in 

a domain is an indispensable condition for the attainment of even inter-

actional expertise, then practitioners can insist (as the “science warriors” 

used to) that if you cannot do the science you cannot talk about it.

State-specifi c sciences have no overlap, nor even potential overlap, 

with other sciences; the only people who will ever understand the state-

specifi c sciences are those in the specifi c-state—otherwise they would 

not be state-specifi c sciences. They would just be a set of experiments or 

observations, carried out in specifi c conditions, the results of which could 

be communicated to the rest of the scientifi c community in the normal 

way. In the same way, state-specifi c sciences cannot draw on the fi ndings 

of the main body of science, because these fi ndings will not bear on the 
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science of the special state. In a state-specifi c science there cannot be the 

trust for the fi ndings of ordinary science that keeps most science going. 

Here we are introducing a new demarcation criterion that belongs within 

the formative intentions of science: “Except where specifi c new fi ndings 

demand a break, the intentional stance of a science must be to maintain 

continuity as far as possible with the existing science.”

Family Resemblance

We’ll call this new rule “the family resemblance rule” after Wittgenstein’s 

idea. As stated above, like other rules that try to express the normal way 

of going on in social life, it is vague: it very evidently does not contain 

the rules for its own application. We can try to fi nd out what it means by 

exploring examples to which it can be applied, but fi rst we will describe 

the idea of family resemblance.

Family resemblance implies that two distant members of a family, A 

and N, may have few characteristics in common but member A shares 

many characteristics with B who shares many characteristics with C, 

who shares many characteristics with D, and so forth, until N is reached. 

The idea can be represented diagrammatically as the set of overlapping 

ellipses depicted in fi gure 8. If the diagram represented the family of 

games, the very example that Wittgenstein used to develop the idea of 

family resemblance, the ellipse at the left-hand end might be soccer and 

that at the right-hand end might be dwile-fl onking; if the diagram repre-

sented sciences, included among the ellipses would be, say, gravitational 

wave physics and ornithology.

The trouble with the idea of family resemblance treated as a logical 

rule is that certain family members may have nothing in common at all, 

so that having a family resemblance with science may rule out nothing. 

Figure 8. The idea of family resemblance
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To make the idea work we have to invoke the idea of form of life to which 

it refers. Thus we know that when we say that both soccer and dwile-

fl onking are games, we know what we mean only because we share a 

form of life—the point being reinforced by the fact than many readers of 

this book, who do not share the appropriate form of life, will have to look 

up dwile-fl onking on the Internet before they “get it.”19 It is clear that 

those who have to resort to the Internet are perfectly entitled to claim 

that dwile-fl onking is not a game as far as they are concerned.

Intelligent Design

To use the idea of family resemblance, then, the family has to have some 

boundaries. This becomes clear if we examine the evidence given in the 

Dover School Board case in Harrisburg Pennsylvania in 2005. The case 

concerned the scientifi c status of the theory of intelligent design. The 

Dover School Board was prosecuted for allowing the teaching of intel-

ligent design in science lessons whereas the complaining parents claimed 

it was a religious teaching. Giving evidence for the defense, a philosopher 

of science claimed that since Newton had been inspired by religion in 

his scientifi c work, and since it was unclear how science would unfold in 

the future, the religious motivation for the teaching of intelligent design 

could not disbar it from the category of science. In effect the philoso-

pher claimed that religion was once central to activities that counted as 

belonging to the family of sciences and that one day it might do so again; 

religiously motivated scientifi c work could count, therefore, as having a 

family resemblance to science. A moment’s thought will reveal that New-

ton was also an alchemist, and thus the same argument could be used for 

teaching alchemy in today’s school science lessons. Furthermore, since 

19. The meaning of game is brilliantly explored in the British Radio 4 ironic panel game 

“I’m Sorry I Haven’t a Clue.” The quintessential example within it is the game “Mornington 

Crescent.” In Mornington Crescent each contestant in turn names a street or thoroughfare 

in London. It is clear from the long pauses for thought, the “oohs” and the “aahs,” that an 

acceptable continuation that will cause diffi culty for the other players is an accomplish-

ment that can be managed with more or less wit and brilliance. After a series of such turns a 

player will suddenly announce “Mornington Crescent,” to moans of disappointment, mild 

expletives, expressions of self-deprecation, etc., from the other contestants. It is clear that 

someone has made a mistake and the winner has cleverly exploited it. The viewers, and pre-

sumably the contestants, never have any idea of the rules. The joke is that they are playing 

the form of the game without the contents. Mornington Crescent is a “ hollowed-out” game. 

