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Congratulations to Steve Fuller! After this book, the 
public's understanding of science (and the scientists' 
too) will never be the same again. He combines 
philosophical acuity, sociological insight and 
historical depth, and then tells his story in a sparkling 
prose. Like any other ageing institution, science must 
learn to become self-aware if it is to adapt and survive; 
and so Steve Fuller is actually science's best friend. 

Jerome Ravetz (author of 
Scientific Knowledge and Its Social Problems) 

What qualifies such seemingly disparate disciplines as 
paleontology, high-energy physics, industrial chemistry 
and genetic engineering as 'sciences', and hence worthy 
of sustained public interest and•support? In this innovative 
and controversial introduction to the social character of 
scientific knowledge, Steve Fuller argues that if these • 
disciplines share anything at all, it is more likely to be the 
way they strategically misinterpret their own history than 
any privileged access to the nature of reality. The book 
features a report written in the persona of a Martian 
anthropologist who systematically compares religious and 
scientific institutions on earth, only to find that science 
does not necessarily live up to its own ideals of rationality. 
In addition, Fuller highlights science's multicultural nature 
through a discussion of episodes in which the West's own 
understanding of science has been decisively affected by its 
encounters with Islam and Javan. An important theme of 
the book is that science's most attractive feature — its 
openness to criticism — is threatened by the role it increasingly 
plays in the maintenance of social and economic order. 

Steve Fuller is Professor of Sociology and Social Policy at 
the University of Durham. He is the founding editor of the 
journal Social Epistemology and the author of three 
previous books: Social Epistemology (1988), Philosophy of 
Science and Its Discontents (2nd ed., 1993) and Philosophy, 
Rhetoric and the End of Knowledge (1993). 
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Preface 

It is testimony to Justin Vaughan's publishing skills that, after a 
brief conversation in Durham in December 1995, he convinced me 
to add this book to my overburdened writing schedule. If the reader 
comes away thinking that the idea and institution of 'science' go to 
the very heart of what the social sciences are about, then it will have 
served its purpose. In composing the book I have substantially 
reworked material that first appeared as part of articles in the 
following journals: Futures, History of Human Sciences, Interdisci-
plinary Science Reviews, Journal of Mind and Behavior, Science in 
Context, Social Studies of Science, Social Text, and Theory, Culture 
and Society. I thank the editors for allowing me to develop my fre-
quently outrageous ideas in their esteemed forums. In recent years 
my thinking about these matters has been animated by the research 
and debates surrounding multicultural knowledge. I have been 
aided by the writings and speakings of Ahmed Bouzid, Mammo 
Muchie, Zia Sardar and — most recently — Dhruv Raina. Related to 
this strand is my long-standing interest in world-systems theory, 
prompted by a free journal exchange between Immanuel Waller-
stein's Review and my own Social Epistemology. In the summer of 
1996, Mitch Allen helped to crystallize my thoughts on this corpus 
by giving me the opportunity to preview what promises to be Andre 
Gunder Frank's magnum opus, which in turn led to a fruitful elec-
tronic correspondence with Frank about the role of science and 
technology in Europe's recent global ascent. On matters more 
straightforwardly related to the history of science, I have benefited 
from the wisdom of Lewis Pyenson and Skuli Sigurdsson. Since 
moving to the United Kingdom in 1994, I have become involved in 
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issues relating to the 'public understanding of science' and science 
education more generally. My former students Jim Collier, Kirk 
Junker and Joan Leach have moved me increasingly in this direc-
tion. Before I forget, I must thank my fellow 'Science Warriors', 
Andrew Ross, Paul Gross, Norman Levitt, Bill Keith, John Angus 
Campbell, Harry Collins, Adrian Melott, Phil Baringer, Steven 
Weinberg, Lewis Wolpert and even that consummate hoaxer Alan 
Sokal — all of whom, despite their very considerable differences of 
opinion, take the future of science sufficiently seriously to be taken 
seriously themselves. Needless to say, in this book I hardly expect 
to have satisfied all the wishes and expectations of such a diverse 
group of influences. But luckily I know someone who is very toler-
ant of contradictions: Sujatha Raman, my favourite dialectician and 
virtual coauthor, to whom this book is dedicated. 

Steve Fuller 
Durham, 1997 

1 
The Public 

Understanding of 
Science: Our Latest 

Moral Panic 

For the past few years, the ides of March in Britain have marked the 
beginning of a spring ritual known as 'Science Week'. First, a flurry 
of surveys are conducted to find out what the 'average person' — an 
unsuspecting weekend shopper in a London suburb — thinks about 
science. The results, usually a source of horror for readers of the 
national broadsheet newspapers, are then used to kick off a steady 
stream of public lectures, experimental demonstrations, and 
museum exhibits, all designed to promote the cause of 'Science' in 
the barnstorming style that was popular in the nineteenth century. 
The official government reason for holding Science Week is that 
student enrolments in natural science courses (including teacher 
training courses) have been dropping steadily over the past decade, 
a trend that is thought to be somehow related to the perceived 
decline of British technological innovation and industrial produc-
tivity. 

Much of the hoopla surrounding Science Week has the feel of 
moral panic; a breakdown in social order, the nature of which is 
neither understood nor controlled by those in charge. The tempta-
tion, then, is to scapegoat a relatively defenceless group who 
somehow can be made to symbolize the crisis. Thus, primary and 
secondary school science teachers with degrees in education rather 
than in one of the natural sciences are often made scapegoats for 
not sparking the spirit of enquiry in the classroom. Occasionally 
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someone will observe that the decline in enrolments may not be 
such a bad idea, given that students in the natural sciences are now 
just as unlikely to find work related to their field as students in the 
humanities and social sciences. Nevertheless, defenders of Science 
Week maintain that the malaise runs deeper. Surveys show that 
people have only the vaguest idea of what 'science' or 'the scien-
tific method' is supposed to be. For example, only one in seven 
respondents mention 'theory construction' or 'hypothesis testing' 
as part of the scientific method.' Moreover, the public cannot 
fathom what makes such seemingly disparate disciplines as 
palaeontology, high-energy physics, industrial chemistry, and 
genetic engineering equally 'scientific', and hence worthy of their 
sustained interest and support. When it comes to specific research 
projects, the public seems benign towards inexpensive research that 
is unlikely to interfere with their daily lives but insists on the 
accountability of any research that is likely to result in a substan-
tial change of lifestyle. In the latter case, the public seems to have 
a much more vivid sense of what might constitute such research 
than scientists themselves normally do. 

Does the public understanding of science, as characterized 
above, constitute a genuine state of crisis, or has the scientific com-
munity itself misunderstood something significant about the social 
conditions that enable its continued existence? An important 
lesson of this book is that the latter is the case, and that the public's 
instinctive response to science is fundamentally sound and hence 
merits further exploration. There is no 'scientific method', unless 
one means the attempt to use one successful form of inquiry as the 
model for them all. Even then, 'success' is a concept fraught with 
difficulties, involving a rather complicated relationship between 
science and its history. As to why all the disciplines of the natural 
sciences have come to be regarded as 'sciences', the answer is to be 
found more in how these fields came to be institutionalized than in 
anything that these fields' practices might have in common. Indeed, 
the identity of science has become so unstable in the contemporary 
world that it makes sense to ask whether knowledge production (as 
opposed to sublimated politics or subsidized employment) is the 
primary social function of such highly publicized pieces of scientific 
research as the Human Genome Project, the (ill-fated) Supercon-
ducting Supercollider and the Hubble Space Telescope. Moreover, 
not only can this question be asked, it already has been — especially 
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by policymakers who ask, of science, cui bono? Who should be 
doing what, in what setting, to what end(s), for whose benefit and 
at what cost to whom? This series of questions constitutes the nor-
mative dimension of scientific enterprise. The systematic attempt to 
address them is called social epistemology? In response to these 
questions, the following arguments have become increasingly con-
spicuous in recent years: 

1 If scientific knowledge is indeed a .`public good', then the govern-
ment needs to scrutinize both the rate and the distribution of 
return on the public's investment in science. 

2 If scientific knowledge is not a public good, then special interest 
groups should invest in the sorts of inquiries that are most likely 
to serve their respective constituencies. This will involve con-
siderations of both the process by which knowledge is produced 
and the products themselves. In addition, raising the support 
needed to produce a favoured form of knowledge may require 
expanding the base of the constituency through proselytizing and 
marketing. 

3 There is no reason why the devolution of labour in our 'post-
industrial society' from tenured, salaried employment to more 
temporary piecework should not equally apply to intellectual 
pursuits. In fact, historically speaking, it is by no means clear that 
those who pursue continuous academic careers turn out to be the 
most significant knowledge producers. 

4 The increase in disciplinary specialization over the course 'of the 
twentieth century has had more to do with the ability of uni-
versities and other academic institutions to insulate themselves 
from political and economic pressures than to an internal trajec-
tory of 'growth through functional differentiation' of the know-
ledge base. If anything, academic guild barriers prove to hinder 
rather than help in addressing persistent social and economic 
problems that require the coordination of different expertise. 

These arguments share an interesting characteristic. If we use 
epistemic to mean that the pursuit of inquiry or production of 
knowledge is a distinct and privileged enterprise, the arguments are 
post-epistemic.3  They refuse to confer any special privilege on 
knowledge production or inquiry as a social practice: whatever nor-
mative strictures apply to social practices in general, they apply 
specifically to scientific practices as well. Thus, instead of a norm 
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traditionally associated with the pursuit of knowledge, such as 
`maximize the number of true beliefs while minimizing the number 
of false ones', the four arguments contain implicit appeals to nor-
mative standards that are more familiar from other spheres of 
social life. Thus, we find imperatives to maximize, respectively: 1 
benefit-to-cost ratio; 2 relevance; 3 productivity; and 4 adaptability. 

Since the reader may already begin to feel the ground slipping 
beneath them, let me explain the philosophical and sociological 
orientations that inform this book. Philosophically, I propose that 
we think of science in the same spirit as we normally think of 
democracy. Sociologically, I propose that we think about science 
from the standpoint of an outsider. Let me briefly justify each pro-
posal before proceeding any further. 

There is general agreement among students of politics that 
democracy is a vexed concept whose history is more a series of fits 
and starts than a continuous upward trajectory. While it is easy to 
imagine democracy thriving in relatively small homogeneous com-
munities where political accountability is a matter of personal 
honour, it is much harder to envisage this idea translated into large, 
complex, heterogeneous societies. Thus, political theorists rou-
tinely query whether it makes sense to speak of 'democracy' once 
public participation is limited to the selection of representatives 
who, among themselves, legislate for the entire polity.4  That con-
cerns about the feasibility of democracy should inform an account 
of science is not as far-fetched as it first sounds, since most demo-
cratic theorists in the Western tradition — the American founding 
fathers, John Stuart Mill, John Dewey, Karl Popper and Jurgen 
Habermas immediately come to mind — have regarded the form of 
critical inquiry that characterizes science as the model of the ideal 
polity. The only problem — and it is a big one — is whether the model 
is limited to an elite whose internal divisions mirror the interests in 
society at large or whether the model cars be extended to include 
everyone's direct participation. 

The problem becomes more pressing as society becomes larger 
and more complex. However, we can identify two general solution 
strategies, Little Democracy and Big Democracy, which approxi-
mate the views of Jean-Jacques Rousseau (1712-78) and John 
Stuart Mill (1806-73), respectively. A good way of thinking about 
the difference between these two strategies is in terms of two ques-
tions. What is the image of social order appropriate to democracy,  
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Political style Ends Means 

Little Democracy Participatory Consensus Devolution 
Big Democracy Representative Open-mindedness Interaction 

Figure 1.1 Little Democracy and Big Democracy. 

and how is this image best realized in an expanding society? 
Answers to these two questions — about, respectively, the ends and 
means of democracy — are displayed in Figure 1.1. 

The main virtue of Little Democracy is that its members hold a 
sufficient number of beliefs and values in common to agree on 
courses of action, the consequences of which they are willing to col-
lectively bear and learn from. Accordingly, when the size of the 
polity exceeds its ability to secure such a consensus, the Little 
Democrat believes that it should be devolved into smaller units 
within which the relevant background commitments can be 
secured. In contrast, order in Big Democracy is a dialectic of coun-
tervailing interests, which do not pretend to be aiming at a course 
of action that will suit everyone optimally. However, focused inter-
action promises to temper natural differences of perspective, as the 
various interested parties learn to scrutinize each other's claims and 
advance claims of their own that can sustain scrutiny. Whereas the 
Little Democrat worries that lack of consensus would undermine 
the solidarity needed for effective collective action, the Big Demo-
crat worries that lack of open-mindedness would lead to the sort of 
authoritarian `groupthink' that has historically led oppressed 
minorities to revolt. Thus, instinctively, Little Democrats are com-
munists and Big Democrats liberals. 

In contemporary philosophy of science, the rationales behind 
Little Democracy and Big Democracy resemble the famous debate 
between Thomas Kuhn (1922-96) and Karl Popper (1902-94) at the 
London School of Economics in 1965 over whether science was 
more a 'closed' or an `open' society.5  However, as this book endeav-
ours to show, strict analogies between Little Democracy and 
Kuhnian paradigms, on the one hand, and between Big Democracy 
and Popperian critical rationalism, on the other, are misleading, 
once we consider not only the constitution of science as a polity, but 
science's relationship to the larger polity. Here we find a further 
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polarization of the two models of democracy, as communism shades 
into totalitarianism, while liberalism veers towards libertarianism. 

Because what we are talking about is called 'science' rather than, 
say, 'ideology', these political terms may sound a bit strong. Never-
theless, the social processes that they presuppose are largely the 
same. Thus, Kuhn's Little Democracy image of science has been 
historically aligned with a view that once scientists agree on a par-
adigm to serve as the basis for further inquiry, the paradigm should 
be presented to the larger society as self-contained expertise to 
which the public should defer on relevant occasions (if they are 
incapable of directly acquiring the expertise). In this way, scientists 
kill two birds with one stone: they retain their autonomy by dis-
playing their authority. We shall identify this move as the calling 
card of the Positivist interpretation of science.6  In contrast, 
Popper's Big Democracy image of science is more closely associ-
ated with the view that what scientists take to be 'knowledge' is 
only a waystation in the path of inquiry, and hence one should 
expect that epistemic agreements reached by scientific elites will be 
modified and perhaps even resisted to suit the needs and experi-
ences of specific communities. However strong the potential for 
knowledge to become fragmented under such circumstances, it 
must nevertheless be granted that when non-elite knowers alter the 
knowledge handed down by the scientific elites, they are simply 
applying to their own cases the spirit of critical inquiry that had 
enabled the elites to break away from traditional modes of thought 
in the first place. This is the mark of the Enlightenment interpre-
tation of science. It breaks down the hierarchical relationships 
between 'basic' and 'applied' science, not to mention the relative 
contributions that 'research' and 'teaching' make to knowledge 
production in society. 

Of course, the historical Enlightenment fell far short of this truly 
democratic ideal. After all, Voltaire (1694-1778) and Denis 
Diderot (1713-84) never found it necessary to distinguish between 
whether they wanted people to simply respect or actually become 
scientists, since mere respect for science sufficed to ensure that the 
emerging middle class of eighteenth century France bought sub-
scriptions to their great collective project, L'Encyclopeclie. Never-
theless, the Enlightenment at its best — as when Diderot explored 
the dynamic features of nature that escaped the grasp of Newton-
ian mechanics — exemplified what Immanuel Kant (1724-1804) saw  
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as the movement's 'dare to know' spirit.7  This spirit is eminently 
worth preserving and cultivating, but is today on the verge of 
extinction. The reason for this unfortunate turn of events (or at 
least the one presupposed in these pages) is a version of the thesis 
that Joseph Schumpeter (1883-1950) proposed for the slow but 
inevitable death of capitalism.8  According to Schumpeter, the 
lifeblood of capitalism is entrepreneurship, that is, people who seek 
to 'creatively destroy' the market with technological innovations 
that displace existing relations between producers and consumers. 
These shocks to the economic system are registered as business 
cycles, which as capitalism expands become increasingly costly not 
only to the firms that are disadvantaged by a successful innovator 
but also to the state, which must provide for the welfare of the 
people whose livelihoods are displaced by a new fluctuation in the 
market. Consequently, both government and business have an 
interest in containing innovation within certain bounds in order to 
stabilize the market. This inevitably leads to a planned economy 
that removes the element of risk that nurtures the entrepreneurial 
spirit. Schumpeter's core insight was thus to reverse the gestalt of 
innovation, so as to emphasize its costs (how much and to whom?) 
rather than its benefits, and to argue that it is the costs, and not the 
benefits, that in the end determine society's tolerance for inno-
vation. In this book, the reader is encouraged to explore the impli-
cations of the Schumpeterian scenario, when the relevant 
innovations are in science rather than technology; it is the con-
structively critical inquirer, instead of the creatively destructive 
entrepreneur, who is threatened with extinction in the ever expand-
ing world of 'Big Science'. 

To explain the sociological orientation of this book — that of the 
outsider looking in on science — let me first review the spirit in 
which the past two decades of work in the sociology of science has 
been conducted. During this time, the calling card of field prac-
titioners has been an empiricist rhetoric that claims to open the 
doors of those scientific sanctuaries, the laboratories, and invites 
intelligent readers to judge for themselves what they observe.9  This 
rhetoric invokes democratic and scientific themes simultaneously; 
everyone can be their own 'scientist of science' by exercising a level 
of perceptual acuity that is evenly distributed across the population. 
And what is it that one sees in those hallowed halls of science? As 
it turns out, one does not see the sordid dealings associated with the 
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recent cases of fraud in the world of biological science. On the con-
trary, 'science in action' is much more ordinary than its levels of 
material and spiritual support in our society would suggest. The 
public's understanding of science, as described at the start of this 
chapter, instinctively captures this sentiment, and recent sociology 
of science has tried to articulate it by showing that science can be 
understood using the concepts that social scientists normally use to 
understand the rest of society. Sociologists are thus routinely faced 
with the methodological irony that because we normally think 
about science as different from the rest of society, in order to think 
about science as a normal social activity we need to become 
estranged from our normal attitude towards it. 

But perhaps even more ironic is that the sociologist's ability to 
get behind the scenes of the laboratory is primarily a literary one, 
and specifically a competence in the rhetoric of 'virtual witnessing', 
in Steven Shapin's phrase. It relies on readers to trust the sociolo-
gist's veracity to roughly the same degree as they would normally 
trust scientists' accounts of their work. The result has been to 
disrupt the usual image of science as a monolith of rationality. Even 
readers who doubt sociology's ability to provide a definitive answer 
to the nature of science typically come away from a sociological 
study more open-minded about what science might be. From the 
perspective of social epistemology, that is half the battle won, since 
the ability to entertain alternative visions of science is a prerequi-
site to any serious public discussion of the social disposition of 
science. All too often, it seems, the public is given only one set of 
lenses with which to observe contemporary science: the rose-
coloured spectacles of science's long and progressive past. The 
obvious dissimilarities between, say, an Ancient Greek poem on 
the nature of things and a $10,000,000,000 particle accelerator is 
papered over by the appearance of a 'common quest' in which the 
former somehow culminates in the latter. Even Kuhn's very influ-
ential Structure of Scientific Revolutions (1970), a work avowedly 
attuned to the social character of science, continues to leave some-
thing of the same impression, as the relatively autonomous cycle of 
paradigms and revolutions obscures any sense of how science 
changes in response to developments in politics, industry, religion, 
or any other institution. An important aim of this book, then, is to 
show how an enriched understanding of the history of science — one 
that takes in the perspectives other cultures and even (in Chapter  
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4) another planet — can help us to construct a public understanding 
of science with which we can live, or at least get to grips. 

There are two rather different ways of conceptualizing the sort 
of open-mindedness towards science that sociological inquiry can 
provide.10  Let us call the first the inside out perspective, since its 
rhetoric is that of the sociologist spreading the good news of what 
she has found in the laboratory. Probably the one favoured by most 
sociologists of science, its philosophical inspiration is drawn from 
Ludwig Wittgenstein (1889-1951). The idea is that if people 
accepted science for what it is rather than for what it cannot be — 
namely, the elixir of all social ills — then both scientists and the 
public would behave much more sanely towards each other. Once 
we get past the laboratory doors, we find that a scientist is simply 
someone trained to do certain useful things in certain places and 
committed to seeing the world in certain useful ways, just like any 
other professional. It is in this sense that scientists deserve to be 
accorded respect. Scientists themselves have been the quickest to 
pick up on the main problem with this image of scientist as citizen.11  
It implies that science has been oversold, which opens the door to 
funding cuts and other disruptions to scientists' livelihoods. 