Mornington Crescent, though it has the form of a game, is not a game but a comment on 

the meaning of game. Mornington Crescent, though it has the form of a game, is no more a 

game than Wittgenstein’s discussion of games itself is a game. 



130 / Chapter Five

we are in no position to know the future, the argument from what science 

might be like in the future could justify the teaching of anything that we 

have not so far thought of as science. Looking far into the past and far into 

the future, then, makes the notion of family resemblance unworkable. To 

use the family resemblance criterion we have to talk about  science as we 

know it, not science as it once was or might be one day be.

It might be objected that family resemblance used this way is too con-

servative a criterion; it seems to say, “keep everything as it is.” Once more 

we can refer to intentional stance. We know that science goes through 

stages of schism and revolution—what Kuhn called paradigm shifts. If 

one theory says that mass and energy are conserved while another says 

they are not, precipitating new ways of doing things in the laboratory and 

what amounts to a social revolution within science, does this not to create 

a rift in the family of existing sciences? The answer is “no” because the sci-

entists pushing forward in the new direction have the intention to change 

as little as possible consistent with their new theories and fi ndings. They 

do not want to overthrow the scientifi c method, nor the greater body of 

scientifi c fi ndings, nor the major social institutions of science, nor the 

existing data of science. They do not want to become outsiders. Paradigm 

revolutionaries aim to persuade the same scientists to think and act in a 

new way within their existing institutions, preserving as much as possible 

of what already exists and their links with it. This contrasts with the pro-

ponents of ID, who want science to become much more compatible with 

something beyond science—the idea of a divine intelligence. Were they to 

succeed, the methods of science would change in that texts of obscure ori-

gin and the revealed certainties of faith would play a much larger role in 

the gathering of knowledge and the assessment of its value. The publicly 

accessible rules of science as we know it include careful observation at the 

expense of texts, especially those of obscure origin, and the elimination 

of personal bias such as comes with revelation. Furthermore, exploration 

of diffi cult topics, such as the development of complex organisms, would 

be discouraged, as a readymade explanation would be to hand, whereas 

current science demands that diffi cult problems should be seen as oppor-

tunities to deepen knowledge, the intention, even if it cannot be realized, 

being to understand and explain everything within science’s purview by 

scientifi c means. All manner of additional rules could be added to this 

list, such as the centrality of experiment to the sciences. The crucial move 

we make here, in response to what has been discovered under “Wave 

Two of science studies,” is to move away from taking these rules at their 
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“epistemological face value.” We locate their importance in the formative 

intentions that belong to the scientifi c form of life.20

Gravitational Waves, Parapsychology, and Astrology

Joseph Weber said he had discovered gravitational waves in the early 

1970s, but his claims were rejected and he was treated as a maverick 

physicist for the next thirty years. His aim, however, was always to have 

his ideas accepted by the existing community of physicists; he published 

in physics journals, attended physics meetings, ran experiments readily 

recognizable as physics experiments, fl awed or not, and continually tried 

to improve the sensitivity of his apparatus and his methods of analysis. 

He failed to convince anyone, but all these failures to convince were con-

ducted within the recognizable form of life of physics. Weber’s work is 

science under the family resemblance criterion; his fi ndings may not have 

been accepted, but his intentional stance was to bring those fi ndings into 

the ordinary work of contemporary physics.21

Now consider parapsychology: the study of telepathy, “mind over mat-

ter,” “remote perception,” and so forth. Parapsychology is a more diffi cult 

case because it claims to be able to show evidence for the existence of 

forces which most scientists believe do not exist. If these forces were real, 

their existence could cause an upheaval in the world of ordinary science 

since one implication might be that every “meter reading” would have to 

be safeguarded against the infl uence of the experimenter’s and others’ 

minds.22 Nevertheless, if we concentrate on the small number of parapsy-

chologists who work in university laboratories, we fi nd that their aim is to 

demonstrate the existence of paranormal effects to the satisfaction of the 

contemporary scientifi c community, not to overturn science’s methods or 

the larger part of its fi ndings. The methods used by these parapsycholo-

gists are scientifi c to the point of tedium—very long controlled experi-

ments supported by sophisticated statistical analysis. Parapsychologists 

occasionally publish in the peer reviewed journals of mainstream sci-

ence, but they also maintain their own journals which operate demand-

20. For “Wave 2 of science studies,” see Collins and Evans 2002. For the centrality of 

experiment, see Crease 2003.

21. Collins 2004a, esp. chap. 20.

22. A few scientists, however, do believe that quantum theory leaves a space for the 

effect of the observer’s consciousness on the way events turn out at the macroscopic scale.
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ing standards of technical review. Insofar as these parapsychologists want 

to overturn anything, they want to overturn the theoretical consensus 

about the elementary constituents of the universe—in this respect their 

project is like that of Einstein at the start of the twentieth century. Like 

Einstein, they hope to preserve as much as possible of the existing insti-

tutions and methods of science. Parapsychology is not, then, something 

that could never be a common or garden science. Parapsychology is, like 

cold fusion, a science that is not successful enough to have given rise to 

much overlap with current sciences but is still trying.23

If we now turn to newspaper astrology, we can see that almost none of 

the ideas, none of the institutions, and none of the personnel who endorse 

it have any overlap with orthodox science. What is more, the majority of 

astrologers do not want to have any such overlap—they do not want to 

become part of orthodox science. Astrology could go another way! If sci-

ence ever were to accept the infl uence of the planets on human destiny 

and embrace the “astrologers,” the astrologers would be very different 

from those of today and the infl uence of the planets would be mediated 

by forces within accepted science (or within the accepted science of the 

day). The forces, for example, might be the relationship between birth 

date and climate or even the self-expectations engendered by believers in 

astrology born under certain star signs (a kind of placebo effect such as is 

central to medical science). The aim of those endorsing such “astrologies” 

would be to create a family resemblance between the enterprise and sci-

ence; they would want to be absorbed into mainstream science, perhaps 

changing the cognitive content of some sciences (probably psychology 

rather than astronomy) in the way Kuhn describes.24

The family resemblance criterion is a guideline. It says that the pres-

ervation of discontinuity between a new approach and the main body of 

science cannot be anyone’s intention if the new approach is to be counted 

as science. There may be long-lasting confl icts, which turn out to be irre-

solvable differences of view, but this cannot be what scientists have in 

mind. In sum, under this view no-one can proudly proclaim that it is 

possible, within science, to believe both p and not-p. Studies of science 

23. Once more, the social psychology of polarization forces us to add this footnote 

 stating that we are not here supporting the claims of parapsychology. 

24. Renee Gauquelin apparently discovered a correlation between star sign and ath-

letic prowess. Gauquelin gets into science under our criteria even though he was rejected 

by the Committee for the Investigation of the Claims of the Paranormal. See the article by 

 Gauquelin in The Truth about Astrology, trans. Sarah Matthews (Oxford: Blackwell, 1983) and 

John Anthony West, The Case for Astrology (New York: Viking Arkana, 1991). 
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over the last three decades have shown that it is in fact possible for sci-

ence to hold both p and not-p—at least for periods of around half-a-cen-

tury and longer—but this is not something to be valued.25 To use our 

favored language, discontinuity is intrinsic to science but not extrinsic. 

Thus, alternative medical treatments which value the idea of treating the 

“whole person” are not science if the aim is to combat the existing body 

of medical science, or move medicine toward the realm of magic (even 

if this can work as a cure for the individual), but are science if the aim 

is one day to understand the whole mind and body as a complex system 

of causal chains.26 Antivaccination campaigns are not science, although 

studies of the dangers and costs of vaccination campaigns compared to 

the dangers and costs of the diseases they are designed to combat are sci-

ence. Even the claim that the complexity of certain organisms is too great 

to be explained by evolution is science if the object is to fi nd better scien-

tifi c explanations, but it is not science if the aim is to replace elements of 

science with elements of religion. In terms of the chain of meaning, the 

aim of scientists must be to return the locus of legitimate interpretation 

as far to the left as possible even if it sometimes takes excursions a little 

way to the right.

This chapter has been intended to bring us to the point where we 

could begin to use the Periodic Table of Expertises to help us make 

 decisions about who counts as an expert and who does not in respect 

of the specifi cally technological aspects of technological disputes in the 

public domain. The Periodic Table in itself cannot demarcate sciences 

from the arts, from politics, and from pseudo-sciences, all of which have 

their own experts with their own expertises ranging from beer mat, to 

contributory, to meta-level. But if the new demarcation criteria work, or 

some other demarcation criteria can be made to work, they can be used 

to help identify scientifi c and technological experts as opposed to other 

kinds of experts. Once the domains of science and technology have been 

identifi ed, an appropriate balance of experts and expertise from within 

the domains can then be made.

25. See, for example, Collins and Pinch 1993/1998.

26. Collins and Pinch 2005.
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Science, the Citizen, 

and the Role of Social Science

To repeat a point we have made over and over, we are not claiming that 

there is nothing more to making technological decisions than sorting 

out the appropriate groups of experts. Technological decisions within 

the public domain have a political as well as a technical phase. There are 

three questions about the way the two phases relate to each other.