The second view, one more closely aligned with the Marxist tra-
dition in the sociology of knowledge, focuses on the dialectical 
relationship between what scientists do and what they (and others) 
say they do. This perspective starts by agreeing with the scientists 
that simply revealing the ordinary nature of scientists' work does 
little more than add to the mystery of science's exalted social stand-
ing. However, it parts company with the scientists over what is 
missing. Let us call this perspective outside in because of the role it 
assigns to non-scientists12  in authorizing scientific knowledge. Put 
somewhat crudely, the day non-scientists stop believing that science 
makes reference to a reality outside the laboratory, science will 
devolve into a marginal social practice that is part sport, part ritual. 
We often forget that we are always making judgements about the 
validity and relevance of scientific knowledge, even though very 
few of us have any deep understanding of what it is that we are 
passing judgement on.13  Although this citizen-as-scientist perspec-
tive is not an especially pretty epistemological vantage point, it is 
nevertheless the one that is more consonant with the ideal of demo-
cratic accountability for science.14  

My own sympathies lie with the second perspective, mainly 
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because I believe that most of what non-scientists need to know in 
order to make informed public judgements about science fall under 
the rubric of history, philosophy, and sociology of science, rather 
than the technical content of scientific subjects. In that spirit, 
Chapter 2 reflects on the characteristics that tend to distinguish the 
natural sciences from the social sciences. These include different 
attitudes towards criticism, history, and language. Chapter 3 con-
siders the conceptual histories of 'science', 'scientific', and 'scien-
tist' by looking at the social relations in which the use of these 
words have been embedded. In Chapter 4, we confront the ultimate 
outsider perspective, with a team of Martian anthropologists who 
hit upon the idea of applying categories from the sociology of 
religion to understand the attitudes and practices surrounding that 
`quasi-fictional entity', science. Their recently discovered report 
also contains appendices that put perverse spins on the most 
famous sociological account of scientific norms and the Science 
Citation Index. Chapter 5 provides a theoretical discussion of 
alternative historical perspectives on science, contrasting histories 
that stress its inevitable onward march and those that make key 
developments appear more like accidents whose consequences may 
have been overrated. We begin to see clearly the interrelationship 
between the history of science and that of religion, politics, and the 
economy. In Chapter 6, we consider, specifically, the ways in which 
Islam and Japan provide alternative outsider perspectives on the 
sense and import of science's 'autonomy' from the rest of Western 
society. Islam has consistently stressed the recklessness of Western 
science as born of a lack of value-direction, and Japan's early 
encounters with modern science offer, in both word and deed, a cri-
tique of the superstitious nature of the West's beliefs about its own 
history. Finally, Chapter 7 considers the dismal prospect that 
science's increasing involvement with the material basis of society 
is sapping its spirit of critical inquiry and perhaps even presaging 
the dawn of a new 'Oriental Despotism' administered by high-tech, 
subcontracted knowledge workers. 

Notes 

1 These results were originally published in Nature (Durant et al. 1989), 
following a survey of over 2000 Britons on their views of science. A  

good cross-cultural cross-section of research in this area is Lewenstein 
(1992). Also see the quarterly journal, Public Understanding of Science. 

2 See especially Fuller (1988, 1993a, b). My own brand of social episte-
mology locates the normative metatheory of scientific knowledge in 
politics and ethics, not epistemology as it is predominately practised in 
analytic philosophy. Alternative philosophical approaches to social 
epistemology are critiqued in Fuller (1996b). 

3 I have discussed the 'post-epistemic attitude' in Fuller (1994a, b). It is 
also a theme running through Fuller (1993b). Much of my thinking 
along these lines is indebted to Ravetz's (1971) conception of 'post-
normal' science, in which inquiry is driven by concerns extraneous to 
what Kuhn (1970) called 'the logic of puzzle-solving'. Ravetz's book is 
a classic of 1960s-inspired 'critical science', which mobilized the history, 
philosophy and sociology of science to challenge science's involvement 
in the 'military—industrial complex'. 

4 Dahl (1989). 
5 The debate appears in Lakatos & Musgrave (1970). 
6 It has become a truism in the philosophy of science to speak of Kuhn as 

having deposed the Positivist image of inquiry. Unfortunately, neither 
Kuhn nor the Positivists saw matters this way, which is why Kuhn (1970) 
was published as the final instalment of the International Encyclopedia 
of Unified Science. See Fuller (1998) for a full excavation and systematic 
critique of Kuhn. 

7 On the context and implications of Kant's injunction, see Schmidt 
(1996: 58-64). 

8 Schumpeter (1945). 
9 Latour and Woolgar (1986) exemplifies this genre. 

10 The following contrast corresponds, respectively, to the deep/shallow 
science distinction developed in Fuller (1993b: 11-16). 

11 A recent popularization in this vein that has stirred considerable public 
controversy is Collins and Pinch (1993). 

12 Non-scientist' means here anyone who is not competent in the specific 
science in question. In other words, if quantum mechanics is the topic 
of dicussion, an evolutionary biologist (along with every other non-
specialist) counts as a 'non-scientist'. It would be interesting to conduct 
a 'public understanding of science' survey on the depth of scientific 
understanding that scientists have of areas outside their specialties — to 
see how much better it is than that of the 'lay' public. 

13 If this point does not strike the reader as immediately obvious, consider 
the following activities: scanning cereal boxes for their nutritional con-
tent, second-guessing one's physician about whether to take the assigned 
dosage of medicine, inspecting the engine of an automobile, etc. 

14 Taylor (1996) is a good textbook in this approach. 
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2 

The Sociological 
Peculiarity of the 
Natural Sciences 

When people talk about 'the scientific method', they usually mean 
a procedure whose natural home is classical mechanics, the branch 
of physics that came of age 300 years ago in the work of Isaac 
Newton (1642-1727). It purports to explain the movement of 
visible objects over a certain space in a given time, not only on 
Earth but throughout the entire known universe. Although Newton 
himself might contest the exact description, his method supposedly 
proceeded by hypothesizing a bold generalization that aspired to 
the status of 'natural law', on the basis of which one could predict 
that certain things would happen on certain occasions. One would 
then set up an 'experiment' to test the prediction. Originally, an 
experiment was conceived primarily in terms of treating nature as a 
laboratory, but later the roles were reversed, so that nowadays the 
laboratory is treated as a surrogate for nature. We can get a sense 
of the pervasiveness of this 'Newtonian' style of thinking by observ-
ing that as late as the first half of the twentieth century, primary and 
secondary school teachers in the USA were routinely taught about 
the scientific method from a small book by the great pragmatist 
philosopher, John Dewey (1859-1952), under the presumptuous 
title, How We Think (1908). Here a common-sense problem such as 
explaining the movement of soap bubbles in a newly washed glass 
tumbler was treated as a watered-down version of an exercise from 
a classical mechanics textbook.' 

To be sure, scientists themselves — usually non-physicists — have 
decried this account of the scientific method as a caricature. One  

such scientist is Stephen Jay Gould, a Harvard palaeontologist who 
is in the top echelon of science popularizers writing in the English 
language today.2  His spiritual ancestor is not Newton, but that other 
great scientific icon, Charles Darwin (1809-82), the founder of 
modern evolutionary theory. If the formidable mathematical appar-
atus of Newton's work delineated the Creator's steady hand, 
Darwin's stylish English prose lured the Victorian reader into 
accepting nature's order as the product of a series of glorified acci-
dents that left the existence of the Creator completely open. 
Whereas in classical mechanics 'history' is something that can be 
predicted, knowing only the laws of physics and the state of the uni-
verse at a point prior to the predicted event, in evolutionary theory 
one cannot determine the range of possible futures without knowing 
everything that had happened prior to the event in question. 

Gould's objection points to a salient fact about the fields that are 
encompassed by the 'natural sciences'. They actually have rather 
little in common, at least if we judge these matters by what people 
who call themselves 'scientists' do for a living. An experimental 
physicist works in the highly controlled setting of a laboratory that 
is designed to filter out the idiosyncrasies of the everyday world, 
and an evolutionary biologist examines organisms fossilized in 
rocks or living in their native habitats, in either case careful not to 
ignore the distinctive features of organic existence. Indeed, there 
seems to be nothing 'natural' about grouping physicists and biolo-
gists under the general rubric of 'natural science', at least when 
compared with the similarity and overlap of interests displayed 
among the fields we normally associate with the 'social sciences', 
such as psychology, economics, political science, and sociology. 
This point was not lost on the first modern epistemologists: philo-
sophical theorists of knowledge who wrote at the turn of the twen-
tieth century in Germany, the nation whose university system was 
the first to officially recognize disciplinary specialization as an irre-
versible fact of academic life. Although these philosophers —
Wilhelm Dilthey (1833-1911), Wilhelm Windelband (1848-1915), 
and Heinrich Rickert (1863-1936) — are now largely known only to 
other specialists, their combined wisdom comes in handy at this 
point. They tried to meet the challenge posed by John Stuart Mill 
in A System of Logic (1843), namely, that any difference in style 
between Newtonian mechanics and other fields of inquiry was 
simply a sign of the latter's epistemic immaturity. Once biology, say, 
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or, for that matter, sociology became a full-fledged science, it would 
sport general laws just like physics. 

An extreme claim of this sort invites extreme responses, and 
hence many humanists and social scientists have come to embrace 
Windelband's position that the search for general laws applies only 
to the natural sciences because the things they study do not vary 
over time and space. Unfortunately, Windelband does little to help 
the likes of Gould and other post-Darwinian naturalists, who 
believe that history is an essential feature of their disciplines. For 
his part, Dilthey drew on the largely negative definition of nature 
as 'raw material' or 'inert matter' that had been advanced by the 
idealist tradition in German philosophy. Accordingly, 'nature' was 
simply that which resists the striving of the human spirit: something 
whose workings can only be known 'from the outside' for purposes 
of human prediction and control. This metaphysical sensibility, in 
turn, explained the traditional connection between the natural sci-
ences and purely instrumental, or technological, conceptions of 
knowledge. In any case, the natural sciences did not permit the sort 
of understanding that can be gained by getting under someone's 
skin. Dilthey grounded this special capacity of `understanding' in 
the biological unity of the human species. 

Finally, Rickert pushed Dilthey's train of thought still further, 
arguing that the only real difference between the sciences lay not 
in what they studied, but in the value-orientation of the scientist. In 
that sense, anything could be studied as a natural or, in Rickert's 
terms, 'cultural' science, depending on whether the categories used 
by the scientist were ones that could be used by the entities under 
study to promote their own ends. Thus, much the same evidence 
about the human condition can be organized into two radically 
different sorts of sciences. One would look like cultural anthro-
pology in using categories that operate at the level at which people 
give meaning to their lives and the other more like sociobiology, 
which appeals to genetic and ecological factors that are typically 
outside people's ordinary sphere of consciousness. However, 
Rickert did not stop to consider that as a `scientific' mentality 
seeped into everyday life, people might incorporate genetic and 
ecological considerations into their ordinary understanding. 
Indeed, Rickert's most famous doctoral student, the great existen-
tialist philosopher Martin Heidegger (1889-1976), did his best to 
make such seepage appear alien to the human spirit. 
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Interestingly, this gradual philosophical recognition of the 
internal diversity of science has not thrown the natural sciences into 
the sort of interdisciplinary strife that is a matter of course in the 
social sciences. We can examine this matter from various angles, 
which together give us a glimpse into the sociological peculiarity of 
the natural sciences. 

First, it is important to recognize that natural scientists have peri-
odically made concerted efforts at resolving their disagreements 
over the aims and methods of their inquiries, at least to the satis-
faction of most of the practitioners concerned. There is no clearer 
case in point than the unification of biology in the 1930s under 
the so-called neo-Darwinian synthesis, which linked the fortunes 
of experimental geneticists, who were wedded to a Newtonian 
methodology, to that of palaeontologists, who regarded themselves 
as the rightful heirs of nineteenth century natural historians such as 
Darwin. The key works here were Theodosius Dobzhansky's 
Genetics and the Origin of Species (1937) and George Gaylord 
Simpson's Tempo and Mode in Evolution (1944). Notwithstanding 
the title of his magnum opus, The Origin of Species by Means of 
Natural Selection (1859), Darwin himself had little that was intelli-
gible to say about the genetic mechanisms responsible for the origin 
of new species, and hence hard-headed geneticists were inclined to 
write off evolution as woolly minded speculation. Moreover, by the 
first decades of the the twentieth century, Darwin's biggest sup-
porters, his fellow natural historians, had come to be seen as the 
least professional of the life scientists, since their journals still pub-
lished anecdotalist amateurs, who contributed little to the theor-
etical development of the field. Nevertheless, in a remarkable feat 
of scientific magnanimity, Dobzhansky, a population geneticist, 
initiated the synthesis by suppressing these clear methodological 
differences to show that natural historians provided evidence that 
was indeed relevant to the confirmation of genetic theories.3  
Simpson, a palaeontologist, used the time-honoured strategy of the 
`just-so-story' to explain the adaptation of organisms to their 
environments, showing how the claims of geneticists and palaeon-
tologists may plausibly reinforce each other without ever actually 
putting his hypothesis to the test.4  

The contrast with the social sciences here could not be more 
striking. Psychology, perhaps, presents the most heroic case of 
failure to reconcile the interests of its practitioners working in 
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`artificial' and 'natural' settings, given that the field's leading 
methodologist in recent times, Donald Campbell (1916-96), had 
in principle effected such a reconciliation in his formulation of 
`quasi-experimental' methods designed to approximate laboratory 
conditions 'non-obtrusively' in real life settings.5  Yet, no one per-
suasively stepped into the role of Dobzhansky or Simpson to show 
how these methods could integrate, into a conceptually coherent 
synthesis, the substantive findings of psychologists working in 
otherwise opposed branches of the field. Instead, psychologists 
simply used Campbell's methods to support their own immediate 
research projects. Meanwhile, since Campbell first presented his 
hybrid methodology in the early 1960s, psychology has reached the 
disciplinary breaking point, as experimentalists and clinical prac-
titioners now periodically threaten to go their separate ways. 

One explanation for this marked difference in the fates of 
biology and psychology is that 'real' scientists possess a special 
mental faculty, traditionally called intellectual intuition, that en-
ables them to penetrate a deeper order beneath the surface chaos 
of empirical observations. Certainly, this opinion has had a distin-
guished, if somewhat contested, pedigree in the history of philos-
ophy, including Plato and Leibnitz among its defenders. Indeed, 
even biologists continue to marvel at the apparently unerring 
ability that physicists have to intuit perfect curves from otherwise 
unruly data points.6  But an equally viable explanation for these 
mental achievements is that physicists are not as scrupulous as, say, 
psychologists in accounting for the data generated by a body of 
experimental work? Since psychologists presume that their subject 
matter is quite complex and elusive, they do not pretend to have 
many clear intuitions about which data are worth keeping or throw-
ing out when drawing some theoretically relevant inference. Con-
sequently, they have been among the pioneers in the development 
of sophisticated 'meta-analytic' statistical techniques capable of 
integrating all the data from all the experiments.8  Needless to say, 
these techniques produce a rather complicated overall empirical 
picture of psychological phenomena, one that resists simple theor-
etical formulations. Because physicists presume that they have a 
relatively clear understanding of their experimental situations, they 
have greater confidence in their own discretionary judgements of 
data. In addition, this difference in methodological attitudes 
between psychologists and physicists draws on divergent folk  
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images of their competence as scientists, images that have them-
selves rarely been subject to empirical scrutiny. For example, while 
physicists are commonly seen as superior scientists, some of the 
most thoughtful and rigorous works on scientific methodology have 
been written by psychologists such as Campbell. 

Some natural scientists have expressed scepticism at the ease 
with which different branches of their fields have synchronized 
their thinking. For example, contrary to the popular belief that the 
different branches of physics are independently converging upon a 
`Grand Unified Theory', one physicist who deserted the fold for 
science journalism claims that there is collusion between particle 
physicists and cosmologists, in that the former have increasingly 
tried to come up with mathematical formulations that satisfy the 
theoretical expectations of the latter, all in the absence of any 
observational base or crucial experiment that could test these 
mutually reinforcing speculations.9  Thus, while particle physics 
offers no direct evidence for a uniformly expanding universe after 
the Big Bang, such a view would nicely dovetail with cosmologists' 
beliefs, and hence particle physicists have placed mathematical 
constraints on their own theories that would allow such inflation to 
occur. 

This raises the larger historical question of accountability in 
physics. While theories in the other sciences are routinely dis-
counted if they are incompatible with the leading physical theories, 
it seems that physical theories need not be compatible with theories 
in the other sciences. At the end of the nineteenth century, the 
greatest physicist of his day, William Thomson, Lord Kelvin 
(1824-1907), declared that Darwinian evolution had to be false 
because thermodynamics did not allow the earth to be as old as 
evolution required. After this pronouncement, many scientifically 
minded biologists began to rethink their commitment to Darwin's 
view that nature operates by slow, steady changes. Indeed, this 
period witnessed a physics-induced revival of the periodic geo-
logical cataclysms postulated by the rival 'catastrophist' approach 
that was associated with Creationist attempts to read the Noachian 
Flood into the Earth's fossil record. Luckily (at least for the fate of 
Darwinism), physicists soon stumbled upon a refutation of Kelvin's 
chronology in their own bailiwick, once radioactivity was discov-
ered as a source of heat that could have fuelled the Earth's core for 
the hundreds of millions of years needed for evolution.10  Although 
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today's fundamental physical theories postulate that the world is 
radically different at the extremes (the very big, the very small, the 
very old, etc.) from the way it appears at the 'middle' level of reality 
canvassed by the other sciences, few non-physicists have had the 
temerity to argue that physics is incompatible, or somehow out of 
step, with current trends in the rest of the sciences.11  However, if 
one wanted to make such an argument, evidence could be sought 
by noticing the increased amounts being spent on particle acceler-
ators that generate findings of little obvious cross-disciplinary rele-
vance. 

Finally, we must ask whether collusion in the various branches of 
a science, such as physics, somehow corrupts the entire scientific 
enterprise. At the very least, scientists can be charged with hyper-
bole in the import they assign to their agreements (which is no 
doubt useful in securing continued funding). A social scientist may 
appreciate the closeness with which elite theoretical physicists 
cooperate with each other today by imagining what it would be like 
for historians to agree on a general account of the evolution of 
society (no small feat in its own right), in which the evolutionarily 
most salient features of the earliest communities happened to be 
the very features that social psychologists have found to be most 
salient in their attempts to simulate small group processes in 
laboratory experiments. Too good to be true? Much depends on 
whether one can draw a line between fruitful collaboration and sin-
ister collusion, and whether scientists turn out to fall on the right 
side of the line. It seems important to draw the line because 
science's authority as a reliable form of knowledge typically pre-
supposes that the findings of its practitioners are more the result of 
individual discovery than collective invention. If discoveries con-
verge upon a more general pattern of thought, then that must be 
the result of reality 'pulling' in that direction, and not of disciplinary 
norms 'pushing' scientists that way. But given that scientists so 
rarely break rank with disciplinary norms — and quickly close ranks 
against those who do — how can one tell whether convergence is 
being pushed or pulled? 

Here we must turn to some other sociologically peculiar features 
of science. One is the sort of story that scientists tell about them-
selves and their colleagues in other scientific fields. Scientists first 
encounter this story in the opening chapters of their textbooks, 
which they then pass on to their students and the public, via science  
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popularization. Depending on whether one is drawn to a physics or 
biology based model of the natural sciences, one can describe it as 
a version of the 'nebular hypothesis' of the universe's origins or an 
especially purpose laden version of organic evolution. (Ironically, 
each of these stories would be dismissed as obsolete accounts of 
physical and biological phenomena, though accepted as the 
accounts of the history of physics and biology.) Thus, science 
emerged from either the 'molten mass' or 'primordial soup' of 
philosophical speculation, gradually taking shape and dividing into 
functionally differentiated disciplines, each with its own proper 
domain of inquiry and methods, which together constitute a sys-
tematic understanding of reality that is slowly coming into focus as 
these disciplines capture the details of their domains. Obscured 
from this story are the large methodological, and perhaps even 
metaphysical, differences that still separate physics and biology, as 
mentioned earlier, although biologists routinely suffer in silence as 
the story officially has physics splitting off from philosophy nearly 
two centuries before biology. Occasionally a physicist, usually a 
Nobel Prize winner, will remind biologists of their subordinate 
status in science's grand narrative. A vivid case in point is the recent 
demotion of palaeontologists to the ranks of 'stamp collectors' by 
Nobel physicist Luis Alvarez, when they balked at his hypothesis 
that a meteor shower was responsible for the extinction of 
dinosaurs on Earth.12  

Nevertheless, natural scientists are generally sheltered from 
experiencing any cross-disciplinary dissonance because the potted 
histories they encounter in their textbooks are more like the nar-
ratives recounted in science popularizations than in the works of 
professional historians of science. The latter typically accentuate 
the blind alleys, dirty deals, and strategic omissions that have 
enabled the history of science to appear seamless and progressive. 
Indeed, the most influential historian of science in recent memory, 
Thomas Kuhn, has gone so far as to justify this difference in the his-
tories that scientists read and historians write on the grounds that, 
were fledgling scientists exposed to an unvarnished view of their 
past, they would be discouraged from the single-mindedness 
needed for working on highly specialized problems that hold little 
meaning outside their immediate research contexts.13  Under the 
circumstances, it is not unreasonable to wonder whether Kuhn is 
more part of the problem than the solution to science's vexed role 
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in society." Nevertheless, his argument is far from unprecedented. 
We shall continually encounter versions in this book under the 
rubric of the Double Truth doctrine. 

In contrast, students of social science are typically exposed to 
the history of their fields as part of the required curriculum. Often 
the people teaching these courses believe that the wrong research 
programmes have come to dominate their fields, and then only 
under very fortuitous circumstances that have little to do with the 
genuine validity of those programmes. Sometimes this state of 
affairs is traced to the permeability of the social science disciplines 
by larger societal concerns. After all, the first modern scientific 
association, the Royal Society, famously managed to thrive, in 
large part, because it explicitly prohibited such concerns from 
entering its deliberations. But at the same time, that was precisely 
what made the Royal Society an elite association, the repercus-
sions of which we shall see shortly. In my own estimation, the injec-
tion of history into the social science curriculum has enabled those 
fields to aspire to a more common-sensical 'universal' form of 
knowledge than has been the case in the natural sciences for most 
of the twentieth century. The typical history of the social sciences 
contains a wider cross-section of social actors than the typical 
history of the natural sciences. Along with professionally certified 
social scientists, the history of a social science will routinely 
include politicians, policy makers, natural scientists, financiers, 
and even representatives of the primary and secondary school 
sectors.15  In short, we have here science in history more than 
history of science. 

If we return for a moment to the early days of the Royal Society, 
we see that the natural sciences' distinctive sense of focus is the 
product of self-censorship. Our chief witness is Thomas Hobbes 
(1588-1679). According to Hobbes, in a world where everyone is 
allowed to argue claims as they see fit, there will be no natural point 
of agreement. The imposition of closure on dispute thus becomes 
a political necessity, but one without any pretence to having 
resolved the dispute to everyone's satisfaction. These points were 
originally raised against Robert Boyle (1627-91), who wanted to 
restrict entry into the Royal Society to mutually recognized experts 
in the craft of experiment, among whom agreement could be easily 
reached on the nature and significance of empirical findings.16  In 
this way, Boyle would pre-empt a Hobbesian 'war of all against all'  
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at the level of discourse. However, from Hobbes's vantage point, 
what Boyle and his allies wanted to pass off as their superior insight, 
or 'credibility' as witnesses to nature, reflected nothing more than 
the mundane fact that similarly conditioned people will see things 
in similar ways. In the short term, Boyle won and Hobbes was 
excluded from the Royal Society. However, a more exact rendition 
is that Boyle and Hobbes have split the difference in the modern 
academy. Taking the craft of writing for professional journals as our 
benchmark, the natural sciences follow Boyle. Early in their pro-
fessional training, students learn how to write for the journals in 
which they should publish. They do not submit an article for edi-
toral scrutiny until they already believe that its chances of accept-
ance are high. Such mastery at self-censorship accounts for why 
natural science journals seem to maintain high standards despite 
having very high acceptance rates. At the level of the editorial 
forum, the natural sciences seem quite democratic, as most journals 
apply the same standards of critical judgement to the work sub-
mitted, regardless of the source. But a latter-day Hobbes would 
quickly observe that authors and editors converge so easily only 
because those who submit to such journals have been pre- and self-
selected so as to minimize the possibility that a substantial diver-
gence of opinion would ever reach the forum. 

In contrast, professional training in the social sciences is less 
focused on journal writing, largely because there is less agreement 
over which journals one should write for. Consequently, editors of 
social science journals must often discipline and reject in public the 
sorts of utterances that would have been deleted by the prudent 
natural science author prior to submission. This leaves the overall 
impression that the low acceptance rates in social science journals is 
due just as much to a divergence of standards as to a surfeit of poorly 
crafted articles. Under the circumstances, it is natural to interpret 
editorial decisions as exercises of 'political' rather than strictly `epis-
temic' authority. The appearance of politically motivated decisions, 
in turn, spurs the proliferation of 'alternative' journals where 
rejected authors can find editorial solace. Nevertheless, for all its 
fractiousness, the Hobbesian would argue that the social sciences at 
least enjoy the virtue of being open in its dealings. It remains to be 
seen whether the natural sciences genuinely succeed in sifting out a 
distinctly `epistemic' dimension, or whether epistemology is simply 
the velvet glove cloaking the iron fist of academic politics.17 
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The profound difference between Boylean and Hobbesian sen-
sibilities raises the following question. Does the culture of contes-
tation that is so much more open in the social than the natural 
sciences enliven or trivialize knowledge claims? And what does the 
answer tell us about the nature of scientific knowledge? While vir-
tually every philosopher and scientist has endorsed some version of 
the idea that criticism is the lifeblood of epistemic growth, most of 
them have recoiled from the promiscuous pursuit of criticism. The 
officially expressed fear is that inchoate or controversial research 
programmes may be prematurely terminated if they fail to answer 
criticisms when they are lodged. Even if the criticisms miss their 
target, they may leave enough doubts to make it that much harder 
for the targeted programme to develop. Moreover, if the activity of 
lodging criticisms is itself too highly valued, then inquirers will lose 
all incentive to develop their own knowledge claims beyond a 
certain point. For these reasons, philosophers and scientists have 
tried to come up with ways of protecting certain kinds of knowledge 
claims from immediate attack. Sometimes they appeal to logic, 
sometimes to history, and, increasingly, to expertise, but the net 
effect is to defer the critic's access to the forum. At a practical level, 
this attitude wreaks havoc on the scholarly refereeing system. Gen-
uinely probing referees' reports often go unheeded (let alone unap-
preciated) because scholarly authors are encouraged to work out 
their arguments with such thoroughness prior to submission that 
they are psychologically ill-disposed to any response that would 
have them rethink major portions of their position. In this way, the 
whole point of criticism is routinely defeated. 

The rhetorical intuitions informing science's love—hate relation-
ship with criticism merit extended examination. In part, criticism 
is loathed because it is seen as playing a destructive rather than a 
creative role in thought. At most, it is seen as a selection mechan-
ism. Philosophers prefer theories that are reasonably developed 
before being subjected to criticism, and they regard theories that 
receive most of their elaboration in the face of criticism as having 
been ill-conceived or ad hoc. However, history throws up some 
rather embarrassing counterexamples. After all, only half of 
Darwin's The Origin of Species remained intact after its first dozen 
years of publication. Perhaps a big part of science's mystique, then, 
lies in its dialectical encounters being portrayed as do-or-die 
struggles that occur relatively rarely because of the magnitude of  
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the stakes. This would certainly explain the extent to which a 
theory must be developed before being brought to the forum. Con- 
versely, respect for science may conceivably diminish if too many 
of its knowledge claims are too frequently contested, as is the case 
in the social sciences. We shall probably be in a position to test this 
hypothesis in the near future, given the proliferation of electronic 
networks in both the social sciences and natural sciences, whose 
debates cut across — and often against — more 'respectable' print 
forums.18  

In conclusion, there are at least three levels at which the lan-
guage of science functions to establish its authority in society. They 
correspond conveniently to the traditional levels of linguistic 
analysis: syntactic, semantic, and lexical. Syntactically, scientific dis-
course displays modes of expression, even entire narratives, that 
enable collective remembering and forgetting to occur across a 
variety of disciplines that would otherwise have little in common. 
This is especially important in terms of scientists presenting a 
united front of overall progress to a sceptical public. Semantically, 
the technical discourse of particular sciences enables a map of 
knowledge to be drawn which sets the boundaries of expertise. In 
that sense, scientific language is ready-made to express intellectual 
property claims. Any examination of the refereeing practices of 
`peer-reviewed' journals bears out this point.I9  Finally, at the 
lexical level, scientists, in their day-to-day interactions, typically 
address each other using unexceptional language that is punctu-
ated by specific technical terms that have no ordinary correlates. 
Thus, the lexical level plays against the semantic and syntactic 
ones, since typically the mundane character of life in the labora-
tory needs to be masked in order for the products of its activities 
to be regarded as genuine contributions to knowledge." Inacces-
sibility confers privilege. As it turns out, when scientists are inter-
rogated on their practices, their first line of defence tends to be in 
the potted syntactic mode. However, the diligent inquirer can get 
the scientist past this verbal facade to the semantic and lexical 
levels, whereby science starts to look like something encountered 
in other walks of life.21  If one needed a 'methodological' proof of 
the relationship of critical scrutiny and democracy, it is the success 
of such linguistic probing. 
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`Science', 'Scientific', 
`Scientist': Some 

Exercises in 
Conceptual Analysis 

Science 

The word science is semantically more complex tnan it first 
appears. For a start, we need to distinguish between 'science' as an 
abstract and a concrete noun: that is, the difference between what 
it means for something to be a science and the content of a par-
ticular science. So, what does it mean for something to be a sci-
ence? We can give either a substantive or a functional answer to 
this question, which roughly corresponds to a philosophical and a 
sociological definition of science, respectively. Philosophers tend 
to focus on features that are supposedly inherent to a knowledge 
practice, typically its mode of operation or -method', whereas 
sociologists stress the role that the knowledge practice plays in 
relation to other social practices. The sociological definition use-
fully complements the philosophical one, since, as we have already 
seen, the specific disciplines grouped together as 'sciences' bear 
little resemblance to each other in their day-to-day conduct. 
Nevertheless, it may be that these rather disparate disciplines 
serve a similar function in the larger society, something the socio-
logical definition begins to come to grips with. In contrast, philoso-
phers have had to abstract heroically from these disciplines to 
arrive at a 'method' they might all share. Unfortunately, the results 
are so removed from the actual scientific practice that only the 
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professional theorists and methodologists in those disciplines —
that is, the scientists whose own work most resembles that of 
philosophers — have seen the relevance of such an abstract charac-
terization of science. Of course, this is not to deny the relevance of 
this philosophical discourse to the potted syntactic mode discussed 
at the end of the last chapter, through which science presents its 
public face. 

Interestingly, although philosophers and sociologists seem to 
look at science from quite different angles, their definitions ulti-
mately gravitate towards two polar ideologies, which can be called 
Enlightenment and Positivist, after two self-styled pro-science 
Western intellectual movements that originally flourished in the 
eighteenth and nineteenth centuries. For our purposes, the two 
movements can be made to stand for two general trends in the 
history of science. On the one hand, the Enlightenment envisions 
what it calls 'science' as a mentality that potentially pervades all of 
society and hence cannot .be restricted to the activities of an elite 
group. In this respect, science can be seen on a par with other sec-
ularizing forces such as Protestantism and capitalism. On the other 
hand, Positivism presupposes that science is practised primarily (or 
perhaps ideally) by academic specialists, professional 'scientists', 
who may in turn administer to the larger society as civil servants or 
policy analysts. Both movements are committed to universality as 
a feature of scientific knowledge which, regardless of its origins, 
makes it knowledge for everyone. But whereas Enlightenment 
thinkers see universality as the long term consequence of people 
criticizing each other's dogmatic attitudes, their Positivist counter-
parts locate universality at the outset of inquiry, more specifically 
in the disciplined mental attitude of professional inquirers. An 
Enlightenment thinker would find the purpose of science defeated 
if, after a period of intense critical scrutiny, a set of doctrines 
surviving such scrutiny became the indubitable foundations for 
knowledge, which in turn defined the parameters within which 
subsequent critical inquiry would be contained. Yet, this is precisely 
what the Positivist proposes. It was not by accident that Positivism's 
founder, Auguste Comte (1798-1857), saw in science's universalist 
aspirations a natural successor to the Roman Catholic Church. In 
philosophical terms, the Enlightenment's interest in strong tests to 
falsify established beliefs is countered by Positivism's concern with 
reconstructing knowledge on a reliable body of data and logic,  

Philosophical Sociological The opposite of 
substance function science 

Enlightenment Falsifiability Delegitimation Unquestioned 
prejudice,  

Positivist Verifiability Legitimation Unruly opinion 

Figure 3.1 Enlightenment and Positivism. 

which can then be used to bring consensus to society at large. If one 
fears the inertia of mindlessly reproduced tradition, the other fears 
the chaos of disordered thought. These differences are summarized 
in .Figure 3.1. 

But, of course, 'science' is also, and perhaps more recognizably, 
a concrete noun, a specific set of practices whose unique access to 
reality serves as the standard against which other practices (and 
their practitioners) can be evaluated. The best way to follow the 
history of science in this sense is by identifying, across cultures and 
centuries, the disciplines that are taken to exemplify the virtue 
`science', or its cognate term. In the West, until roughly the mid-
nineteenth century, this history coincided with the history of phil-
osophy, especially that of natural philosophy. However, philosophy 
and science went their separate ways once 'scientist' was coined as 
the name of a specific profession. Before turning to that develop-
ment, consider the representation in Figure 3.2 of the history of 
Western science. 

Crucial to understanding the history of 'science' as a concrete 
noun is knowing the sort of practices that have counted as the oppo-
site of science, that is, anti-science. Since any social practice of some 

Abstract virtue Concrete exemplar Concrete opposite 

Ancient Greek Episteme 
Medieval Latin Scientia 
Nineteenth- 

Century German Wissenschaft 
Twentieth- 

Century English Science 

Figure 3.2 The history of Western science. 
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longevity can reasonably lay claim to having reliable access to 
reality, societies have needed ways of discriminating better and 
worse sorts of access. For example, simply knowing that the ancient 
Greeks regarded geometry as the exemplar of episteme is not very 
illuminating until we learn that rhetoric epitomized anti-science for 
them. For the Greek philosophers Plato (428-34813c) and Aristotle 
(384-322Bc), rhetoric was a bag of verbal tricks whose success 
could not be guaranteed or even explained very well, as it seemed 
to elude the norms of logical reasoning.1  By contrast, geometry 
earned its scientific status because it provides proofs that demon-
strate exactly how a conclusion follows from a set of premisses by 
the application of a series of simple and explicit rules. Much of this 
geometric sensibility was retained once the exemplar shifted to 
theology in the Middle Ages. However, because even the most 
devout theologian could not grant the conclusiveness of proofs for 
the existence of God, it became sufficient to distinguish between 
beliefs that are justified, albeit inconclusively, from superstitious 
beliefs based solely on anecdote, rumour, or alleged personal 
powers. Thus, the Greek aim of logical closure was replaced with 
an emphasis on the public character of knowledge, which in turn 
represented the theologian's stewardship over God's Creation. 
Opposed to this sensibility was knowledge of magic, the reliability 
of which could not be tested because of its inherently esoteric 
nature. Magicians typically traced their powers to the special agree-
ments they have struck with supernatural entities that circumvent 
the normal order of things and, at least indirectly, threaten to 
undermine a unified conception of Creation. 

By the time we enter the world of Wissenschaft, all hope of arriv-
ing at universal claims to knowledge that command intuitive assent 
has disappeared. The image of knowledge production truly came 
into its own in the nineteenth century, as insight and wit were 
replaced by hard work applied to the transformation of raw 
materials: first documents in the archives; then specimens in the 
field; and finally artifacts in the laboratory. The seminar emerged 
as the site for subsuming education under research (as opposed to 
the medieval practice of the lecture, which subsumed in reverse by 
reducing research to textbook commentary). Not surprisingly, the 
proponents of this quintessentially Positivistic vision regarded their 
Enlightenment predecessors as mischievous metaphysicians. 

It may seem strange to find the discipline of history as the  
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exemplar of science in this context, given that the seventeenth 
century had already witnessed the rise of organizations like the 
Royal Society, explicitly designed to promote the experimental sci-
ences as we understand them today. Nevertheless, laboratory based 
inquiry continued to carry the stigma of the magical arts until the 
second half of the nineteenth century. Indeed, the status of most 
experimental science before that time was comparable to that of 
computer programming today: a field whose innovations are most 
likely to come from hackers whose exploits are 'legendary' in all 
senses of that word (consider the powers attributed to computer 
viruses) and apparently governed by such unserious motives as fun 
and profit. For their part, proper computer scientists primarily 
codify and certify the hacker inspired developments. More gener-
ally, the association of science with the official codification and 
certification of knowledge came about with the renovation of the 
national university systems of Europe, canonically beginning with 
the founding of the University of Berlin in 1810 by Wilhelm von 
Humboldt (1767-1835). Henceforth, the universities became the 
cornerstone of the modern nation state. The practitioners of science 
were civil servants entrusted with consolidating the national know-
ledge base by preserving only those claims that survived critical 
scrutiny. The model of criticism was the juridical interrogation of 
documents to establish who was entitled to what. Under the cir-
cumstances, the archetype of anti-science was a practice whose con-
clusions could not be settled by appeals to evidence. Kant, his own 
writings laden with metaphors drawn from the courtroom, showed 
that metaphysics has just this objectionable characteristic in its 
attempt to seek indubitable truths at a level of reality that tran-
scends empirical inquiry. 

Today's understanding of science is distinguished by two 
additional features. First, science has shed its aristocratic class 
prejudices against manual labour and commercial gain, which from 
the mid-seventeenth century to the mid-nineteenth century had 
prevented those factory like institutions, laboratories, from being 
housed on university grounds. This development is, in part, a 
natural result of the enrolment of ever larger segments of the citi-
zenry into civil and military service functions and, in part, a reflec-
tion of the incursion of capitalism into such a resolutely 
non-economic sector of society as the academy. Secondly, the legit-
imatizing goals of science have shifted from explicit service to the 



28 Science 

longevity can reasonably lay claim to having reliable access to 
reality, societies have needed ways of discriminating better and 
worse sorts of access. For example, simply knowing that the ancient 
Greeks regarded geometry as the exemplar of episteme is not very 
illuminating until we learn that rhetoric epitomized anti-science for 
them. For the Greek philosophers Plato (428-348Bc) and Aristotle 
(384-3228c), rhetoric was a bag of verbal tricks whose success 
could not be guaranteed or even explained very well, as it seemed 
to elude the norms of logical reasoning.' By contrast, geometry 
earned its scientific status because it provides proofs that demon-
strate exactly how a conclusion follows from a set of premisses by 
the application of a series of simple and explicit rules. Much of this 
geometric sensibility was retained once the exemplar shifted to 
theology in the Middle Ages. However, because even the most 
devout theologian could not grant the conclusiveness of proofs for 
the existence of God, it became sufficient to distinguish between 
beliefs that are justified, albeit inconclusively, from superstitious 
beliefs based solely on anecdote, rumour, or alleged personal 
powers. Thus, the Greek aim of logical closure was replaced with 
an emphasis on the public character of knowledge, which in turn 
represented the theologian's stewardship over God's Creation. 
Opposed to this sensibility was knowledge of magic, the reliability 
of which could not be tested because of its inherently esoteric 
nature. Magicians typically traced their powers to the special agree-
ments they have struck with supernatural entities that circumvent 
the normal order of things and, at least indirectly, threaten to 
undermine a unified conception of Creation. 

By the time we enter the world of Wissenschaft, all hope of arriv-
ing at universal claims to knowledge that command intuitive assent 
has disappeared. The image of knowledge production truly came 
into its own in the nineteenth century, as insight and wit were 
replaced by hard work applied to the transformation of raw 
materials: first documents in the archives; then specimens in the 
field; and finally artifacts in the laboratory. The seminar emerged 
as the site for subsuming education under research (as opposed to 
the medieval practice of the lecture, which subsumed in reverse by 
reducing research to textbook commentary). Not surprisingly, the 
proponents of this quintessentially Positivistic vision regarded their 
Enlightenment predecessors as mischievous metaphysicians. 

It may seem strange to find the discipline of history as the  

Exercises in Conceptual Analysis 29 

exemplar of science in this context, given that the seventeenth 
century had already witnessed the rise of organizations like the 
Royal Society, explicitly designed to promote the experimental sci-
ences as we understand them today. Nevertheless, laboratory based 
inquiry continued to carry the stigma of the magical arts until the 
second half of the nineteenth century. Indeed, the status of most 
experimental science before that time was comparable to that of 
computer programming today: a field whose innovations are most 
likely to come from hackers whose exploits are 'legendary' in all 
senses of that word (consider the powers attributed to computer 
viruses) and apparently governed by such unserious motives as fun 
and profit. For their part, proper computer scientists primarily 
codify and certify the hacker inspired developments. More gener-
ally, the association of science with the official codification and 
certification of knowledge came about with the renovation of the 
national university systems of Europe, canonically beginning with 
the founding of the University of Berlin in 1810 by Wilhelm von 
Humboldt (1767-1835). Henceforth, the universities became the 
cornerstone of the modern nation state. The practitioners of science 
were civil servants entrusted with consolidating the national know-
ledge base by preserving only those claims that survived critical 
scrutiny. The model of criticism was the juridical interrogation of 
documents to establish who was entitled to what. Under the cir-
cumstances, the archetype of anti-science was a practice whose con-
clusions could not be settled by appeals to evidence. Kant, his own 
writings laden with metaphors drawn from the courtroom, showed 
that metaphysics has just this objectionable characteristic in its 
attempt to seek indubitable truths at a level of reality that tran-
scends empirical inquiry. 