1.  Given that there is an analytic distinction between science and politics, 

what is the appropriate ratio of science to nonscience in a decision?

2.  Given that there is a distinction between science and pseudo-science, 

which are the sciences proper that should bear upon a decision?

3.  How can the public recognize what they need to recognize to make appro-

priate decisions?

Both 1 and 2 are components in the problem of “framing” a techno-

logical debate. As mentioned earlier in chapter 5, one good justifi cation 

for an element of nonscience is the opinion of the consumer in cases of 

public-use technologies such as cars and personal computers.1 Another 

justifi cation for a large ratio of nonscience or nontechnology in a decision, 

be it politics, consumer preference, or lifestyle choice, is weak science. If 

1. An interesting borderline case is market research among “lead users” of new tech-

nologies. In effect, this group of users acquire contributory expertise in the use of the pro-

grams, and the companies consult them as experts. Interestingly, the groups of lead users 

who contribute in this way may be too narrow. It has been argued that truly novice users 

can be neglected in consequence of dependence on lead users. The result is that the design 

of, for example, IT interfaces turns out to be less than optimum for the majority of users. 

See, e.g., Von-Hippel 1988 for lead users and the arguments of Phil Agre at http://commons

.somewhere.com/rre/2000/RRE.notes.and.recommenda19.html.
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scientifi c consensus lags a long way behind the need for public decisions 

or the formation of public preferences, the science should not have a big 

input. Sciences are of different kinds, from the exact physics of planetary 

motion to the intractable problems of long-term weather forecasting or 

economic modeling. Macro-economic forecasters try to predict the infl a-

tion rate or the unemployment rate of a country a year or so in advance. 

Their forecasts are based on masses of historical data, a fi rst-class under-

standing of economics, and complex computer models, but they can still 

get it wrong, sometimes very wrong, and they often disagree markedly.2 

Does this mean they and their enterprise should be abandoned? Is this a 

case where there is nothing to go on but politics? Our view is that even 

here there is a case for nurturing and listening to the experts, however 

impotent they are in terms of the outcome of their forecasts.

The fi rst reason for this is that economic forecasters simply know 

more about how the economy works than anyone else—they know what 

they are talking about. A more subtle argument can be drawn from the 

partly analogous case of art forgery discussed by Nelson Goodman.3 

Goodman asks why it is important to maintain the distinction between 

 genuine works of art and fakes when even the most distinguished critics 

cannot tell which is which (except by forensic means, such as tracing the 

history or analyzing the paint, canvas, etc.). Goodman argues that appre-

ciating art is a developing accomplishment and that even if today’s art 

critic cannot tell the difference between the genuine item and the fake, 

the skill of reading paintings might one day develop to the point where 

the difference will become clear to the trained and practiced viewer. This 

can be guaranteed never to happen unless the institutional difference 

between the fake and the real is preserved along with that of the idea 

of the art connoisseur. In the same way, we can argue for the preserva-

tion of the institution of expert economists even if current economic 

prediction is often far from the mark—one day it may be possible to 

make more accurate predictions. And even if this will never be the case 

for the economics, it may be the case for other related expertises; hence, 

do not give up expert institutions lightly even if they are currently of 

little use.

That said, experts should obviously have a relatively greater input 

where their results are more reliable. If economic prediction were a more 

certain science it would carry more weight, even though the decisions 

2. Evans 1999.

3. Goodman 1969.
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that invoke economics will always be political decisions. Where we move 

further from politics, the weightings will change again. The public panic 

in Britain over the safety of the combined mumps, measles, and rubella 

(MMR) vaccine, which surfaced in the early 2000s, seems to be a case 

where the weighting of expertise went wrong. With no real controversy 

within the scientifi c community, the value of consensual expert advice 

was entirely misjudged by journalists, the public, and, unfortunately, 

many social scientists.4

At the same time, it is rare to fi nd a technological decision that calls 

for nothing more than the opinions of specialists. None of the argument 

in this book should be taken to mean that in many or most technologi-

cal decisions certain groups of experts do not try to aggregate unjustifi ed 

power to themselves. Cost-benefi t analysts tend to work with too narrow 

a range of easily measured costs; risk analysts do the same, not account-

ing for such things as the political risks associated with safeguarding 

nuclear installations against terrorism. Neither group can account for the 

cost or risk of loss of freedom against the cost of a reduction of CO2 emis-

sions. Clearly, these are elements of the decision that fall squarely into 

the nonscientifi c domain.

More subtly, even where we confi ne the discussion to esoteric do-

mains, what we have shown is that scientifi c and technological expertise 

can often be found outside the narrow confi nes of the accredited scien-

tifi c and technological community. When he introduced the term “tacit 

knowledge,” Polanyi was trying to establish the need for a “Republic of 

Science.”5 Scientists must rule themselves, he said, because, being the 

only possessors of the inexplicable tacit knowledge, they were the only 

ones who understood their capabilities and purposes. Implicit is the idea 

that only practitioners are fi t to judge other practitioners. In our terms, 

this would amount to the claim that only those with contributory exper-

tise can judge others with contributory expertise. The trouble with this 

view is that we now know that even within the scientifi c community 

acceptable judgments are often made by those with no more than inter-

actional expertise (and sometimes referred expertise) in respect to what 

they are judging. If interactional expertise has such an important role 

within science, it opens the door to the possibility that nonscientists with 

interactional expertise in a science might also play a role in judging it. 

There are also unaccredited contributory experts, such as Wynne’s sheep 

4. Speers and Lewis 2003, 2004; Collins and Pinch 2005.

5. E.g., Polanyi 1958. 
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farmer’s or Epstein’s AIDS experts. Thus the walls of Polanyi’s Republic 

are breached even as the special value of expertise is recognized.

On the other hand, social scientists can all too easily fall into the trap 

of thinking that those outside the Republic are making technical choices 

whenever they make a choice about a technical matter. If political choices 

and lifestyle choices were assimilated with technical choices, then the 

form of life we call science and technology would disappear. Let us return 

to the quotation supporting the folk wisdom view in the matter of The 

Politics of GM Food, fi rst presented in the Introduction:

”. . . many of the public, far from requiring a better understanding of sci-

ence, are well informed about scientifi c advance and new technologies 

and highly sophisticated in their thinking on the issues. Many ‘ordinary’ 

people demonstrate a thorough grasp of issues such as uncertainty: if any-

thing, the public are ahead of many scientists and policy advisors in their 

instinctive feeling for a need to act in a precautionary way.” 6

A closer examination shows that this claim was based on the outcome of a 

series of focus group meetings, the discussions being well documented in 

the report. The authors explain that “biotechnology was too scientifi c for 

people to comprehend easily and many wanted to know more about what 

was involved” (7). The focus group members felt lost in the technology: 

“It’s all very technical to me” (40); most people were “confused about the 

process of cheese making and the role of the enzymes, calves and so on” 

(45); “You’re not aware because you haven’t been educated about biotech-

nology and the fact that it is actually happening. How many people who 

you ask in the street about ‘do you know about biotechnology in food?’—

they’d say ‘no’”; “‘Genetically modifi ed’—Most people wouldn’t know 

what that meant”; “I think the main worry is that we just don’t know how 

these things have been modifi ed or what they have done to make it replace 

that”; “What they’ve actually done to the tomato. Yeah what they have actu-

ally done? In simple terms for the average housewife shopper?” (52).

On the other hand, the focus group members’ distrust of the institu-

tions of science, technology, and government seemed more coherent, and 

given their experience of successive British governments’ mishandling of 

these issues—which gave them something from which to  generalize—this 

is understandable. What remains worrying is the way the authors of the 

6. The Politics of GM Food: Risk, Science and Public Trust (Swindon: Economic and Social 

Research Council. ESRC Special Briefi ng No. 5, October 1999), quoted at page 4. 
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report unashamedly assimilate moral choice and choice of lifestyle with 

technical judgment. “In general, the anxieties were more pronounced 

the closer particular proposals came to challenging people’s sense of an 

established moral order” (16–17). “There was a feeling that scientifi c and 

technical interventions moved food even further from its (desirable) nat-

ural state” (7). The distrust of GMOs was also based on an “instinctual” 

(the word is used approvingly in the report) distrust of the “unnatural.” 

This is documented on page after page of quotations from focus group 

members in an annex to the report (37) as well as in the report’s ana-

lytic main body. But trustworthiness of the natural is almost a paradigm 

of nontechnical reasoning. The Irish potato famine was “natural,” the 

 epidemics of plague and smallpox that killed our ancestors were natural, 

AIDS is natural. On the other hand electricity is unnatural, penicillin is 

unnatural, and, pertinently, miscegenation is seen by many as unnatural, 

although this attribution is now resisted in what many of us would call 

civilized societies. The argument from the natural is about as unsophis-

ticated an argument as one can fi nd, yet it is quoted in this report as sup-

porting the view that the public exhibited a “reasonable” assessment of 

the evidence.