Today's understanding of science is distinguished by two 
additional features. First, science has shed its aristocratic class 
prejudices against manual labour and commercial gain, which from 
the mid-seventeenth century to the mid-nineteenth century had 
prevented those factory like institutions, laboratories, from being 
housed on university grounds. This development is, in part, a 
natural result of the enrolment of ever larger segments of the citi-
zenry into civil and military service functions and, in part, a reflec-
tion of the incursion of capitalism into such a resolutely 
non-economic sector of society as the academy. Secondly, the legit-
imatizing goals of science have shifted from explicit service to the 



30 Science 

state to service to science itself; or at least one now says that the 
goals of the state cannot be properly served until those of science 
are first served. Such is the operational definition of 'science for its 
own sake'. Indeed, the 'universality' of science has come to be 
identified, at least in the popular imagination, with just this attitude, 
rather than the widespread distribution of scientific knowledge as 
such. In practical terms, research is nowadays justified as somehow 
feeding back into teaching, so as to assure students that they are 
receiving an education that will enable them to deal with a rapidly 
changing world. Long gone are the days when scientific knowledge 
actually stabilized the society in which the knowledge was pro-
duced? Rather, one now routinely expects the fruits of scientific 
research to be counterintuitive, if not completely beyond the 
understanding of the untutored lay person. Science's open defiance 
of common-sense ,probably reached its peak in the late 1920s, 
shortly after the twofold revolution in relativity and quantum 
physics. This defiance was even canonized as a philosophical 
conundrum by Arthur Eddington (1882-1944) as the 'two tables 
paradox', which implied that people simply had to learn to accept 
that a table is both a hard, wooden object and a swarm of atoms 
moving around in otherwise empty space.3  

Scientific 

The next word to be subject to semantic scrutiny is scientific, which 
may have any of three meanings, each easily identified by a syn-
onym: 

1 science's — a property of science, as in the 'scientific method'; 
2 scientized — an application of science, as in 'scientific agriculture'; 
3 scientistic — an imitation of science, as in 'scientific sociology'. 

The three synonyms are arranged according to their (increasing) 
distance from the actual conduct of scientific inquiry. In this 
respect, the nuance in meaning separating 2 and 3 is especially 
important, as it reflects the difference between scientists colonizing 
domains they previously had not inhabited (2) and the inhabitants 
of those domains remaking themselves in order to attract the 
approval of scientists (3). Philosophers have traditionally papered 
over this difference in the direction of cross-disciplinary exchange 
by the feat of heroic abstraction known as reductionism, which  
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refers to any attempt to extend the rule of science beyond its 
normal disciplinary confines, regardless of who originates the 
move. For example, today's 'equilibrium' models of the economy, 
which stress the need to maintain a balance between supply and 
demand, look like something out of nineteenth-century accounts of 
energy conservation and expenditure. Is this a case of physicists 
trying to tell economists what to do or of economists borrowing 
physics to tell each other what to do? It turns out that an adverse 
job market has muddled the distinction, as people trained in physics 
(or theoretically based engineering) have actually migrated to 
economics and successfully converted their oversubscribed skills 
into a revolutionary new expertise.4  

Minimally, a domain is scientifically 'reduced' once an acknow-
ledged method of science has been imported. But, of course, the 
substantive beliefs of a science may be imported as well, as when 
philosophy takes the latest science as the foundation of, or at least 
ultimate constraint on, its speculations. Some cases in point are to 
suppose that the nature of the mind can be solved by mapping 
the brain; that the secret to the good society can be unravelled by 
articulating the genetic make-up of humans; or that questions of 
ultimate reality can be settled by physicists discovering funda-
mental particles and forces.5  These three examples share two inter-
esting features. First, the implementation of the reductionist 
programme involves the introduction of new techniques for acquir-
ing and expressing knowledge, which in turn limit the sorts of 
people who can participate in them. Secondly, the resources 
required for providing reductionist answers greatly exceed what 
had been needed for pursuing these questions in their 'pre-reduced' 
state. It is almost as if financial commitment were doing the work 
that in previous generations had been done by the provision of evi-
dence: the more we spend on a research programme, the less we 
can imagine that it could be misguided. 

Painting on a broader conceptual canvas, we can map the seman-
tics of the 'scientific' in terms of whether the influence of science is 
concentrated or dispersed in society at large. Where the influence 
is concentrated, the interface between science and society can be 
characterized as a site, and where the influence is dispersed, the 
interface is a process. From a social scientific standpoint, sites are 
the objects of anthropological study, processes of sociohistorical 
study. The result is the 'interpenetration' of science and society in 
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Science socialized Society scientized 

Science/society 
as site 

Science/society 
as process 

A Science reproduces 
social institutions and 
general social tendencies 

C Science becomes diffuse 
as it is popularized 

B Society reaches its 
full potential in 
science 

D Society becomes 
standardized as it 
comes under the 
rule of science 

Figure 3.3 The interpenetration of science and society. 

Figure 3.3. In Chapter 4, I shall reveal a previously unreleased 
anthropological inventory of science, which will address issues 
related to A and B. So, for now, let us make do with some remarks 
on the countervailing processes of science's social influence, that is, 
C and D in Figure 3.3. 

In the case of C, despite the Enlightenment's interest in spread-
ing the critical cast of the scientific mind across society, it is just this 
mind-set that is most likely to drop out as scientific ideas enter 
general circulation. When noticed at all, science tends to be 
received uncritically as dogma.6  Public interest in science is typi-
cally piqued by tabloid newspaper reports of medical break-
throughs and freak occurrences in nature, and not by such relatively 
arcane matters as the 'selfish gene' or 'black holes', unless, that is, 
they are seen as assimilable to more accessible topics (e.g. genetic-
ally based defects in prospective offspring). However, this lack of 
critical engagement with science has seemed to serve science well, 
at least if one thinks of science's continued survival as an end in 
itself. Knowledge and interest can interact in peculiar ways. (Here 
one thinks of how the stability of democratic regimes depends on 
the bulk of the population failing to participate in the political 
process, either out of relative contentment or sheer indifference.) 
It is plainly fallacious to suppose that, just because science enjoys 
widespread public support with relatively few people holding reli-
able beliefs about it, support would increase were people to have 
more in-depth knowledge of science. If sociologists get hold of 
them, the people may be outraged; if professional scientists get hold 
of them, they may simply be bored. Strange as it may seem, much 
like the workings of government in large democratic regimes,  
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science may be popular precisely because it is misunderstood. Thus, 
a movement genuinely devoted to the 'public understanding of 
science' may have some rather unintended consequences for the 
future of science. 

Generally speaking, practising scientists are only a small fraction 
of those who contribute to any socially acceptable definition of 
science. Among the other contributors are practitioners in other 
disciplines (especially the social sciences), who model their own 
fields on the scientific exemplars of their day; science policy makers; 
and, especially, science popularizers, including those who read 
Buddhism into the breakdown of causation at the quantum level of 
physical reality. It is easy to conclude that these hangers-on simply 
do not understand what they are talking about. However, were the 
scientific community to disown them so brusquely, science would 
quickly lose its esteemed social standing. After all, why would 
democratic governments want to invest billions of dollars on activi-
ties from which only a few directly benefit and to which the rest can 
hardly relate? From a sociological standpoint, all of the misbegot-
ten metaphors and half-understandings of science that infiltrate the 
popular imagination are what enables a broad spectrum of people 
to project their own experiences and traditions onto the otherwise 
elite and alien world of scientific research. Perhaps not surprisingly, 
scientists openly object to this dilution of their message only once 
the public feels sufficiently empowered by its 'understanding' to 
want to take science policy into their own hands. 

In the case of D, the principal way in which society comes under 
the rule of science is through the naturalization of everyday under-
standings of reality. This process is most recognizable as the alleged 
continuity between animal instinct, common sense, and the scien-
tific method as degrees of 'cognitive engagement' with, or 'environ-
mental adaptation' to, the natural world. This fusion of terms is 
often grounded in the Darwinian notion that precedents for most 
of the defining properties of Homo sapiens can be found, at least in 
nascent form, throughout the animal kingdom. For example, 'cog-
nition' turns out to be perception that has been evolutionarily 
enhanced by memory and foresight. But in the next breath, one 
makes it quite clear that 'scientific knowledge' is probably the best 
mode of adaptation that our species — perhaps any species — has 
evolved. Together, these two views end up licensing the conclusion 
that the pursuit of science is a natural extension of people's innate 
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'curiosity', or some such animal tendency, and that palpably anti-
scientific trends such as religious fundamentalism or political 
authoritarianism prevent us from realizing our full potential. 

Among the long-term institutional consequences of this position 
has been the introduction of 'scientific' criteria — typically inspired 
by physics — to evaluate the full range of human adaptive skills that 
naturalists generically lump together under the rubric of 'cognition' 
or 'intelligence'. The most blatant example of this tendency must 
be Jean Piaget's (1896-1980) influential model of child develop-
ment, whereby the cognitive trajectory from infancy to adolescence 
supposedly recapitulates the past 2000 years of the history of 
Western physical science. Yet, as we saw in Chapter 2, even 
someone as democratically inclined as Dewey held related views. 
Admittedly, neither Piaget nor Dewey had much training in 
physics, but several of the early proponents of intelligence testing, 
and cognitive psychology more generally, did. For them it was quite 
natural to envisage the notebooks of a great physicist like Benjamin 
Franklin or Michael Faraday as containing self-elicited protocols of 
their thought processes, making them exceptionally good witnesses 
to mental events that everyone else experiences unconsciously.? 
Given how easily the past is forgotten, one could predict that within 
50 years someone would turn this development on its head by 
looking to concept acquisition in children as a model of how novices 
acquire the basic principles and techniques of a sciences 

It may seem liberal to say that nobody is held back from attain-
ing the epistemic respectability of a scientist. Yet, such hopeful 
expressions were routinely translated into strategies for turning 
everyone into a scientist, at least before they were turned into any-
thing else. Thus, for most of the twentieth century, the 'formal 
reasoning' ability of students has been gauged by their success at 
constructing and manipulating the simultaneous equations needed 
to solve watered-down versions of 'work problems' in classical 
mechanics.9  Failure to perform adequately on such tests seriously 
hampered career choice and mobility, regardless of how tangential 
the skills measured by those tests were to actual employment 
prospects.1° Thus, the 'democratization' of educational institutions 
refers to nothing more than the fact that increasing numbers of 
people undergo the same sets of standardized examinations before 
being awarded degrees and jobs. To be sure, these reforms have 
been 'democratic' in the sense of subordinating everyone to a 
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common standard of achievement, but at the same time, they have 
effectively removed alternative paths of advancement, especially 
such experience based ones as working one's way up from the 
stockroom." While the rhetoric of 'cognitivism' that has 
accompanied this development is designed to distance knowledge-
ability from sociability, it is only once some aspect of human psy-
chology is infused with a 'cognitive dimension' that a clear license 
is given for others to come between your body and your soul by 
introducing training programs and performance standards. The 
question that remains to be asked is should people have to prove 
themselves decent little physicists before they are permitted to 
pursue the line of work they really want or society really needs? 

Scientist 

Although 'science' and cognate terms can be found in most 
Indo—European languages, 'scientist' does not appear until well 
into the nineteenth century. The significance of this fact should not 
be underestimated. It is one thing to think of the organized pursuit 
of knowledge as something that can be analysed independently of 
other social practices; it is quite another to think of its pursuit as a 
full-time job, a profession that requires specialist credentials. For 
example, we can regard the bodily functions as a field of study — call 
it 'physiology' — without thereby concluding that only 'physiolo-
gists' really know how to breathe and eat, with the rest of humanity 
merely improvising those bodily functions to the best of their 
meagre abilities. More generally, the possibility of a 'scientist' sug-
gests that only certain people have really applied their minds to 
fathoming specific domains of reality. Through their training and 
commitment, these people have supposedly acquired intellectual 
skills that make them exemplars to whom other members of society 
should defer when seeking insight into these domains. The model 
for this development is clearly the priesthood, whereby a society 
comes to accept the idea that its members cannot properly deal with 
their souls without third party mediation. An example better suited 
to our secular times is the widespread belief that one should consult 
a medical doctor before judging the state of one's health. After all, 
before medicine adopted the quantitative methods of the physical 
sciences, physicians actually had to persuade potential patients of 
their prowess in healing and caring.12 
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Over the past 150 years, scientists have colonized (typically 
without popular consent) various features of reality to which the 
rest of society had been previously accorded more-or-less direct 
access. A good way to see this is by noting the marked drop in the 
contributions of 'amateurs' to scientific journals during this period. 
The prospect that someone without the right academic accredit-
ation (and, in most cases, affiliation) could make a formal contri-
bution to science is nowadays deeply problematic, in a way it would 
not have been even earlier in the twentieth century. The insidious 
flipside of this tendency is that if someone possesses the proper cre-
dentials, their acuteness of reasoning is taken for granted. In other 
words, the 'laws of thought' are not treated like civil laws, whereby 
police officers, judges, and lawyers are just as accountable as ordi-
nary citizens to the laws. However, when experts are subjected to 
the level of scrutiny that lay people normally encounter, their per-
formance is often not too impressive.13  It would seem, then, that 
standards of knowing invite a double standard. What count as 
infractions and signs of a debased cognitive status when committed 
by a non-adept in the sciences may be excused and even regarded 
as marks of creativity and genius when committed by a keeper of 
the standard, someone professionally qualified to 'know better'. 
Often a mysterious expression like 'tacit knowledge' is invoked to 
license the qualified knower's discretionary actions, and it is cur-
rently popular to say that truly intelligent behaviour cannot be 
reduced to rule-following.14  Nevertheless, it is striking just how 
readily those rules are invoked whenever a novice or stranger needs 
to be set straight. 

The emergence of the 'scientist' as a fixed social role takes us 
light-years, conceptually, from what both the Greek philosophers 
and the founders of Royal Society would have recognized as the 
social conditions for the pursuit of science. For them leisure was the 
sole necessary condition for sustained reflections out of which 
contributions to knowledge may emerge. Only in a state of leisure 
would there be no worry about one's reflections either unwittingly 
jeopardizing or unfairly promoting one's own welfare. We can 
already begin to understand the unique social arrangements that 
were needed to breed this sensibility. The elites who enjoyed the 
requisite leisure had to be of roughly equivalent status and power, 
without being preoccupied with outdoing each other in materialis-
tic terms (which would incline them to deploy their knowledge  
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purely to their own advantage). The Greeks clearly inhabited a pre-
capitalist culture whose sense of 'economy' focused on household 
maintenance, not unbounded growth. For its part, the early Royal 
Society was largely a gentlemen's club in which personal tact was 
considered a component of technical prowess. 

The historical transition from Enlightenment to Positivism as the 
dominant ideology of science corresponds roughly to the Industrial 
Revolution in Europe. Because the Enlightenment essentially saw 
science as the human faculty of reason writ large, it could conceive 
of payment for new scientific knowledge only in terms of prizes, and 
not salaries or even grants. Since any scientific problem was thought 
to be solvable by anyone who applied their mind to it, the relevant 
mental application would seem not to require any special economic 
conditions other than leisure. Thus, it made sense to conceive of the 
pursuit of science very much on the Greek model, as a contest to 
reach the finish line first and capture the prize. However, in the 
nineteenth century, this image of scientific inquiry rapidly broke 
down as a result of two convergent tendencies: an industrial 'push' 
and an academic 'pull'. 

The first was the realization that systematically applying mechan-
ical and chemical principles could markedly improve industrial 
productivity and hence one's position in the marketplace. Industri-
alists were therefore motivated to maintain the rate of technologi-
cal innovation by training and employing potential inventors who 
would be entirely focused on inventing solutions to technical prob-
lems that would then be exclusively claimed by the industrial 
employer. Here we see the first stirrings of the idea of scientific 
knowledge as intellectual property, which implies, among other 
things, that the knowledge in question is directly available to the 
user only at a cost. Typically, this development is masked by the 
eagerness with which industry markets new products so as to 
encourage as many consumers as possible to purchase them. 
However, we should not confuse a 'hard sell' with free access. 

In response to this general tendency, the universities, under the 
leadership of William Whewell (1794-1866), developed a comple-
mentary strategy. Whewell, Master of Trinity College Cambridge, 
was both a confirmed Anglican priest and the holder of a chair in 
mineralogy. His self-appointed task was to retell the history of 
science so that inventors such as James Watt (1736-1819) of steam 
engine fame were portrayed as having 'implicitly' mastered bodies 
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of theoretical knowledge, which made them beneficiaries of an 
intellectual tradition whose guardians were to be found in the uni-
versities. This intellectual tradition consisted of the gradual revel-
ation of the order that the Creator imposed on nature. Its 
cornerstone was Newtonian mechanics, which had been developed 
by a devout professor of mathematics in his spare time without the 
benefit of an external grant. Thus, links were forged between uni-
versity culture and the mechanics and chemists who were proving 
useful to industry. In practical terms, Whewell's strategy enabled 
the universities to argue that it was possible to rationalize the 
process of inventiveness by having people matriculate in the under-
lying principles of physical reality, something that past inventors 
had only half-mastered. By successfully introducing 'scientist' into 
English parlance in the 1830s to cover the newly professionalized 
pursuit of science, Whewell had ensured that the universities would 
become arbiters of genuine inventiveness, that is, providers of 
theoretically respectable explanations for why inventions turn out 
to be sources of industrial innovation.15  Philosophers have canon-
ized Whewell's feat as the logic of justification, in contrast to the 
original context of discovery, which is commonly believed to have 
no logic at a11.16  

Notes 

1 The debate over the relationship between science and rhetoric con-
tinues. See Gross and Keith (1996). 

2 Beck (1992). 
3 For an explication and critique of Eddington, see Stebbing (1937). She 

traces scientific contempt for common sense back to Newton's Opticks 
(1703). For an incisive examination of latter-day scientific challenges to 
common sense, see Midgley (1992). 

4 For stories both of physicists migrating to economics and of economists 
borrowing physics to tell each other what to do, see Mirowski (1989), a 
historical indictment of his field's unreflective scientism. 

5 A good survey of these forms of reductionism is Sorel! (1991). 
6 Moreover, this point applies equally to scientists outside a given 

speciality as to non-scientists more generally. To fathom the former, the 
reader is referred to the lengthening and somewhat mystifying litera-
ture on 'trust' in contemporary sociology. For a critique, see Fuller 
(1993b: 292-4). 

7 I am alluding here to the sources for the early models of cognitive pro-
cessing proposed by Otto Seltz and Karl Duncker in the 1920s, as well  
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as the reminiscences of the Gestalt psychologist Wolfgang Koehler, 
about the influence that his old physics professor, Max Planck, exerted 
on his thought. A good detailed history of the first fifty years of experi-
mental cognitive psychology — that is, until just before the computer 
revolution — is Humphrey (1951). 

8 The predicted person turned out to be the failed physicist Thomas 
Kuhn (1977: 293-319). 

9 This way of testing formal reasoning ability can be traced back at least 
to the French founder of intelligence testing, Alfred Binet, and through 
his American followers Lewis Terman and. David Wechsler. As Stern-
berg (1990: 81) observes, there has been a tendency to apply the test to 
younger children. Work problems originally given to 14-year-olds, ate 
now given to 6-year-olds. 

10 While there has always been a minority report against this tendency in 
educational psychology, the principled denial of a unified sense of 
`knowing' — nowadays dubbed the 'multiple intelligences' thesis — began 
to command its current levels of research funding and media attention 
only once big business started to wonder aloud whether the standards 
of knowing and reasoning enforced by educators for most of this cen-
tury were capable of adapting to capitalism's quickly changing com-
petitive environment. 

11 Ringer (1979: 27-9). 
12 Leach (1996). The story is somewhat more complicated, since the inspi-

ration for medicine's change in this direction came just as much from a 
statistically orientated social science as an experimentally oriented 
natual science. See Matthews (1995). 

13 An analysis of the full range of psychology experiments comparing lay 
and expert performance on a variety of reasoning tasks is provided in 
Fuller (1993a: 106ff.). The general conclusion is that specializing in a 
content area does not necessarily increase one's powers of deductive or 
inductive reasoning. 

14 Collins (1991). 
15 Yeo (1993). Concerning Whewell's pivotal role in defining the scien-

tist's role, it is worth noting the etymological roots of 'theory' in theos 
(`god' in Greek). 

16 The locus classicus for this sentiment is Popper (1959), but it remains 
widespread even today. 
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4 

Science as 
Superstition: A Lost 

Martian Chronicle 

While researching a book on Thomas Kuhn in the Harvard Uni-
versity archives in May 1993, I stumbled upon a manuscript, The 
Martian Ultraviolet Paper on that Distinctly Human Superstition 
Called 'Science.' It seems that this report was part of an omnibus 
survey of Earthly devotional rituals. The Martian anthropologists 
wanted to determine the functions — both real and imagined —
served by these rituals. But how to go about it? In what follows, I 
paraphrase the contents of the report, occasionally inserting my 
own comments in parentheses. Apparently, the Martians 
intend(ed?) to intervene unobtrusively in our science policy forums 
to correct the 'errors' catalogued in this report. Since the report was 
designed exclusively for Martian consumption, it is rather brusque 
in dealing with matters that we tend to treat with considerable 
respect. Reader beware! 

The first thing our Martians realize is that 'science' refers more to 
an ideal form of Earthly inquiry than the way inquiry is normally 
conducted. Ideally, the scientist is concerned with the difference that 
the truth or falsity of a hypothesis makes to understanding why 
something happens the way it does. In practice, the ideal boils down 
to conducting a test by experimental means, whereby an 'experi-
ment' is a strategically made observation, one that often involves 
specially crafted machinery that focuses the scientist's mind on only 
the relevant features of the experimental situation. The ideal is most 
closely approximated in a highly controlled laboratory setting, 
which has somehow been deemed representative of a significant  

aspect of reality. The history of physics after the seventeenth century 
and of chemistry after the eighteenth century best match the ideal, 
but even then only if one allows for a certain generosity of spirit. 

After all, our Martians realize that they would be open to charges 
of tactlessness if they dared to ask exactly how physicists know that 
their experiments have significance that goes beyond the immedi-
ate research facility or, for that matter, their research programme. 
(Nevertheless, they cannot be blamed for noticing that physics is 
often taken to be the 'foundational' science upon which the other 
sciences build, and is even sometimes thought to have provided 
definitive answers to questions first posed by the pre-Socratic 
Greek philosophers 2500 years earlier, despite the fact that most of 
those Greeks would have regarded experimental physics research 
as too far removed from 'nature' to be taken seriously as a valid 
source of knowledge of reality.2) While this point flags the peculiar 
relationship that science in its idealized sense has to the actual 
history of science, it should not prevent the Martians from observ-
ing that most biological, and even social, scientists aspire to and, in 
some cases, simulate the ideal of 'science'. However, once the Mar-
tians have mastered the subtleties behind the Earthly definition of 
science, how should they set out to get at the social functions that 
this quasi-fictional entity has for humans? As we shall see, after 
considering an array of options, they decide on a reflexive social 
epistemology, that is, they apply the scientists' own standards of 
rationality to what the scientists say and do. 

The first possible strategy is to arrive disguised as a member of a 
group that is essential to reproducing the social order of science but 
traditionally marginal to its power structure. Depending on the 
exact criteria adopted, women, ethnic minorities, postdoctoral 
fellows and technical support staff would fall into this category. Not 
only would this disguise ensure anonymous treatment and an 
unselfconscious attitude on the part of those who wield power in 
science, but it would also enable the Martian to adopt the perspec-
tive, or standpoint, of someone who understands the system from 
the inside yet lacks a vested interest in the system's perpetuation 
under its current regime. Such a person would be especially well 
disposed to tell the difference between the merely habitual or 
forced and the genuinely desirable features of scientific activity.3  
(We shall exploit this interpretative strategy ourselves in Chapter 
6, when looking at Western science from Japanese eyes.) 
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But on second thought, our Martian travellers decide on a 
persona less prone to render the natives internally divisive and 
alienated. If Earthly devotion to science can be depicted as some-
thing that a well adjusted Martian might be inclined to do under the 
right circumstances, then humans may turn out to be much saner 
than they seem. Perhaps, then, science should be studied as if it 
were any other social practice in which humans engage. In that case, 
the anthropologists would not need to strain to translate such mys-
terious terms as 'objectivity' and 'rationality'. However, additional 
reflection leads the Martians to judge this strategy equally wanting, 
because humans — not least scientists themselves — normally incor-
porate a large element of the exotic in their image of science. For 
the well meaning Martian to make Earthly devotion to science 
seem to be an extension of common sense and everyday life would 
be to miss much of the point and fervour attached to these rituals. 
After all, science is unique in the resources and respect that are vol-
untarily concentrated on a few 'experts' by the many who have 
never ventured through the doors of a laboratory, and hence know 
science, at best, only through what are widely regarded as its 
`effects'. 

The Martians place particular emphasis on this last point. At the 
level of personal experience, it may be rational for professional 
scientists to believe in science, but less so for the public, given that 
their encounters with science are restricted largely to its purported 
`applications', be they medicines, machines or mathematics classes. 
Here religion provides a useful point of comparison: clerical auth-
ority is routinely complemented with doctrinal training for the 
faithful, which has periodically resulted in grass roots challenges to 
that authority, perhaps most notably in the Protestant Reformation 
of sixteenth century Europe. In contrast, although people receive 
enough technical training to operate machines, administer medi-
cine and use calculators, basic science education is not sufficiently 
pervasive and coherent to lay the foundations for a Reformation-
like movement 'from below' to develop against the scientific estab-
lishment. Rather, the situation is more like the Catholic Mass, in 
which competence as a worshipper does not extend to being quali-
fied for assuming the priest's role as the Mass's official celebrant. 
Whereas critics of religious orthodoxy have generally tried to 
reclaim what they regard as the religion's original meaning, critics 
of the scientific orthodoxy have often wanted to make a total break  
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with science, thereby reflecting their alienation from its mode of 
thought. There are many more `ascientists' (compare 'atheists') 
than scientific heretics.4  As for the attitudes of scientists them-
selves, aside from paying lip service to general science education 
and proposing some utopian schemes for its implementation, most 
seem resigned (content?) to receive public support that is not based 
on the public's direct access to what transpires in laboratories nor, 
for that matter, on any understanding of how science in the labora-
tory eventuates in the benefits claimed on its behalf. 

In this respect, our Martians concede, science reproduces key 
features of the modern nation-state that still, largely, underwrites 
scientific research: the stability of both rests on the public's willing-
ness to exchange direct participation in the political process for the 
promise of expert administration to their basic needs, or 'welfare'. 
Science extends its constituency of believers by extending its 
technological benefits, which are said to possess all the distinctive 
features of scientific knowledge — objectivity, reliability, utility, etc. 
— except a susceptibility to public intervention. All told, then, it 
would seem that because the average difference in the knowledge 
of the experts and the public in the case of science is much greater 
than in that of any organized religion, Earthly faith in science 
marks a degree of deference to authority that is unprecedented in 
human history. This unprecedented level of deference is rational-
ized by an analogy that humans implicitly draw between the 
inevitability of the physical division of labour and a supposedly 
corresponding mental division of labour. Thus, just as it is imposs-
ible for people to do everything for themselves in the manner of 
Robinson Crusoe, it is (allegedly) impossible for people to think 
for themselves in all cases. Under the circumstances, a sense of 
mutual 'trust' is elevated from a necessary evil to a positive virtue 
in a complex world.5  

At this point, our Martians anticipate that a human overhearing 
these ruminations may object that, in the case of religion, the public 
is usually indoctrinated into convenient falsehoods, or myths. For 
example, Christians are taught to take Biblical stories, if not as 
literal truths, then at least as directly applicable to their lives in 
ways that would probably cause discomfort to the average theolo-
gian. However, our Martian friends observe that the situation 
seems to be just a bit worse with regard to science. After all, not 
only the public, but also practising scientists themselves believe in 
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the myth of progress, whereby every scientific achievement is 
treated as an advance towards the 'Truth'. Indeed, scientists are 
typically more hostile than the lay public to the demystifying 
approach to science associated with an anthropology of science. 
This suggests that scientists may believe that progress is more than 
a myth, after all. An irreverent but not inappropriate analogy is the 
difference between telling children that Santa Claus does not exist 
and telling that to someone who thinks he is Santa. The latter case 
is tougher to make, so it may be a while before scientists realize that 
their metaphorical beards and paunches are false. 

By now, the Martians are showing signs of cross-cultural strain. 
Thus, they entertain a third and more radical option: instead of 
doing anthropology, why not do archaeology? Why not wait until 
humans annihilate each other — an inevitability, they reckon — and 
then sort through their curious scientific rituals in peace and quiet. 
(The advent of neutron bomb technology on Earth facilitates this 
possibility.) Given that humans believe that scientific knowledge 
not only transcends their devotional rituals but also underwrites the 
lasting achievements of their most advanced societies, it should be 
possible for Martians with an adequate command of the major 
Earthly tongues to reconstruct an ideal version of human civiliz-
ation by applying the best scientific theories in the appropriate set-
tings.6  One interesting Earthly objection to this strategy has been 
presented in the context of `uninventing' nuclear weapons, with 
engineers failing to transmit to the next generation the hands-on 
experience needed to build them.7  Thus, the atomic equipment pur-
chases made by some tyrant will be for naught if no engineers are 
available with experience in turning plutonium into bombs; a 
wishful thought, to be sure, one born of a robust belief in the sanc-
tity of what the philosophical chemist Michael Polanyi (1891-1976) 
originally called tacit knowledge.8  This scenario proposes that 
because the exact knowledge needed for assembling a nuclear 
bomb is not normally codified, it can be easily lost if not actively 
maintained. 

However, the history of technology on Earth demonstrates many 
cases of 'reinventing the wheel', by which one culture without prior 
contact with another culture constructs functionally equivalent 
devices, once having reached a comparable level of material and 
technical advancement. Given such cases, it would seem that if one 
were serious about uninventing nuclear weapons, one would need  
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to do more than eliminate the tacit dimension of building bombs. 
One would also have to eliminate much of what is written in today's 
physics and engineering textbooks, upon which bomb manufacture 
builds. What all this shows is that constructing nuclear bombs is 
really no different from constructing, say, automobiles. Originally, 
automotive knowledge also seemed 'tacit' because there were not 
enough functioning vehicles to determine how many different ways 
an automobile could be built. However, after an intense trial-and-
error period of about twenty years at the start of the twentieth 
century, many of the possibilities had been explored, and Henry 
Ford (1863-1947) had even discovered how to mass produce cars 
on an assembly line. Because international treaties ban the testing 
of nuclear weapons, humans have failed to see a similar routiniza-
tion of their manufacture, so it has been easy to conclude that the 
building of nuclear bombs requires special skills that can easily be 
lost.9  

So is archaeology the way to go, after all? Unfortunately, this 
tempting idea runs foul of the simple fact that, with no humans 
around, the Martians can never tell whether they have selected the 
right codified theories and applied them in the right ways. There is 
no guarantee that the best documented fields of scientific know-
ledge will turn out to be the most important for understanding 
science's pivotal place in human civilization. Much of scientific 
knowledge may have become integrated into ordinary personal 
habits and social relations. In other words, contrary to the myth of 
tacit knowledge, it is not that this knowledge could not be codified 
in principle; rather, as a matter of fact humans would have deemed 
it too obvious to mention on a regular basis. 

Only one anthropological strategy remains. The Martians will 
have to go to Earth and confront the humans with their own 
science-based standards of rationality. Humans are certainly used 
to being held accountable to standards they avow. Indeed, such 
accountability is itself an extension of the scientific method, as it 
judges what people say against what they do; in this case, what they 
say about the nature of science against the data of their behaviour 
in scientifi-cally relevant settings. Moreover, the genre of human 
literature known as 'science fiction' is populated with beings whose 
alien character comes from applying, not strictly alien standards, 
but rather humanly recognizable standards with a consistency 
rarely found among the humans themselves. (Imagine the person- 
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ification of science's superego, say, Mr Spock from Star Trek.) 
Among the advantages of this `Spockian' approach to Martian 
anthropology is that it avoids the main objection to science's ability 
to judge the rationality of native cultures. The Martians note that 
one of Earth's leading twentieth-century philosophers, Ludwig 
Wittgenstein, first speculated about the incomparability, or 'incom-
mensurability', of cultural standards after reading James George 
Frazer's The Golden Bough: a Study in Comparative Religion 
(1890-1915).1° Wittgenstein diagnosed the wholesale irrationality 
that Frazer observed in native magical practices in terms of Frazer's 
own failure to see that his scientific standard of rationality was not 
theirs. Indeed, the magnitude of the irrationality that Frazer 
detected across cultures can be traced to the parochialism of his 
own conception of rationality, one that failed to appreciate any con-
ception of the causal order other than the billiard-ball universe 
implied by Newtonian mechanics. However, Wittgenstein's objec-
tions would not apply in the case under discussion, since we are the 
natives who claim to be scientific. 

Moreover, by accepting our standards of scientific rationality at 
face value, the Martians realize that they cannot argue that our 
society exhibits a deep, 'adaptive' sense of rationality that tran-
scends people's avowed standards of rationality and hence explains 
what on the surface may appear to be irrational behaviour. In 
anticipation of what follows, the Martians observe that Earthly 
sociobiologists or neoclassical economists often seem to want to 
save the word 'rationality' by weakening its meaning beyond all 
recognition. Thus, 'rationality' becomes synonymous with what-
ever happens to eventuate in a community's long-term survival, 
regardless of what the people who constitute the community think 
they are doing or feel about it. However, our Martians refuse to 
succumb to this semantic legerdemain. In fact, they are inclined to 
reverse the causal arrows here: that is, to explain the persistence of 
subverted rationality in terms of sublimation rather than transcen-
dence. Thus, our Martian friends rely heavily on what social psy-
chologists call adaptive preference formations: mental mechanisms 
that enable humans to tolerate and rationalize the suboptimal 
states that result from their failure to abide consistently by the 
norms of scientific rationality (which includes, of course, their 
failure to realize that they have so failed).11  

So, armed with their new anthropological strategy, the Martians  
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begin in a way perversely reminiscent of Frazer: is humanity's faith 
in science superstitious? The anthropologist Bronislaw Malinowski 
(1884-1942) used 'superstition' as a technical term for the tendency 
of natives to assume a necessary causal connection between two 
events that occur in close spatial or temporal proximity to each 
other.12  Consider the case of natives who believe that their dancing 
leads to rain. Anthropologists were quick to observe that even in 
these extreme cases, the natives timed their dancing so that it cor-
related with more direct indicators of the onset of rain. In other 
words, the success of the rain dance was usually determined by 
these other events. While the rain dance was clearly superstitious 
when taken on its own terms, its persistence as an institution could 
be explained by its relationship to other causally relevant factors, 
not least ones contributing to a sense of solidarity among the 
natives themselves. 

The Martians now propose to turn this sort of analysis on science. 
The first step is to take stock of the two most general philosophical 
orientations to knowledge, relativism and realism.13  Curiously, 
these complementary world-views seem to be founded on dubious, 
if not strictly fallacious, reasoning. Their pedigrees can be traced 
to the history of religion. In this context, relativism meant that 
God is already within each creature, whereas realism implied 
that God is the goal towards which all creatures strive. In science, 
the relativist argues that the beliefs and actions of native cultures 
serve functions comparable to ones in a scientific culture, so the 
natives must be rational because scientific culture certainly cannot 
be irrational. The Martians note that this is an interesting strategy 
for insulating one's own culture from critical scrutiny, which works 
by refusing to spot errors in other cultures lest similar errors be 
spotted in one's own. Earthly philosophers call this strategy the 
principle of charity. In contrast, the realist argues that the familiar 
story of scientific progress would be a miracle if scientists were not 
in the process of getting closer to the nature of reality. Of course, 
the Martians observe, the realist fails to observe that a story with 
such odds one way or the other is probably just false, or at least not 
properly told. The strategy here seems to be to impoverish the 
imagination of alternative accounts of the history of science so that 
one has no choice but to believe in the truth of the one remaining 
account. Philosophers dignify this strategy with the name transcen-
dental argument. 
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In their attempts to navigate between the Scylla of charity and 
the Charybdis of transcendence, our Martians think that a more 
direct approach would be to enumerate the ways in which contem-
porary science policy reproduces five traditional categories of 
religious thought: mystery, soteriology, saintliness, magic causation, 
and theodicy. These categories have been subject to extensive cross-
cultural study as instances of rationality slipping into rationaliz-
ation.14  In each case an element of superstition is involved which 
obscures the causal mechanisms relevant for understanding a range 
of social phenomena. 

Science as Superstition 49 

Yet the mystery of scientific knowledge runs still deeper, in a way 
that may be summed up as the military—industrial metaphor. This 
metaphor fuses two countervailing ways of talking about know-
ledge that humans employ interchangeably and without much dis-
tress. The military side of the metaphor represents knowledge as 
inquiry, which is to say, a goal-oriented activity whose target is the 
`Truth' about one's domain of inquiry. Inquirers approximate this 
target to varying degrees. Since the target is typically taken to be 
hidden from view — 'behind the appearances' — no one ever scores 
a direct hit. Yet, since the times of the ancient Athenians, inquirers 
have been judged by the artfulness of their strategies and tactics. 
Education, from this angle, is target practice of a rather abstract 
sort that calls to mind the spirit of gamesmanship in which, to this 
day, humans often take examinations. In its military guise, know-
ledge is leisured, sporting, and crafty, revealing as much incisive-
ness with as little effort as possible. An 'elegant' mathematical 
proof is, perhaps, the paradigm case of this conception of scientific 
knowledge. 

By contrast, the industrial side of the metaphor refers to know-
ledge as a laborious process that displays much handiwork and 
issues in products of various sorts, usually with the understanding 
that more of them is always better than fewer. Indeed, from the 
industrial angle, knowledge is indefinitely accumulated. Here edu-
cation becomes a form of craft apprenticeship, whereby one 
acquires the tools and skills needed to produce more knowledge 
products, not to mention more knowledge producers. The oppos-
ing pulls of the military and industrial sides of the metaphor can be 
numerically represented in terms of the distinction between inten-
sive and extensive magnitudes: that is, the difference between 
approximating an end to varying degrees and increasing a dimen-
sion without an end in sight. 

The denizens of the original Western universities — the thir-
teenth-century. scholastics lecturing at Paris and Oxford — first 
experienced the tension inherent in the military—industrial 
metaphor as they sought to recover an essentially aristocratic 
rhetoric of inquiry (epitomized in the Socratic dialogues) to legiti-
mate what had become a highly technical form of manual labour, 
specifically one based on writing. Needless to say, this tension has 
only become more pronounced since that time, as the development 
of both sides of the metaphor has stretched it to bursting point. On 

 

   

Mystery 

This is the paradox of science being both everywhere and nowhere 
at the same time. Humans have a hard time deciding whether sci-
ence is only an elite and perhaps declining feature of their society 
or the ether in which all of human society transpires. On the one 
hand, most public and private institutions do not spend more than 
2-3 per cent on research and development, and since the end of the 
Cold War science enrolments have generally dropped. On the other 
hand, if one counts all the jobs that require some level of scientific 
or technical training, then it would seem that 40 per cent of the 
workforce is, as they say, `knowledge-intensive'.15  Some pundits 
have gone so far as to claim that scientific knowledge is the primary 
factor of production in today's economy. But on closer inspection, 
`science' here seems to operate as a `god of the gaps': specifically, 
whatever it takes to explain why the same amount of labour and 
capital now enables more work to be done than ever before.16  For 
example, if Japan outproduces Britain, it is thought to be because 
the Japanese 'know' something that the British do not. However, 
there is little agreement on what it is that the Japanese know, how 
they know it, or whether the British would appreciably improve 
their economic position by mastering this knowledge. Armed with 
such a subtle yet pervasive conception of scientific knowledge, 
humans are then able to focus on differences in qualities of mind 
and ignore explanations that appeal to more mundane features of 
social, political, and economic relations. The narrowness of this 
conception is often masked as humans nowadays tend to fall back 
on the politically correct word 'culture' to characterize supposedly 
salient differences between, say, the British and Japanese 'minds'. 
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the military side, the goals of inquiry and society have been fused 
together in a generalized doctrine of progress whereby the ultimate 
scientific theory would deliver the means for governing the ideal 
society. On the industrial side, great science has been increasingly 
identified with Big Science, as if success at securing funds for an 
expensive research project were itself an indirect indicator of the 
project's potential contribution to scientific knowledge. When 
appealing for public support, scientists like to conflate the two 
images, typically by presenting a torrent of publications as evidence 
for their closing in on the fundamental principles of the bit of reality 
to which they lay claim. 

However, the global consequences of these attempts at playing 
off the latent contradictions of the military—industrial metaphor are 
self-defeating. While there is evidence that the nations with the 
lion's share of research funding generate an even larger share of the 
total number of scientific publications, there is also evidence that 
each additional increment in research investment advances the 
frontiers of knowledge a little less than the previous one. In other 
words, accelerating the rate at which scientific publications are pro-
duced is perfectly compatible with decelerating the rate at which 
agreement is reached on the solutions to a field's fundamental 
problems." The overall image of the dynamics of scientific inquiry, 
then, is one of a goal that seems to recede the more vigorously it is 
pursued. Tantalus would have appreciated the ruse!111  

Soteriology 

These are the stories that make science the key to human salvation 
by presenting the peculiar history surrounding the rise of Western 
science as a blueprint of stages through which all aspiring cultures 
must pass. Interestingly, this idea has had enormous cross-ideologi-
cal appeal. Entrepreneurial capitalists claim that science inspires 
the innovations needed to expand and restructure the market, 
whereas Marxist socialists believe that science-based technologies 
will level class divisions between labour and management, and 
enable an adequate provision of goods and services for everyone. 
Nevertheless, both sides agree that science is the only feature of 
human culture that has made irreversible progress.19  However, 
contrary to these sentiments, non-Western cultures that remained 
uncolonized by the West have eclectically mixed scientific and  
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native practices in ways that confound the image of a universal 
blueprint for scientific progress. Japan's meteoric rise to global 
prominence after centuries of isolation proves to be the object 
lesson, which in turn caused Western historians to rethink the exact 
source of science's power. (We shall explore the implications of this 
point in Chapter 6.) 

The fact that polar ideologies can take comfort in the history of 
science suggests that there is more to the history than meets the eye. 
Take the natural sciences' moment of epiphany, the 'Scientific 
Revolution' that allegedly occurred in northwestern Europe in the 
seventeenth century. Given its purported trans-historical signifi-
cance, it is rather striking that it went unnamed until the 1940s 
(when it appeared in the writings of Herbert Butterfield and 
Alexandre Koyre), and that, even to this day, its exact time of 
occurrence remains contested, since two centuries passed before 
the experimental practices of Galileo, Boyle, and Newton were 
made a regular part of university education.2° This suggests that the 
scientifically devout are resorting to the time-honoured literary 
device of syncretism, whereby historical events significantly sepa-
rated in time and space are collapsed into one continuous episode 
— an extended present — in order to heighten their collective 
momentousness. The extended present is often captured in the 
image of the past as the womb bearing the seeds of the present. This 
is the doctrine of hysteresis, which is exemplified by the influential 
view of science as driven by paradigms, put forth by Kuhn. Each 
paradigm is named after its founder, such as Newton, Darwin, or 
Einstein, and scientists' sense of self seems to be guided by the 
image of their standing on the shoulders of one or more of these 
giants, to paraphrase Newton. 