Among other things, it is this kind of confusion of the technical and 

nontechnical that we want to clarify; we want to separate the technical 

from the political phase of the debate. The report reveals that the public’s 

technical knowledge about GM was poor—the very most they had was a 

vestigial “transmuted expertise” which arose from their reasonable dis-

trust of offi cial spokespersons in respect of the new technology. But in 

spite of this lack of technical knowledge, the public’s right to demand 

that new GM technologies be tightly regulated remains unaffected. What 

we should be celebrating is this political right in a democratic society, not 

the spurious technical abilities of the public.

Even while exploring and defending the notion of specialist expertise, 

we have argued that the public at large has rights in the matter of tech-

nological decision-making. They have the right to choose their politics, 

their lifestyles, the risks they take, and even the extent to which they trust 

scientists and technologists. The social science of the last three decades 

has provided an intellectual grounding for hugely enhancing the rights of 

citizens in these respects. It has done it by “leveling the epistemological 

playing fi eld.” Science and technology no longer stand so far above the 

common terrain of knowledge that they seem to belong to some heavenly 

domain—a domain of revealed knowledge and priestly authority. Science 

and technology have become ever more familiar, their ways of assess-
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ing evidence bearing a disturbing resemblance to everyone else’s ways of 

assessing evidence. This demystifying of science and technology has been 

entirely a good thing and has reduced the chance of the growth of a new 

kind of science fascism built on foundations of quasi-divine infallibility, 

which, in the 1950s, seemed a real possibility. Scientists and technolo-

gists, we have learned, cannot displace politics with expertise.

Nevertheless, to take it that the epistemological landscape is without 

a vertical dimension is to abandon responsibility for the world we live in. 

The new job of social scientists, having been so successful with the level-

ing, is to rebuild some structure—or, more properly, since it is obvious 

that there is lots of vertical structure—to understand what holds things 

up. What makes it that, though there are no tall mountains left, there is 

also not just liquid mud; what makes it that, at the very least, there are 

pretty substantial hills.7 We are suggesting that the answer is expertise 

and experience and that the academic study of expertise and experience 

(SEE) is one possible new role for those who take epistemology seriously. 

The leveling down has resolved the Problem of Legitimacy; the study of 

the remaining hills may resolve the Problem of Extension.

Given SEE, how can the public, with their rights to make political 

choices intact, best bolster them with wise decisions with respect to the 

purely technical part of technical judgments? In the light of our analy-

sis, the answer appears to be that, in the absence of suitable specialist 

experience, the citizen can make technical judgments only through the 

transmutation of expertise that starts with the social expertise of ubiqui-

tous and local discrimination—a matter of choosing who to believe rather 

than what to believe. Surely, one of the tasks of the social sciences is to 

help the citizen make better discriminations of this kind by revealing 

more fully the social processes of science and by explaining the kinds 

of expertises that bear directly on matters of science and technology. If 

those quasi-technical judgments open to the technically inexperienced 

citizen are to be based on social judgments, then the better the under-

standing of the social processes of science, the better the judgments are 

likely to be. Transmuted knowledge does not make the citizen a scien-

tifi c expert capable of contributing to the question of whether it is “p” or 

“not-p” that is true in any particular scientifi c debate, but it can help the 

7. The levelling of mountains metaphor is taken from page 141 of Collins and Pinch’s 

The Golem (1993/1998). The book has sometimes been hugely over-read as justifying a com-

plete levelling, even though just a couple of pages after the metaphor it is said that scientists 

must be appreciated as the best available experts in the natural world. 
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 citizen make a sensible decision about whether his or her political deci-

sion should be premised on p or not-p.

Like it or not, those who study knowledge are experts in the nature of 

knowledge. If we refuse to acknowledge any role other than criticism—if 

we are willing only to level down and never to build, explain, or evaluate 

the structure of the vertical dimension of epistemology—we are evading 

a responsibility that only we can fulfi ll. This is to bring an understanding 

of the social dimension of knowledge to bear upon the ways that knowl-

edge is used. We must, then, be ready to explain science, and explain the 

nature of expertise, to as wide an audience as possible.

We must also be ready to explain expertise and assess expertise where 

more specialized audiences are concerned. Social scientists, philosophers, 

and other experts on expertise must be not just ready but anxious to offer 

advice on the nature of experts and expertise wherever expertise is used. 