For example, according to one influential view, the 'rationality' 
of science lies in the personal biases of scientists miraculously can-
celling each other out through long term interaction. As Popper 
famously put it, each scientist is his own conjecturer and his neigh-
bour's refuter. However, the 'long term' turns out to put a perverse 
spin on Popper's dictum, as increased investment in unrefuted 
science makes any subsequent refutation more expensive to lodge. 
Thus, 'progress' in science can be most easily discerned in a field 
such as high-energy physics, in which so much has already been 
invested in a specific research trajectory that it is no longer feasible 
to question the wisdom of its continued pursuit. Our Martian 
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friends are struck by the strangeness of a supposedly 'universal' 
form of knowledge whose pursuit is increasingly restricted to the 
wealthier peoples of the world. But even in these wealthy nations, 
science students have found — in the absence of war or some other 
national emergency — that their suitability for employment is no 
greater than that of their humanistic colleagues. In both cases, 
about 35 per cent find work related to their academic training.21  
However, whereas one frequently hears complaints about an over-
production of humanists, the surplus of scientists making their way 
into non-scientific jobs is applauded as a testimony to the 'versatil-
ity' of scientific training and the rationalization of society that is 
heralded by this diffusion of scientific talent. 

`Cross-disciplinary fertilization' turns out to be a hopeful way of 
talking about the fact that universities always lag behind changing 
job markets by producing many scientists who need to find work in 
fields other than the ones in which they were trained. Admittedly, 
sometimes this has led to the establishment of new disciplines, as 
in the case of the ambitious young German physiologist, Wilhelm 
Wundt (1832-1920), who migrated to philosophy to found the 
science of experimental psychology by adapting medical instru-
ments to test hypotheses about the relationship between mind and 
body.22  However, the Martian anthropologist wonders whether this 
science would have emerged without the labour market problem 
and, more pointedly, whether much would have been lost without 
its emergence. Indeed, it would be interesting to record the reac-
tion of scientists who are confronted with these accounts of the 
unintended benefits that their otherwise undesirable actions 
bestow on their colleagues. 

Saintliness 

Because success in science is always elusive, scientists dedicate them-
selves unconditionally to their vocation. Such devotion even figures 
in how economists rationalize the fact that the salaries of distin-
guished academic scientists are, on average, not much higher than 
those of undistinguished ones.23  They presume that devotion is its 
own reward, with the distinguished scientists manifesting more of it, 
in lieu of income. But under the Martian gaze, this economy of the 
spirit appears itself to be elusive. Might not a simpler explanation for  

Science as Superstition 53 

the small salary spread be that the 'less distinguished' scientists excel 
in teaching and/or administration, whereas the 'distinguished' ones 
are devoted exclusively to research? One's own sense of sacrifice 
may strike another as a principled refusal to violate one's sense of 
self-interest. At the very least, it suggests that 'scientist' is, strictly 
speaking, less a category of employment and more a state of mind 
about how one's employment is regarded. 

One species of the sacrificial scientist, the genius, typically con-
founds all expectations by making an extraordinary discovery while 
working under adverse intellectual and financial circumstances. 
Indeed, humans appear hard-pressed to identify any genius who did 
not suffer hardship, be it prior neglect or scanty material resources, 
although that biographical fact is officially irrelevant to what makes 
someone a genius. Nevertheless, tales of the fame and rewards ulti-
mately bestowed on such people motivate scientists who would 
otherwise be deterred by their low probability of success. Econo-
mists have even tried to formalize the extent of this success by 
deeming scientific knowledge a 'public' or 'ethereal' good, which 
means that the only real effort is expended by the person(s) who 
make a scientific finding, whereas the originator's successors can, in 
principle, use that finding without having to expend comparable 
effort. The Martians immediately observe that this analysis con-
veniently leaves out the expense incurred by consumers in acquir-
ing the background knowledge needed to make use of the genius's 
discovery.24  By luring people in this fashion, science ensures a more 
competitive pool of talent, as the rate of scientific success does not 
appreciably increase by more people participating in it: if anything, 
it drops.25  

If the best scientists willingly sacrifice themselves, the rest are 
helped on to the sacrificial pyre by government funding policies 
that are functionally equivalent to the triaging of medical services. 
The scientists favoured are the ones most likely to accomplish big 
things in the shortest time. The tendency of taking from the strong 
to compensate the weak that is characteristic of distributive justice 
appears to have no place in science policy. Scientists' training, first 
appointments, and publications are remarkably good indicators of 
their prospects as published researchers. Consequently, many 
policy makers have gone so far as to argue that 'the man' [sic] rather 
than the project should be the basis for science funding decisions. 
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Unfortunately, this policy fails to distinguish between rewarding 
and reinforcing scientific endeavour. Precious resources are tied up 
in scientists persisting in the same pious rituals that first brought 
them success. Instead, our Martians think, it should be possible to 
reward scientists for past achievement without encouraging them 
to pursue the same line of research in perpetuity. What all this 
shows is that, regarded as a system of personal ethics, science does 
an excellent job of reminding its practitioners (and the public) what 
it is like to be perfect but offers little guidance on how to improve. 
(These career-related issues will be considered in more depth in 
Appendix 2 to this report.) 

This section concludes with some remarks 'for discussion only' 
on the proposition that the 'uneven development' between the 
advance of cutting-edge research and its assimilation by the rest of 
the human population could be ameliorated by removing science's 
last social prejudice, namely, its tendency to set admission require-
ments that favour those who appear most intelligent on the basis of 
standardized aptitude tests and various measures of academic per-
formance. Science would better earn its reputation for producing a 
`universal' form of knowledge, our Martians hypothesize, if into its 
ranks were incorporated a wider spectrum of Earthly intelligence. 
After all, if part of the point of doing science — especially in its 
experimental mode — is to check taken-for-granted preconceptions, 
then this principle should be applied across the board, including 
science itself, especially its tendency for those 'in the know' to 
dismiss a speculation out of hand because it conflicts with what the 
experts currently take for granted about the domain of reality that 
they administer. Indeed, one way of interpreting the 'saintliness' of 
geniuses like Newton and Darwin who laboured hard against per-
ceived resistance to their ideas is that they could not quite grasp 
why the 'obvious objections' should be taken as decisive, and hence 
they persisted in lines of inquiry that a more 'clever' scientist would 
have avoided at the outset because they could 'instantly see' that it 
would amount to naught. Admittedly, both Newton and Darwin 
were never explicitly told that they were too dull to make revol-
utionary breakthroughs in science; but then the current educational 
selection mechanisms for who becomes a scientist were not yet in 
place. Of course, since humans started to preselect people for scien-
tific careers, there have been no geniuses of the calibre of Newton 
and Darwin (if any): spurious correlation — or not? 
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Magic Causation 

`Action at a distance' is behind the idea that the sheer addition of 
scientists or their (highly cited) publications will automatically 
increase overall human technical capability or, better still, human 
welfare. The magic works by examining the 'impact' of scientific 
research over such an expanded time frame that the most arcane 
physical theory can be shown to have,issued in the most mundane 
practical products; hence, Newtonian mechanics is alleged to have 
`caused' the Industrial Revolution a hundred years later. But rather 
than see this as an argument for making the link between theory 
and practice tighter, it is read as more reason for continuing to keep 
them apart, as the mere intent to be practical is thought to vitiate 
the spirit of honest inquiry. Strangely, the humans never ask the 
counterfactual question of whether the Industrial Revolution might 
have occurred even without Newton's great discoveries.26  Corre-
spondingly, they do not ask whether the call for additional research 
may be a way to delay the implementation of certain policies of 
social change, as when tobacco and chemical companies devote 
enormous sums to conduct ever more thorough scientific studies on 
the toxicity of their products. In short, the motto of the scrupulous 
scientific methodologist — 'Correlation is not causation' — can be 
taken in a Machiavellian manner as a recipe for political procrasti-
nation. 

Our Martians are intrigued by the extent to which humans will 
focus on the funding of innovative, even 'blue sky', research, while 
simply take for granted that these innovations will somehow 
become readily available to society at large. This tendency also 
operates retrospectively. Consider the case of Alfred Nobel 
(1833-96), the Swedish inventor of dynamite who, in his will, 
endowed what have become the most prestigious annual awards for 
scientific achievement. Nobel specifically stipulated that the prizes 
bearing his name should be given to those whose works have most 
benefited humanity, yet the prize committees consist of disciplinary 
specialists who mainly reward research that has had major impact 
on themselves and their colleagues. But even historians, especially 
when they cover wide spatiotemporal expanses, tend to presume 
that once a scientific discovery has overcome its original academic 
critics, it thereby becomes a publicly accessible domain of know-
ledge. All of this invites expectations about the instantaneous 
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reception of contemporary scientific developments, which, when 
they fail to materialize, lead policy makers to proclaim that their 
societies have entered a decadent, anti-scientific phase. It would 
seem that this particular form of alarmism could be arrested by 
ensuring that general histories of science cover not only successive 
research frontiers but also the long struggles surrounding science 
education, publication, and application. These are less glamorous 
topics perhaps, but ones more relevant to a rational science policy. 

Magic causation is brought out very nicely in two sorts of ques-
tions that scientists often pose when the unconditional authority of 
their knowledge is challenged: 

1 Why do humans trust aeroplanes to deliver them unharmed to 
their destinations? 

2 Why do humans recoil from the prospect of walking out of win-
dows in skyscrapers? 

Sincere answers to both questions are supposed to reveal the extent 
to which people take for granted the validity of science in their 
everyday activities. 

In the case of 1, to the extent that the average human has any 
knowledge of what keeps an aeroplane in flight, that knowledge 
probably relies on basic principles of aerodynamics, most of which 
were known by the early nineteenth century, if not earlier. 
However, this immediately raises the question of whether the 
people holding these beliefs can explain why it then took another 
century before reliably airborne craft were in general circulation. 
As it turns out, people have little or no knowledge of the feats of 
engineering required, which, in many cases, have been achieved 
without any deep knowledge of the relevant physical principles. 
The Wright brothers, who finally succeeded in producing the first 
heavier-than-air craft in 1903, worked in a bicycle shop in Dayton, 
Ohio.27  Even today, an aeroplane flies because of a coordinated 
network of operations that involve the skill of engineers, pilots, 
ground support staff, and many others, with physicists found only 
at the periphery of these activities. The failure of any of these 
people to behave as expected can subvert the aeroplane's flight. In 
practice, then, the regular use of aeroplanes as a mode of transport 
is implicitly (that is, from the Martian standpoint) a ratification of 
a belief in the stability of these social relationships. Knowledge of 
aerodynamics may work, at a pinch, to explain the workings of an  
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aircraft, if one lacks any specific knowledge of its production team 
or flight record, but to reduce the airborne capabilities of such a 
craft to the 'application of science' is as much wishful thinking and 
hand-waving as claiming that an 'infusion of the Holy Spirit' is 
responsible for its airworthiness. At most, both explain why certain 
possibilities are ruled out by nature but not why the actual case is 
ruled in. Thus, our Martians conclude, the fact that humans appeal 
to science to justify their beliefs is not sufficient to render those 
beliefs rational. 

In the case of 2, it is true that humans refer to a force called 
`gravity' to explain why they do not routinely walk out of windows. 
However, the idea that things heavier than air tend to fall to the 
ground is one that humans picked up early in their collective exist-
ence, probably as a prerequisite of their continued survival. 
Modern physical science is, historically speaking, a johnny-come-
lately to this primordial insight. The novelty, if not eccentricity, pro-
vided by physics lies exclusively in the explanation it offers for the 
insight. Indeed, when people are asked to explain what they mean 
by 'gravity', they are likely to speak in a way that is more remi-
niscent of Aristotle than Newton, let alone Einstein. In other 
words, they conceive of gravity as very much an Earthbound force, 
and not a universal principle of physical attraction. The implicit 
difference between scientists and non-scientists on this point can be 
readily understood in terms of the two groups using rather differ-
ent categorical schemes to classify phenomena. Whereas the physi-
cist wants an account of physical force that can encompass all 
moving bodies, both on Earth and in the heavens, the aspirations 
of the average human are much more modest, and hence much less 
abstract. Even when non-scientists have been schooled in the scien-
tific ways of explaining their experiences of falling bodies, they 
revert to their old ways once out of the classroom, since they fit 
more intuitively into the world they inhabit on a daily basis.28  

Although scientists routinely deplore this intellectual recidivism, 
they may do better to take a page from the history of social science 
and acknowledge that the stability of social life persists even after 
a belief in social 'laws' and 'forces' has disappeared, and that maybe 
the quoted expressions reflect more a value preference on the part 
of scientists than a brute fact about what scientists study.29  Here we 
see very clearly the extent to which magic causation reflects a kind 
of methodological ventriloquism, whereby scientists frequently 
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project their descriptive and explanatory categories upon an indif-
ferent reality and an unobliging public. 

Theodicy 

This is literally the attempt to fathom God's sense of justice. 
Applied to the case at hand, it is the widespread human belief that 
even the most loathsome features of science, if they persist long 
enough, must have some redeeming value. From the earliest days of 
Christianity, there have been speculations about how each creature 
and event functioned in the divine plan. Indeed, starting with St 
Augustine (AD354-430), events that appeared to do much harm and 
little good were taken to be signs that the ends of Creation were 
ultimately beyond human comprehension. The more intellectually 
ambitious natural theologians then turned to theodicy to study how 
apparent liabilities — such as monstrous births, natural disasters, 
and human atrocities — may be seen as contributing to an overall 
picture of ours being 'the best of all possible worlds', the only kind 
of world that an omnipotent and omnibenevolent God could 
create. By the late seventeenth century, as much of this theorizing 
began to lose its theological baggage, philosophers like Gottfried 
von Leibnitz (1646-1716) spoke of the economy of nature, gov-
erned by the principle of sufficient reason. This principle enjoined 
the inquirer to seek the end that would be served by a given event, 
if we presume that the event is part of the most efficient means to 
that end. In short, one was to rationalize the event as a 'means' 
rather than to question it as an 'end'. 

To be sure, the Leibnitzian inquirer was satirized as Dr Pangloss 
in Voltaire's Candide (1759). Pangloss simply assumed that there is 
a point to everything that happens and that any alternative action 
would have been worse. This sentiment would continue into the 
nineteenth and twentieth centuries in the guise of 'functionalist' 
and 'evolutionary' thinking. Supposedly, there is something 
charmed about the mere existence of stable social or biological 
systems, even when these systems maintain their 'equilibrium' at 
the cost of the oppression, waste, and death to some of their parts. 
Whoever's ends may be served by this process, they are most cer-
tainly not those who must bear the burden of these 'costs'. But then, 
whose ends are served? 'Spirit' and 'life' acquire rhetorical force 
here, as they seem eligible to subsist through a succession of 
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expendable and replaceable material parts. More mechanistic 
thinkers, ranging from Herbert Spencer (1820-1903) to Herbert 
Simon (b. 1916), have put the point less metaphysically, claiming 
that evolution is the story of how organisms come up with increas-
ingly more sophisticated means to achieve the same old ends. But 
here, too, 'ends' remains radically underdefined, typically glossed 
by an empirically self-fulfilling term such as 'survival'. 

Nowhere is this last point more evident than in contemporary 
philosophical accountings for science, especially the so-called 
invisible hand account.3° The basic strategy here is to account for 
scientific progress in terms of the spontaneous self-interested trans-
actions of scientists, which over time have been conventionalized 
as peer review. Implicit in this view is a relatively abundant and 
unregulated material environment for science. Peer review works 
not only because scientists have an interest in criticizing each other, 
but also because the scientific community is sufficiently endowed to 
enable scientists to receive exactly the resources that their peers 
deem their research to merit. The Martian observers then ask, has 
science reached an optimal level of deregulation? Would an even 
more invisible hand produce still better science? 

Given the rarity with which humans pose these questions, it 
would seem that appeals to the invisible hand are indeed tanta-
mount to a rationalization of the status quo. By contrast, a princi-
pled libertarian like Paul Feyerabend (1924-94) wanted to push 
invisibility to the limit.31  He anticipated that the next step in the 
deregulation of scientific inquiry would be the decentralization of 
the science funding apparatus, preferably by curtailing the state's 
ability to concentrate wealth through taxation. Only a policy 
environment that is insulated from democratic processes, Feyer-
abend reasoned, would tolerate a research programme whose sur-
vival depends on monopolizing the material resources available for 
inquiry. For example, no one ever put the scientific `megaprojects' 
of our time — including the Superconducting Supercollider and the 
Human Genome Project — to a formal vote of either the populace 
or, for that matter, the scientific community. The US Congress 
funded both projects with taxpayers' money, simply on the basis of 
elite, and often self-serving, scientific testimony. 

The Martians then offer some historical perspective on this point. 
One may believe that the Charter of the Royal Society of London 
in 1660 marked the beginning of a spontaneously self-organizing 
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system of inquirers, yet the intellectual descendents of the Royal 
Society's founders may have become victims of the advantages that 
the natural sciences have accumulated over the past 350 years. 
Specifically, as the sciences have participated in the material repro-
duction of society, scientists have lost not only the flexibility to 
change their own research trajectories on the basis of peer criticism, 
but also a sense of tolerance for many competing trajectories. Too 
much else is at stake for scientists to judge knowledge claims on 
their merits alone. Hence, Feyerabend's policy advice: today's 
scientists should not inherit the accumulated advantage of their 
precursors, even if that means divesting support for research pro-
jects currently touted by the elite members of the scientific com-
munity. 

Conclusion and recommendations 

Appealing to scientific authority has proved to be the most palat-
able means for democratic governments to coerce the people of 
Earth. However, these governments are now saddled with enor-
mous budgetary deficits, mostly arising from the need to buffer the 
effects that rapidly changing economic conditions have on their 
constituency. Under these circumstances, it is easy to see why the 
USA finally abandoned plans to construct the world's largest parti-
cle accelerator, the Superconducting Supercollider, despite its 
promise "to uncover the ultimate building blocks of matter. The 
Martian anthropologists then wonder, what if this is only the begin-
ning of a trend towards governments divesting their financial inter-
est in the education and research of the scientific community? 

They conclude that this would be equivalent to secularizing 
science, in the sense that Christendom was secularized when the 
emerging nation-states of Europe in the seventeenth century 
refused to grant a single Church special economic and political priv-
ileges. This led to a period of evangelism, in which religious believ-
ers competed to attract believers who would materially sustain their 
efforts.32  Analogues of such proselytizing efforts can already be 
seen among the defenders of New Age knowledges who broadcast 
their Infomercials' on late-night cable television. They promise 
custom-made enlightenment at a price (of a video, a book, or a 
therapy session). In the next few decades, we may find IBM or Shell 
Oil publicizing their virtues in terms of the major projects in 

high-energy physics or molecular biology they have supported, 
which may be used to excuse whatever political or ecological indis-
cretions were involved in their support. It will be interesting to see 
the role that will be played by all those disappointed natural science 
degree holders who were misled into thinking that there was a 
market for pure inquiry. 

Opponents to the secularization model argue that science's 
demonstrated ability to transform the material world far outstrips 
that of organized religion, and that this difference warrants the 
exalted status that science continues to enjoy. This argument seems 
intuitively persuasive to humans because they tend to mismatch the 
features of 'science' and 'religion' under comparison. Taken in 
isolation, the laboratory touted as the original site of a scientific 
discovery has no more transformative capacity than a cathedral 
where High Mass is regularly held. The laboratory becomes an 
Archimedean lever capable of moving the world only once we 
add other laboratories, as well as the political and economic 
clout needed to convert the laboratory's eccentric events into 
well founded, mass-produced technical knowledge.33  Indeed, the 
denizens of Christendom are best compared with those putative 
inhabitants of an 'information society', as suggested earlier in the 
discussion of science's 'mysterious' character. 

A proper comparison between religion and science would have 
to start with a world religion: one with a network of spiritual and 
material resources comparable to those of science. One must then 
take care not to beg the question by supposing that the techno-
logical feats of, say, Christian and Muslim cultures resulted from 
their having 'implicitly mastered' scientific principles, especially 
ones that would become fully known only after the Scientific Revol-
ution. That way of putting matters makes no more (and no less) 
sense than claiming that contemporary scientific achievements in 
physics and chemistry are moments in the revelation of God's 
Word. Indeed, the heroes of the Scientific Revolution were them-
selves inclined to explain their virtuosity in science by their virtu-
osity in religion, and not the other way around. Moreover, such 
explanations continue to thrive in the avowedly pro-scientific 
environment of Islamic fundamentalism. At a deeper level, the very 
idea of comparing the efficacy of religion and science may seem 
perverse, since many of the same people, institutions, and bodies of 
knowledge have been involved in the two activities. The difference 
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between the practice of something called 'religion' and something 
called 'science' would seem to lie in the reasons given for pursuing 
the practice as well as the conditions under which it is pursued. 
With respect to these issues, our understanding of religion is much 
better than our understanding of science. The secularization model 
enables the Martians to use the history of religion to make sense of 
the future of science. On that basis, they envisage humans embark-
ing on a second Enlightenment, one in which science continues to 
enjoy popular support even after, like Christendom, its sacred 
status and state support have been removed. 