And this means more than simply pointing to the contrast between sci-

entifi c knowledge under the canonical model and scientifi c knowledge 

in its more social guise; it means more than pointing out that certain 

judgments about who the experts were can only be made with hindsight; 

it means more than pointing to the tension between the idea of expertise 

and the idea of democracy. It means working out some way of deciding 

how to use expertise even when we know it is much less sure than once 

we thought it was, even when we know it is too early to know who the 

experts really are, and even when we know that it seems undemocratic to 

select a group of experts, however wide, to whom we grant more author-

ity than we grant to the ordinary citizen. We must be ready to alleviate 

the tension between democracy and expertise by helping with the design 

of citizens’ juries and consensus conferences: helping not just by saying 

“let us bring in some citizens” but by stating what kinds of citizens with 

what backgrounds would be best and what kind and what length of expo-

sure to what sort of technical material might turn them into better repre-

sentatives of the rest.

Finally, if any of this has been convincing, we need more research on 

expertise. We need more research on interactional expertise to fi nd out 

just how much practical experience can be excluded while still attaining 

interactional expertise good enough to make sound judgments. Could 

Madeleine (chapter 3) ever become an interactional expert in gravi-

tational wave physics? One can start to answer the question by asking 

whether the congenitally blind are just as capable of passing as color per-

ceivers as those who are merely color-blind. One might even ask (and we 

and others hope to do it), whether the same areas of the brain appear 
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to be utilized by a congenitally blind person talking fl uently about the 

color red and a normally sighted person talking fl uently about the color 

red. This is not to prejudge what the answer to such an empirical ques-

tion might mean, but how can one not want to know the answer if one is 

interested in the way knowledge is embedded in language and society?

We need research of similar depth into the other categories of exper-

tise. In just what different kinds of ways would someone with primary 

source knowledge, or popular understanding of science, fail the imitation 

game test? How do trained and qualifi ed but nonspecialist scientists fail 

in comparison with untrained and unqualifi ed persons with specialist 

primary source knowledge. (We already know from chapter 4 that trained 

and qualifi ed nonspecialist physicists perform less well in imitation game 

tests than a specialist with only interactional expertise.)

How do connoisseurs compare with contributory and interactional 

experts? What exactly is referred expertise and how does it work? How 

reliable is discrimination—the transmuted expertise—and how might 

we test it for reliability? How reliable is social understanding of science 

and its context as a source of transmuted knowledge and how might we 

test it, or even improve it? Could it even be the case that where exper-

tise is especially poor at making predictions—let us say about next year’s 

weather—we should replace it with a vote? We have argued that we should 

not but, no doubt, this argument needs more study and analysis. What is 

sure is that we cannot imagine any outcome of such an analysis that says 

that the vote should play a part in determining expert weather forecast-

ers’ predictions about next year’s weather and their understanding of its 

causes, even if a vote should play a crucial role in determining policies 

that turn on predicted levels of sun and rain.8

We believe that it is the job of those sections of the social science and 

philosophy community who study knowledge to know what expertise 

is and what are its types and levels. The bulk of the book has been an 

attempt to begin to answer these questions. We have put together a candi-

date “Periodic Table of Expertises” based on the notion of socially located 

domains of tacit knowledge. The enterprise has been intended to establish 

that even in the face of the new Weltanschauung, with its distrust of sci-

ence, expertise can be identifi ed independent of its social attribution. We 

have argued and inscribed in the table that the location of the boundaries 

8. Surowiecki (2004) argues that a democratic vote about the future rate of infl ation is 

likely to be signifi cantly more accurate than the predictions of economists. His argument is 

badly in need of further study, however, currently being suspiciously anecdotal.
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of real expertise are not coextensive with the boundaries of accredited 

expertise; there are kinds of expertise that are not captured by traditional 

modes of accreditation. These boundaries include within them what have 

been misleadingly called “lay experts”—who should have been called 

“experience-based experts.” They also include interactional experts—

those who are expert in the language of a specialist domain if not in its 

practices. Since most decisions even within science are made through the 

medium of interactional expertise, it must be counted as a high level of 

expertise when it comes to decision-making. These high level expertises 

do not exhaust the domain of technical decision-making—there are lower 

level expertises that bear upon it too. How these should be balanced in 

any decision is a matter for further analysis and research. The crucial thing 

is that this further analysis and research treat expertise as real. Only this 

way can the social sciences and philosophy contribute something positive 

to the resolution of the dilemmas that face us here and now.