It would be interesting, in future research, to pursue a compari-
son of the 'disunity' of scientific disciplines and the emergence of 
multi-denominational Christianity. It has been argued that when 
Europe was united as 'Christendom', contradictory elements of 
Church doctrine — such as the idea that the One True God consists 
of 'three persons' — were neutralized in practices that stressed 
different elements on different occasions. However, with seculariz-
ation came the elimination of many of these buffering practices, 
which in turn served to make the doctrinal contradictions appear 
stark and irresolvable.34  Similarly, if the end of state funding for 
science were to end the perception of a unified conception of 
science, the fact that the physical, life, and social sciences operate 
with fundamentally different aims and orientations would perhaps 
rise to the surface to become a point of public contention. In any 
case, the public already seems to have an instinctively clearer sense 
of such cross-disciplinary differences than practising scientists who, 
despite their clear theoretical and methodological differences, con-
tinue to talk in terms of a 'Science' common to them all. Indeed, 
what scientists often see as the public's 'confusion' about the nature 
of science may simply be the public's recognition that there is no 
`nature' to science. 

Appendices 

The Martian Ultraviolet Paper contains two appendices. The first 
consists of an examination of the four organizational norms of sci-
ence proposed by Robert Merton (b. 1910).35  The Martians 
describe Merton as a 'sociological scholastic' for having derived the 
norms, not from any first-hand observation of science in action, but 
from the authoritative testimony of the most esteemed scientists  
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and their philosophical well-wishers. (Imagine a sociologist deriv-
ing the norms of religion by looking exclusively at the pronounce-
ments of priests and prophets.) The second appendix concerns an 
analysis of the peculiar history of the Science Citation Index, which 
our Martian friends portray as a relatively primitive information 
search technology that has managed to become a standard of scien-
tific performance and a symbol of the so-called Knowledge Society 
that Earthbound intellectuals generally seem to think they inhabit. 

Appendix 1: The Mertonian norms 

The Martians begin by reminding the reader that, as their dis-
cussion of theodicy has shown, humans suffer from profound value 
confusion on matters relating to science. Basically, we stand 
accused of excusing any stable pattern of scientific behaviour by 
manipulating the frame of reference within which its effects are 
regarded. The Martians thus propose to show that Merton's famous 
norms can be read in a diabolical light simply by shifting the frame 
of reference from the scientific community as such to the larger 
society in which that community is embedded.36  They want to show 
that the norms may indeed pick out real aspects of science, but that 
these aspects could be just as easily presented in ways that would 
strongly discourage a society from fostering the pursuit of science. 
Whereas Earthbound sociologists have stressed the failure of 
Merton's norms to exert any determinate force on research prac-
tice, because they can be used to justify opposing courses of action, 
the Martians argue that the relevant indeterminacy pertains not to 
the force of the norms as such but to whether that force is inter-
preted as good or bad.37  They then suggest that further research 
into this matter must examine the mechanics of the educational 
system, so as to explain how both professional scientists and the lay 
public acquire a positive rather than a negative 'spin' on the norms. 
The Martians encapsulate their results in Figure 4.1. The normative 
underdetermination of science refers to the fact that the same scien-
tific norms can be given alternatively valued spins, according to the 
context in which they are regarded. An explanation of this point for 
each of the four norms follows. 

According to the norm of universalism, science is not culturally 
specific but contains truths both by and for all people (as opposed 
to claims that have been made on behalf of, say, 'Aryan science'). 
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Merton's positive spin Martian negative spin 

Universalism Cultural imperalism 
Communism Mafiosism 
Disinterestedness Opportunism 
Organized scepticism Collective irresponsibility 

Figure 4.1 The normative underdetermination of science. 

Aside from Merton's own appeals to the pronouncements of inter-
ested parties (namely, leading scientists and philosophers of 
science), what might be cited to support the presence of this norm? 
Natural scientists from all over the world must, and do, publish in 
the same group of overwhelmingly anglophone journals located in 
the USA and the United Kingdom. By contrast, in the social sci-
ences, there is not the same agreement over the most important 
journals. Scholars in these fields tend to publish in journals that are 
aligned with their specific national and cultural interests. Although 
this practice makes the social sciences seem more provincial, it also 
escapes the cultural imperialism that passes for universalism in the 
natural sciences. If 'imperialism' seems too strong a word, consider 
how scientists from the Indian subcontinent endure a cognitive 
schizophrenia comparable to that of Indian civil servants during 
British imperial rule.38  Thus, at least some Indian physicists assign 
certain culturally specific meanings to terms in the 'universal' lan-
guage of science that are edited out of their formal communi-
cations. A good example of this process concerns the word 'facility', 
officially a term for the place where a major piece of scientific 
apparatus is housed, but also a colloquial way of referring to a 
toilet. Ethnographic studies of the conversations of Indian physi-
cists reveal that this double entendre is quite useful for members of 
the elite Brahman caste (from which most physicists come) to 
subtly express their disdain for the grubbiness of laboratory work.39  
No doubt, were this attitude to enter the public record of science. 
many Westerners who consider experimentation to be the lifeblood 
of science would be up in arms and wonder whether their Indian 
colleagues were practising science in 'good faith'. At that point, the 
natural sciences would start to acquire the sectarianism that char-
acterizes the social sciences. Luckily (at least for science), self-
censorship is the mark of competence in an imperial regime. 
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Merton also held that scientists were normative communists in 
that they are committed to sharing data and credit, in contrast to 
the trade secrets kept by firms that are interested in science only as 
a means of making money. However, 'sharing' means something a 
bit more proprietary than Merton's term implies. It is less a matter 
of assigning collective ownership for an empirical finding than of 
distributing ownership to others whom the scientist thinks (will 
think they) deserve it. To speak bluntly, `communal sharing' 
amounts to little more than insurance against risk. Although scien-
tists are not, strictly speaking, coerced to share with their col-
leagues, they are really in no position to choose not to do so. 
Rather, they have an incentive to share because every reason for 
their not doing so has been removed. If scientists refuse to share, 
they merely open themselves to negative sanctions. In the future, 
colleagues have grounds for not sharing with them, approving their 
grants, or hiring their students. In terms of day-to-day practice, it is 
nearly impossible to use someone else's apparatus or findings 
without contacting them for background information not included 
in the typical scientific article 40  Thus, one needs to be in the 
author's good graces. Moreover, because each scientific specialty is 
dominated by a few gatekeepers who pass judgement on everyone 
else in the field, failure to appease these 'peers' can be disastrous, 
much like failure to pay protection money to the local mafia boss. 
Not surprisingly, scientists tend to underplay their own originality 
and overplay that of their significant colleagues. 

This problem arises less in the social sciences precisely because 
authority there is so much more fragmented — in virtue of the 
plethora of journals and interests they represent — that a gatekeeper 
is less able to prevent an offender from ever publishing again. 
Nevertheless, whenever field specialists are the exclusive overseers 
of each other's work, it is susceptible to Mertonian 'communism' 
for yet another reason. Peers are usually in no position to directly 
authenticate the work of their colleagues, yet they take collective 
responsibility for it by publishing it in their official journals or 
broadcasting it in their professional forums. In that sense, peer 
review issues authors with intellectual insurance policies in case 
their results are subject to attack. If the results are shown to be 
lacking, it will be attributed to honest error and not incompetence 
or fraud. Thus, while authenticity is judged simply on the basis of 
the plausibility of the written report, the editors negotiate with 
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authors the size of the knowledge claim that their articles entitle 
them to make, hoping that authors' interest in publication will 
cause them to make relatively modest claims.41  

Scientists' disinterestedness lies in the fact that they are not, as a 
group, committed to any ideology, and hence (on Merton's telling) 
can follow the truth wherever it may lead. However, in practice, dis-
interestedness is often indistinguishable from opportunism, as most 
science is designed to be doable in virtually any cultural setting, 
provided there is an appropriate level of material resources and 
technical competence. Thus, it is usually possible for scientists to go 
to the highest bidder without worrying that their knowledge would 
be vitiated in the process. Given sufficient plutonium, former Soviet 
physicists can make nuclear bombs that work just as well in Iraq as 
in the United States, regardless of their ideological differences. 
Indeed, precisely because science itself does not dictate which side 
scientists should be on, they are the perfect 'wild cards' in any 
balance-of-power struggle. For this reason, as late as the nineteenth 
century, the Ottomans and the Chinese regarded the West as bar-
baric in its indiscriminate pursuit of the power that science-based 
munitions could bring it. From their standpoint, there was nothing 
intellectually profound in a triumph founded on the sheer concen-
tration of force, be it human or technological. Similar reservations 
about the wisdom of disinterestedness were expressed within the 
Western scientific community in the aftermath of the First World 
War, whose unprecedented level of destructiveness was due to the 
mass mobilization of scientists, especially chemists. In the wake of 
that experience, scientists across a wide range of the ideological 
spectrum have tried to constitute the scientific community as its 
own interest group, or class, so as to avoid being easily absorbed 
into the agendas of the state or industry. Clearly, these efforts failed 
to stem the tide of destructiveness during the Second World War, 
which is often called the 'physicists' war' because of the key role 
played by the founders of nuclear physics in a race between the 
Allied and Axis Powers to develop the atomic bomb. 

Finally, the organized scepticism of scientists lies in their refusal to 
take any beliefs for granted until a sound empirical basis has been 
found for them, even if these beliefs are cherished by the larger 
society. On Merton's reading, this is a mark of intellectual boldness. 
But considered in terms of the consequences of putting this norm in 
practice, organized scepticism is callous and disorienting. A straight  
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reading of history would see that the great battles fought in the name 
of 'science' against various religions and cultural traditions began as 
backlashes by societies that had already given scientists a measure 
of tolerance and autonomy, only to find it go unreciprocated, as 
scientists seemed to want society to grant their views hegemonic 
status. Thus, Galileo and Darwin spawned major religious reactions 
only after there had already been a certain measure of tolerance for 
the sun-centred universe and the evolution of the species, respec-
tively. Were contemporary humans not inclined to see themselves as 
the long-term beneficiaries of the cultural dislocations caused by the 
revolutionary scientists of the past, they would probably dismiss 
`organized scepticism' as 'collective irresponsibility'. Certainly, 
scientists do not embrace present-day radicals with the same enthusi-
asm as they do past ones. 

Appendix 2: The Science Citation Index 

One of the most peculiar features of the contemporary intellectual 
scene on Earth is that academic knowledge workers — 'scientists' in 
the broad sense — have promoted post-industrialism just at the time 
that their own activities have come to approximate the industrial 
character of advanced capitalism. On the one hand, sociologists 
starting with Daniel Bell (b. 1919) have been keen to persuade non-
academics that history has entered a post-industrial phase. On the 
other, the expression 'knowledge production' tumbles freely from 
academic lips and pens.42  This verbal habit unwittingly exposes the 
continued captivity of scientists to the old industrial mindset. To 
sound a familiar Marxist theme, as the meaning of academic labour 
has come to be identified with its products, the ultimate fates of 
these products seem increasingly beyond their control. Clearly, this 
state of affairs applies to the products of research, and specifically 
books and articles: the more, the faster, the better — and for whose 
benefit? 

Because the capitalization of academia has occurred during a 
period of unprecedented expansion in the higher education sector, 
its effects have gone largely uncriticized, if not entirely unnoticed. 
The twentieth century has witnessed the incorporation of many 
people into higher education who had traditionally been excluded 
on the basis of gender, ethnicity, and ideology. Yet the upscaling 
of the academic enterprise since the Second World War — the 
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increasing numbers of people who have become professional aca-
demics along with the enormous resources that have been lavished 
on university based pursuits — have brought on a more insidious 
form of marginalization: 'insidious' because it is an unintended 
consequence of the academy's newfound expansiveness. It is the 
marginalization that results from one's published work going 
unread, undiscussed, and uncited, and even when cited, cited in an 
omnibus fashion, as part of a list of names whose company the 
author had perhaps taken great pains not to keep. To put the point 
in perspective, when the sociologist Max Weber (1864-1920) deliv-
ered 'Science as a vocation,' his famous address to graduate 
students embarking on academic careers, he stressed the subtle but 
real personal satisfaction one could derive from a life of scholar-
ship, even knowing that one's work would be surpassed by future 
scholars.43  Of course, Weber was assuming that scholarly work 
would be read. What was bold to assume in 1917 is merely false in 
1997. 

In the twentieth century, it has become popular for academics to 
see the pursuit of inquiry in Darwinian terms, whereby research is 
born into a world where survival depends on a process of critical 
scrutiny that resembles natural selection. It is expected that few 
pieces of research will survive intact across a variety of critical 
environments. But is this really the right metaphor? Would it not 
be truer to their epistemic predicament for scientists to say that 
most of today's research fails to survive because it perishes once it 
is published, stillborn, never quite connecting with an environment 
long enough for other scholars to subject it to critical scrutiny. (The 
grimness of this metaphor is meant to underscore that to be ignored 
is not to be subjected to a sophisticated form of criticism, the radical 
fantasies of humans to the contrary.) 

As with so many of the other ailments of contemporary academic 
life, the natural sciences have displayed the most exaggerated 
symptoms, but the social sciences and humanities are following 
close on their heels. Credit for uncovering these symptoms in the 
1960s belongs to Robert Merton and the historian Derek de Solla 
Price (1922-83). Unfortunately, they interpreted the emerging 
behemoth as representing the health, not the illness, of what Price 
called Big Science. It is a misdiagnosis from which humans continue 
to suffer, especially when they subject each other to peer evalu-
ation. Merton, Price and their followers have gone to great lengths  
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to portray organized enquiry as a massive industrial enterprise, but 
one that exhibits only its positive, not its negative, features. The 
most concrete symbol of their legacy is the Science Citation Index 
(SCI) and the attendant use of citation counts as indicators of 
quality, relevance, and influence. Few scientists can completely 
escape from thinking in these terms. The urge to measure one's 
career in terms of the droppings left at the foot and end of other 
people's articles is near irresistible. 

The forty-year history of SCI is an object lesson in how the Know-
ledge Society works its insidious magic on unsuspecting intellectu-
als who come to believe they have taken control of the genie 
inhabiting a piece of information technology.44  Shortly after the end 
of the Second World War, leading American scientists began to 
speak publicly of an 'explosion' or 'crisis' of information, which 
threatened to undermine scientific communication, the source of 
science's legendarily efficient division of labour. It seemed that 
scientists' lack of familiarity with the existing literature in their own 
fields was leading them to 'reinvent the wheel'. Initially the federal 
bureaucrats understood this inefficiency as pointing to a possible 
wastage of funds, but eventually they took it to signify a threat to 
national security, especially once the Soviet Union was shown to 
have a centralized scientific information network that made the non-
duplication of existing effort a criterion for funding new proposals. 
Thus, what had been first presented as a problem for the individual 
scientist trying to sort out his or her research programme metamor-
phosed into a crisis in the unity of scientific knowledge itself. 

Here it is worth noting the competing forces that drove the 
chemist, turned information scientist, Eugene Garfield, to design 
SCI as he did. On the one hand, Garfield was influenced by 
Shepard's Citation Books, which had been used by American 
lawyers and judges since 1873 to locate precedents for cases under 
trial. Each precedent was marked so as to indicate whether it sup-
ported or opposed the judgement of the case under consideration. 
The method served to integrate the body of legal knowledge by 
alerting legal practitioners of everything from the past that was 
available for them to draw upon. Consequently, once Shepard's was 
published, few cases went completely uncited in later legal 
decisions. On the other hand, Garfield was equally swayed by the 
enormousness of the scientific literature and the need to hire large 
numbers of relatively unskilled personnel to collect and codify the 
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citations. His staff were thus in no position to read each article for 
the relationships in which citations stood to the literature they ref-
erenced. A strict numerical count of citations was all that could be 
managed under the circumstances. Nevertheless, these constraints 
on Garfield's labour force have had far-reaching consequences on 
the conclusions that both scholars and academic administrators 
have drawn from the patterns revealed in SCI, especially ones that 
all too easily translate indicators of quantity into ones of quality. 

To appreciate these consequences, our Martian friends concen-
trate on the implicit logic of SCI's citation counts, while ignoring 
the popular debating point of whether particular citations should 
be interpreted as crediting or discrediting the authors referenced. 
Officially, all citations are treated equally, as are all citers, or so it 
would seem. For, although SCI does not distinguish whether a given 
citer would, by other criteria, be regarded as a major or minor 
figure in the field, it does discriminate between someone who cites 
three works in an article and someone who cites thirty. The latter 
exerts ten times more influence over the final citation count than 
the former. This result is rather curious for an enterprise like 
science, which has been periodically advertised as the paradigm of 
democracy in action. In most democratic theories of voting, when-
ever one can vote for more than one candidate, the votes are 
treated as fractions adding up to one, so that each voter formally 
exerts the same influence over the electoral process, and voters with 
distributed allegiances are not privileged. However, the SCI counts 
enable authors who acknowledge a large number of scholarly debts 
— as measured by the citations they bestow on their colleagues — to 
exert disproportionate control over the structure of knowledge in 
their field. Imagine, if you will, a polity that by its electoral system 
discourages its citizens from being economically self-sufficient and 
ideologically focused. You will then appreciate the image of the 
scientific community implicitly promoted by SCI. (It sounds like a 
formula for producing the kind of 'dependency culture' that is the 
dark side of welfare state politics.) 

Most democratic theories presume that voters cast their ballots 
fully realizing that their vote is a scarce resource: to give to one is 
to withhold from another. Of course, scholarly citation practices are 
no less strategic, but this fact is not registered in the way SCI counts 
citations. When each citation, but not each citer, is weighted 
equally, it becomes impossible to detect the deliberate enhancing  
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or withholding of credit. Scientists would seem to cite simply 
because their knowledge claims demand that they do. The implied 
image of the citing scientist is one devoid of agency, which in turn 
creates the impression that a science is a spontaneously self-
organizing field of activity that can be monitored as one would any 
other object of inquiry; hence, the expression science of science. 
Moreover, although SCI formally masks the strategic character of 
citing behaviour, once the citation counts are made public, the 
scientists can adjust their 'spontaneous' citing strategies. In a politi-
cal system that enables one to cast a nonexclusive vote for a candi-
date, there will be a tendency to err on the side of voting beyond 
one's preferences, that is, to vote for every minimally acceptable 
candidate, so as to ensure that someone tolerable is elected. The 
corresponding tendency is for scientists to cite anyone who might 
have a hand in the fate of their article (or anyone whom such people 
would expect to see cited), lest the article be ignored and their next 
grant proposal go unfunded. We see, once again, Merton's fabu-
lously mystified 'communist' ethic, which suggests that scientists 
cannot tell the difference between protection money and selfless 
sharing. Be that as it may, by adhering to this norm, scientists end 
up inflating the citation counts of their colleagues who are regarded 
as even marginally powerful, which in turn enhances the power of 
those colleagues, as SCI indicators are fed into the larger science 
policy process. 

Soon after scientists started conspicuously using SC/ to 
orient their research, science policy makers started using SCI 
to orient themselves to the scientists. Indeed, as an instrument of 
policy, SCI became an 'unobtrusive measure' of the pace and direc-
tion of scientific activity that worked to check scientists' own self-
interested testimony on these matters. Policy makers can justify 
funding decisions that go against the wishes of the scientific com-
munity by arguing that they are merely trying to promote tenden-
cies already present in SCI based indicators. In other words, actions 
that may appear disruptive at the local level of the individual scien-
tist or research team reappear as supportive at the level of the 
`knowledge system' that SC/ based indicators are 'about'. The 
French postmodern philosopher, Jean Baudrillard (b. 1929), has 
coined the useful term hyperreality for a representation that, once 
extracted from the represented object, can be used as a standard 
against which to judge and shape that object, even though it is, 
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strictly speaking, a fiction constructed by selectively attending to 
only some of the object's characteristics.45  In that sense, the know-
ledge system is a hyperreal entity. To gauge the full sense of SCI's 
impact, we need to go deeper and plumb the industrial unconscious 
of the Knowledge Society. 

Price operationally defined 'science policy' as investment strat-
egies for producing the largest number of highly cited articles.46  He 
coupled this assumption with an interesting statistical fact: namely, 
that the clearest economic indicator of scientific productivity (as 
measured by number of papers published per scientist) is national 
energy consumption (as measured by kilowatt-hours per capita). 
Taken in gross terms, the coincidence was impressive. In the 1960s, 
the top ten producers of scientific knowledge were also the top ten 
consumers of electricity, with the USA accounting for 25 per cent 
of total production and 35 per cent of total consumption. Price then 
proceeded to treat this correlation as the basis for an analogy that 
has served to legitimate the indefinite and perhaps even profligate 
growth of scholarly production in all disciplines. Just as more cus-
tomers can get cheaper electricity as the size of the power station 
increases, Price thought, so too a scaled up knowledge enterprise 
increases the likelihood that more scientists would produce citable 
papers, his measure of scholarly relevance and quality. The policy 
advice that followed was obvious: increase the number of people 
and effort devoted to the production of scholarly papers. Of course, 
the idea of channelling enormous talent in the single-minded 
pursuit of inquiry was not new. The most recent precedents for the 
idea's efficacy were to be found in the Second World War, when 
large numbers of academic natural scientists were sequestered in 
secret locations for the purpose of achieving a specific large 
outcome in a race against time; most notably, the atomic bomb. The 
successful campaign mounted by America's scientific elite to con-
tinue this model in peacetime has been widely documented.47  
However, the analogy that made the model attractive to Price in 
the first place has gone relatively unexamined. 