A P P E N D I X

Waves of Science Studies

In “The Third Wave of Science Studies: Studies of Expertise and Experi-

ence,” a much discussed, some would say “notorious,” paper published 

in 2002, the authors used the device, “three waves of science studies,” to 

capture the state of the discipline. Very roughly, the fi rst wave was that in 

which the problem for disciplines that study science from the outside was 

to explain science’s success and to work out how to maintain the condi-

tions for its success. Under this wave it would have seemed odd to ask 

whether science was successful—following the contribution of science 

and technology to the Second World War, the success of science was a 

premise. Under Wave One, authority in matters of science and technol-

ogy naturally fl owed from the top down, with the scientists and tech-

nologists at the top.

The second wave began in the 1960s (though it had notable precur-

sors).1 With hindsight it can be seen as a reaction to the fi rst wave. Scien-

tifi c and technological knowledge were now more likely to be described 

as “social constructions,” and the grounds for their epistemological pri-

ority were questioned and swept away. Relational theories of knowledge 

held sway. The authors of this book made signifi cant contributions to this 

second wave.

Studies of Expertise and Experience, the main topic of this book, were 

described in the 2002 paper as a third wave of science studies. The sec-

ond wave had proved a fertile ground for the promulgation of the folk 

wisdom view, and the authors felt it important to challenge it with a non-

relational analysis of expertise. The paper called for a realist treatment of 

expertise that would provide for a more systematic analysis of normative 

1. Especially Fleck 1935/1979.
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judgments about who had expertise and who had not. Recognizing the 

many contributions to science policy to which the second wave had given 

rise, the paper called for social scientists who studied science to start 

making their own judgments about expertise from upstream rather than 

merely studying others’ attribution of expertise from downstream. It was 

recognized that all judgments were fallible, so this would mean exposure 

to new kinds of intellectual risk, but it was argued this should not to lead 

to paralysis. Fallibility does not lead to paralysis in the natural sciences, 

and it certainly does not lead to paralysis in politics, so it should not lead 

to risk avoidance in science studies. The claim was made that, although 

their judgments would be fallible, those who studied expertise “knew 

what they were talking about” in matters of expertise and had a major 

responsibility to use their expertise about expertise. We now summarize 

the differences between what we called Wave Three and the other two 

Waves of science studies.

Differences between Wave Three and Wave Two

1.  Upstream not downstream: The aim of Wave Three is to change the world 

not just observe it.

2.  Insecurity: As a consequence of being upstream, the claims made under 

Wave Three will be less secure than the claims made under Wave Two, just 

as science is less secure than skeptical philosophy.

3.  Categorization: Both 1 and 2 imply that the analyst’s refl ex under Wave 

Three will be to construct categories rather than dissolve the boundaries 

between them.

4.  What is celebrated: Under Wave Two what was celebrated and exploited was 

scientifi c uncertainty: scientifi c problems were turned into sociological 

resources. Under Wave Three scientifi c uncertainty is not a resource but 

gives rise to the question about how to act in the face of its inevitability.

Differences between Wave Three and Wave One

NB: Many of these are also differences between Wave Two and Wave One.

1.  The fi fty year rule: Scientifi c disputes take a long time to reach consensus, 

and thus there is not much scientifi c consensus about.

2.  The velocity rule: Because of the fi fty year rule, the speed of political 

decision-making is usually faster than the speed of scientifi c consensus 

formation, and thus science can play only a limited part in technological 

decision-making in the public domain.
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3.  Uncertainty: Even if the velocity rule does not hold and there is consensus 

among the scientifi c community, science is imprecise enough to make it 

likely that, under conditions of dispute, residual uncertainties will allow 

it to be “deconstructed” and disqualifi ed from giving a fi rm guide for 

policy.

4.  Intrinsic not extrinsic politics: All scientifi c decisions are intrinsically politi-

cal, and that is another reason why they cannot form an unproblematic 

basis for political decision-making even when there is scientifi c consen-

sus. Nevertheless, this does not mean that politics should be extrinsic to 

science.

5.  Punditry: Scientists cannot speak with much authority at all outside their 

narrow fi eld of specialization.

6.  Experience: The major ground for judging expertise is experience, and it 

widens the base of expert decision-making beyond science and technol-

ogy professionals.

7.  Fundamentalism: Though scientifi c thinking is central to our form of life, it 

cannot form a basis for judging other kinds of thought such as religious, 

artistic, or romantic thought; scientists are to be treated not as authorities 

but as experts—plumbers not priests.

8.  Framing: Because of all of the above, a technological decision in the public 

domain should never be framed entirely as a technical, or propositional, 

problem. Nonscientifi c preferences will always enter the decision to a 

greater or lesser degree.
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