The large scale utilities that so fascinated Price are efficient only 
in a very specific sense. Big plants produce more power but at a big 
cost to the environment, especially when measured in terms of the 
resources consumed by such plants that could have been used for 
other purposes, perhaps at another time. These are what econo-
mists call the 'opportunity costs' of producing energy in this  
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so-called efficient manner. Ordinary folk experience the costs as 
pollution and waste. These observations apply equally to the fate 
of the people who are pumped into a scaled-up knowledge enter-
prise. As more of the highly cited articles are produced, the differ-
ence between the number of citations garnered by such articles and 
those garnered by all the other articles also increases, and there are, 
of course, more of those other uncited articles in the knowledge 
system. Once again, at the systemic level, policy makers hardly see 
this as cause for alarm. After all, it would seem to reveal the 
invisible hand of peer review miraculously discriminating impor-
tant from unimportant research as the overall result of a set of pri-
vately taken decisions in referee's reports. But even sociologists of 
science who follow in the footsteps of Merton and Price find the dis-
parity of cited and uncited articles to their advantage. Since highly 
cited articles in a field also tend to cross-reference each other, it is 
possible to construct an entire disciplinary narrative from the cita-
tion patterns of the 20-25 most highly cited articles.48  

In the long term, larger knowledge enterprises produce more 
articles, by more people, that fail to be cited in the articles of those 
diminishing few whose articles are cited frequently. It is not uncom-
mon in some fields for 90 per cent of the citations to go to 10 per 
cent of the authors. Here is a clear analogue of 'uneven develop-
ment', whereby income disparities between rich and poor are 
aggravated in countries undergoing rapid industrialization. Indeed, 
these disparities become the basis for science's own version of class 
polarization, as the elite authors prove to be the most supportive of 
the use of SCI based indicators. Not surprisingly, then, sociologists 
of science unselfconsciously speak of the social stratification of 
science in terms reminiscent of world-systems theory: a 'core-set' 
of front-line scientists, on the one hand, and a 'peripheral' set of 
client-scientists, on the other.49  

But the unevenness of scientific development has a temporal as 
well as a spatial dimension. For, in the world of Big Science, people 
who turn out to write highly cited articles are cited earlier in their 
careers, which suggests that the initial reception of these authors is 
strongly biased in terms of the academic networks they bring from 
graduate school. The principle of cumulative advantage, another of 
Merton's euphemisms, captures the idea that, as elsewhere in the 
industrial world, the rich get richer and the poor get poorer in 
the knowledge production business.5° The piece de resistance is the 
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personal ideology that accompanies this uneven development, as 
scientists seem to believe that the knowledge system is ultimately 
just, with the really good ideas managing to survive even if their 
originators fade into oblivion. Merton even suggests that truly self-
less scientists would turn over their best ideas to the people who 
they think will most likely draw attention to them. Needless to say, 
we have charted quite a perverted course from Weber's humble 
toiler in the groves of academe. 

But suppose, our Martians imagine, one is among the few scien-
tists who manage to keep their citation counts high. Consider the 
steady stream of ignorable articles that are dumped into the know-
ledge system. Their presence threatens to overwhelm one's ability 
to detect the few articles that are worth citing in one's own research. 
What can one do? As it turns out, the noise in the publication 
network can be avoided by adopting alternative forms of com-
munication. Just as the rich are able to solve the problem of 
pollution to their personal satisfaction by moving to cleaner neigh-
bourhoods, so too major scientists avoid the morass of journal 
literature by participating in invisible colleges that circulate work in 
prepublication form so as to enable relevant colleagues to get a 
head start on positioning their research programmes and grant pro-
posals. Members of an invisible college also function as opinion 
leaders who influence the spin that less productive scientists give to 
the journal literature they read.51  

In the natural sciences, the manoeuvres of these epistemic cartels 
have much of the character of insider trading in the stock market, 
where the stakes are very high indeed. Failure to equip one's 
laboratory with the right instruments and personnel within a 
limited amount of time can automatically eliminate the scientist 
from the cutting edge of research. More to the point, a failure to 
update one's research interests and skills in light of an ever shifting 
research frontier can consign even .a highly cited scientist to the aca-
demic backwaters. A handy point of reference is the SC/-based 
indicator that bears Price's name. According to Price's Index, the 
`harder' a science is perceived to be (where physics is the hardest 
science of them all), the lower the average age of the literature cited 
in its articles.52  It would seem that, in the hard sciences, attention 
is just as difficult to sustain as it is to acquire. Science thus seems 
no exception to the rule that hard things are often the most brittle. 
Scientists have predictably adapted their careers to the accelerated  
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pace of enquiry and the attendant planned obsolescence for scien-
tific labour. Each new scientific growth area calls for the mastery of 
new knowledge, taking more experienced researchers further away 
from the intellectual capital they accumulated in graduate school. 
Rather than continuing to fight the uphill battle to remain in the 
front lines of research, scientists at ever earlier ages — nowadays in 
their early forties — shift over to the less technically demanding 
(though often equally stressful) work of full-time teaching or 
administration, for which they have received little or no training.53  

Perhaps the most interesting effect of industrialized scientific 
knowledge production is what it does to the reading and writing 
habits of scientists. Citation practices provide, once again, the 
initial clue. In the hard sciences, if an article is frequently cited, it 
will be cited for the same reason, which is usually localizable to a 
particular section of the article: its theoretical framework; its review 
of the literature; its research methodology; its data; or its analysis 
of the data. By contrast, highly cited articles in the humanities and 
social sciences are cited for a variety of reasons in a variety of con-
texts.54  Although the Martian anthropologists concede that it 
would be nice to believe that citation practices are stabilized in the 
hard sciences because their practitioners are converging on some 
objective reality, a much simpler hypothesis is that there are, as it 
were, fairly strong chains of interpretive command in those fields. 
Readers are specifically told to read certain articles for certain 
things that are worth emulating or attacking, and to ignore the rest. 
Consequently, an article's entire contribution may be stereotyped 
in terms of one of its parts, which can then be easily fitted into an 
ongoing disciplinary narrative. Of course, writing is affected by 
such reading practices, not least by an increasing reliance on boil-
erplate, those moveable modules of text that are sufficiently self-
contained to appear anywhere in a given article and perhaps even 
in any article in a given field at a given time. Discussions of research 
methodology are perhaps most readily converted into boilerplate, 
but the onset of word processors has made virtually any part of an 
article susceptible to such treatment. 

The result is a series of mass-produced articles, stitched to reveal 
enough seams to absolve readers of any guilt, were they to sample 
an article here and there but not read it in order of presentation, 
let alone in its entirety. It would seem that the disciplines that excel 
the most in the rigour of their methods and the reliability of their 
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findings are also the ones that fail the most by the criteria that 
humanists respect: namely attention to the construction and recep-
tion of a text, including a thoughtfully critical response to the claims 
that the text makes. The fact that humanists have often managed 
to elicit surprising readings of scientific texts by treating them as 
works of literature or rhetoric merely reinforces the point that 
those texts are not normally read or even written to be read in that 
way.55  But the way one treats texts is intimately tied to the way one 
treats their authors. The social ethic implicit in the careful readings 
valued by humanists are not matched by the treatment that scien-
tific writings receive in the hands of the scientists themselves. The 
ease with which the sciences can yield to the rubrics of 'opinion 
leaders', 'spin control', 'boilerplate', 'planned obsolescence', and 
`product life-cycles' vividly shows how the market mentality has 
penetrated the heartland of organized enquiry, rendering post-
industrialism simply industrialism raised to the second order.56  In 
fact mew-industrialism is a more apt expression than postindustri-
alism for science's epistemic plight, which all enquirers increasingly 
share. 

The ultimate irony of SCI's metamorphosis from postindustrial 
research tool to meta-industrial policy instrument is that scientists 
invited the move by their own image of self-contained communities 
of enquirers who are oriented exclusively towards each other. It 
follows that a summary of the judgements reached by such a body 
could be taken as a definitive record of its activities; in other words, 
autonomy facilitated external control. Because the humanities and 
social sciences are known to be routinely susceptible to forces 
beyond their control — such as the day's events, ambient ideologies, 
and public opinion — few have imagined that any neat set of unob-
trusive measures could encapsulate their activities. Consequently, 
policy incursions into these 'soft sciences' have always appeared 
high-handed and messy, reflecting only one of many possible per-
spectives from which the development of these fields may be 
regarded. Therefore, it is truly perverse of celebrants of the Know-
ledge Society to declare that humanity is on the threshold of a new 
conception of knowledge that will have to be evaluated on its own 
emerging terms. After all, those terms emerged long ago, but are 
only now fully realizable. They can be summed up in the word Pos-
itivism; industrial society's final frontier. 
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Notes 

1 Readers will recognize this literary technique as the one that Cer-
vantes uses to frame Don Quixote de la Mancha. The only difference is 
that this is not a fiction. I actually was in the Harvard archives at that 
time, researching that book. Hopefully, by the time you read this, 
Fuller (1998), written under the Martian influence, will be in press. 
Needless to say, the book will exhibit many instances of that favourite 
Martian inference, `abduction'! 

2 Weinberg (1992) is one prominent physicist who seems to hold such a 
view. 

3 Harding (1991). 
4 Scientific heretics are easier to identify in the present than in the past 

because if their work is not eventually absorbed by orthodox science, 
they are typically recast as having been engaged in some non-scientific 
activity. Taylor (1996: 175-221) provides a good account of the cold 
fusion controversy as a recent scientific heresy. Other long-standing 
heresies, including psychokinesis and telepathy, are recounted in Hess 
(1993). 

5 See, for example, Kitcher (1993). 
6 This possibility originally appears as a thought experiment in Popper 

(1972). 
7 MacKenzie (1995: 215-60). 
8 Polanyi (1957). 
9 Even if possible, would `uninventing' nuclear bombs be such a good 

thing, if it also meant the extinction of the knowledge needed to dis-
assemble old nuclear power plants? More generally, might nuclear 
weaponry be easier to control if its knowledge were routinized, so one 
could no longer be placed at the mercy of a 'mad scientist'? That was, 
after all, part of the motivation for 'testing' nuclear bombs. 

10 Wittgenstein (1952). 
11 Elster (1984). 
12 Malinowski (1954). 
13 Hollis and Lukes (1982). 
14 Weber (1965). 
15 Katz (1986). 
16 Drucker (1993). 
17 On the idea that science may suffer from 'diseconomies of scale' 

whereby more science increases our knowledge to a proportionally 
lesser degree than before, see Rescher (1984). 

18 Tantalus, the source of the word 'tantalize', was a character in Greek 
mythology who was cursed with an unquenchable thirst, yet whenever 
he moved towards a juicy fruit, the wind blew the fruit out of his reach, 
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causing him to redouble his efforts, only to have the fruit elude him yet 
again. His torture thus consisted of being repeatedly frustrated just at 
the moment of consummation. 

19 Fukuyama (1992). 
20 Cohen (1994). 
21 This observation is based on ongoing research comparing the labour 

market patterns of humanities, social science and natural science gradu-
ates in the UK. The principal investigators are Jane Fielding, Judith 
Glover and Deborah Smeaton of the University of Surrey. Needless to 
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5 

The Secret of Science's 
Success: Convenient 

Forgetfulness 

Recovering science's historicity: Needham's Grand 
Question 

A sense of historicity is essential for understanding the grip that sci-
ence has had on the global imagination. I mean here something 
more than just an awareness of the temporal ordering of achieve-
ments that have been made in the name of Western science. By 'his-
toricity' I mean the way in which one's perception of what has 
transpired in the history of science shapes one's sense of the 
prospects for future developments. The tricky thing about getting 
to grips with the historicity of science is that it typically involves 
examining the long term consequences of people acting on the basis 
of profoundly false beliefs about the history of science. While it is 
now widely conceded that the most pervasive accounts of the his-
tory of science — those found in science textbooks and science popu-
larizations — are misleading to the point of being self-serving, few 
have stepped back to wonder what this might mean for an activity 
that advertises itself as unique in its quest for some ultimate, singu-
lar and unified truth. 

For their part, scientists, often aided by obliging philosophers. 
have gone into a state of denial over this matter, arguing that if our 
historical understanding of science were indeed so flawed, then 'we' 
(mostly Westerners) would not be enjoying our current high state 
of civilization. However, these scientists are often the first to admit 
that their world-historic predecessors — Newton, Maxwell, Einstein,  

etc. — did not fully fathom the consequences of their world-shatter-
ing ideas and, given the chance, would perhaps disown the conse-
quences that we now consider to have earned them their place in 
the scientific pantheon. From the perspective of scientists who 
make such arguments, it seems epistemologically safer to say that 
their precursors failed to see into the future than that they them-
selves have failed to see into the past. Thus, time and truth are 
made to move in the same direction — forward. No definition of 
progress could be more to the point. In a sense, little more than an 
exercise in semantics is at stake in trying to distinguish between, 
say, Newton's misunderstanding of the long-term significance of a 
truth he uttered 300 years ago and the latest Nobel Prize winner's 
attribution of contemporary significance to a statement that he 
falsely believes Newton to have made 300 years ago. Nevertheless, 
as will become clear in the rest of this book, the reinforcement of 
this subtle shift in the burden of error from the present to the past 
— between regarding the history of science as a series of, so to speak, 
our realized falsehoods and their unrealized truths — is crucial for 
representing the sense of superiority that science is thought to 
confer on the West. 

For example, a broad spectrum of philosophers of science have 
believed that the 'best explanation' of science's success lies in the 
fact that its most recent theories account for things better than 
earlier ones did. These philosophers invite us to imagine scientists' 
attempts to describe and explain bits of reality as a kind of linguis-
tic archery, in which science's aim at the essence of things grows 
better with practice over time. (Our Martian friends of the previous 
chapter would immediately recognize this as the military side of the 
military—industrial metaphor.) The 'theory of reference' in philos-
ophy is largely given over to such considerations. However, the 
superficial plausibility of the archery analogy starts to fade, once we 
consider that all the 'contestants' are not present at the same match. 
Indeed, the more closely we look at the history, the more we see 
that our scientific contestants were probably not even playing the 
same game. Step back for a moment and ask the following ques-
tions which challenge our everyday sense of the history of science. 
How many of the people responsible for the exemplary achieve-
ments of Western science would have approved of the directions in 
which their work has subsequently been taken? Would they even 
have been comfortable with the specific role they have been 
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assigned in popular renditions of the progressive march towards the 
Truth? More specifically, would Aristotle, and Darwin, for that 
matter, appreciate being seen as landmark figures in a science, 
biology, that has increasingly reformulated its problems and 
insights in terms that shift the locus of investigation from the obser-
vation of nature to the manufacture of experimental effects? 

Nevertheless, while the rhetorical force of these questions may 
be lethal for 'best explanation' accounts of the success of science, 
the avenues of enquiry they open up should not really surprise us. 
After all, the faultiness of human memory, biases of the written 
record, and the tendency for words to change meanings as they 
move across contexts all conspire to render any straightforwardly 
progressive account of the history of Western science patently false, 
yet also difficult to falsify. This paradoxical state of affairs is 
enhanced as our liabilities gravitate towards our interests: in a 
phrase, the fine art of convenient forgetfulness. As we shall see in 
what follows, much of the historiography of science can be dis-
cussed in terms of who is and is not convenienced by a particular 
strategy of forgetting. An important part of this story is inscribed 
in the disciplinary difference between those who do science and 
those who engage in `second-order' studies of how science is done. 
The latter group includes students of the history, philosophy, soci-
ology, psychology, political economy — and so forth — of science. 
Taken as a group;  with the exception of most of the philosophers, 
they draw attention to the fallible features of the human condition 
that, by implication, render the narrative of progress recounted in 
science textbooks little more than a myth. Practitioners of these 
second-order fields typically welcome their professional separation 
from the scientific fold because of its liberation from the scrutiny 
of scientists worried about how an altered view of the past might 
affect their legacy to future scientists. However, there is a downside 
to this hard-won autonomy, especially in the case of historians of 
science. Not only are they no longer bothered by scientists, they are 
ignored altogether, as scientists have virtually stopped appealing to 
the past to justify contemporary concerns, except in purely mythi-
cal terms, as in 'The Leap of Thales', to quote a chapter title of one 
recent popularization.1  

It is important to point out that this was not always the case. Many 
of the people responsible for drawing attention to original archival 
materials in the history of science at the end of the nineteenth  
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century were such distinguished scientists as Ernst Mach 
(1838-1916), Pierre Duhem (1861-1916), and Wilhelm Ostwald 
(1853-1932). They used these materials against colleagues who 
championed the dominant research programmes of their day. The 
common strategy of these historically minded scientists was to show 
that whatever empirical successes could be credited to the dominant 
programmes were offset by conceptual problems that were never 
adequately addressed when first posed, often several centuries 
earlier but since then conveniently forgotten.2  It may now seem 
quixotic for the late philosopher Feyerabend to have cited Aris-
totle's metaphysical conception of motion — which included both 
locomotion and organic change under the same rubric — as a strike 
against the disciplinary distinction between physics and biology, yet 
such a move would have had a sympathetic hearing from Duhem and 
Ostwald, both of whom favoured the concept of 'energy' as a move 
back to Aristotle's unified vision. Indeed, these scientists spoke for 
the past much as environmentalists today to speak for 'future gener-
ations' in their attempt to divert their contemporaries from poten-
tially destructive courses of action. Given the argument that the past 
is no longer relevant to the present, they observed that problems do 
not necessarily disappear simply because they are forgotten. The col-
lective memory trace is still there to be activated. 

This is the spirit in which the half-century study of Chinese 
science conducted by the late embryologist Joseph Needham 
(1900-95) should be seen. Needham devoted eight thick volumes 
of original scholarship to fathoming why China's clear political, 
economic, and even technological advantage over Europe did not 
materialize in a 'scientific revolution' comparable to the one that is 
thought to have been responsible for propelling Europe forward.3  
When compared with the critiques of Mach, Duhem and Ostwald, 
Needham's had a depth that (one might say) corresponded to his 
removal from the day-to-day conduct of science. Although 
Needham's message is not as clear as one might like it to have been, 
the general tenor of his lifework was to highlight the contingent 
character of the West's scientific ascendency; that is, science as the 
West has come to know and value it may be only a transitory 
feature of the human condition. 

Needham posed a self-styled 'Grand Question': Why did the 
Scientific Revolution not take place in China? There are two subtly 
different ways of interpreting it that have profound implications for 
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both how one goes about answering the question and what one 
takes to be the larger significance of the question. One reading pre-
sumes that the Revolution would happen unless it were explicitly 
blocked, whereas the other presumes that it would not happen 
unless it were explicitly promoted. Since Needham himself seemed 
to play off both interpretations, it becomes especially important 
that we highlight the distinction between what are, respectively, 
overdeterminationist and underdeterminationist interpretations of 
the Grand Question.4  

On the one hand, one may suppose that a 'Scientific Revolution' 
inevitably happens to human beings everywhere, once a certain criti-
cal mass of 'social intelligence' has been reached: that is, unless a 
locally occurrent factor prevents it. According to this overdetermi-
nationist view of history, one would not necessarily expect China to 
have produced exactly the same conditions that led to the Scientific 
Revolution in the West, but only functionally equivalent conditions, 
as constructed from China's own cultural and material resources. 
For example, instead of the Greek natural philosophy tradition, 
Needham pointed to Taoism as having provided comparable cultural 
precedent. Here the comparison of European and Chinese science 
can be seen as a kind of 'controlled experiment' to isolate the factors 
that enabled the mathematical-experimental sciences to take off in 
seventeenth-century Europe but not in China. History simulates 
laboratory conditions. Europe and China were sufficiently isolated 
from one another for, where comparable precedents failed to 
produce identical results, the inhibiting factor to be intrinsic to the 
culture, and not a product of any cross-cultural interaction. 

The overdeterminationist position largely captures the historio-
graphical sensibility of practicing scientists. It envisages that the uni-
versality of science is represented historically in terms of several 
culturally distinct lines of inquiry gradually converging on a common 
epistemic trajectory. Thus, the overdeterminationist is prone to look 
for 'multiple' or 'simultaneous' discoveries of the same scientific 
phenomenon. Because all cultures have the potential to reach the 
same conclusions, it follows that a value can be placed on being the 
first to arrive at an intellectual destination that many others seek. 
But, for the very same reason, the overdeterminationist does not 
regard cultures as the unique possessors of scientific ideas in any 
literal sense that would entail the assignment of intellectual property 
rights. In all these respects, the overdeterminationist is one with  
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eighteenth-century Enlightenment thought about science as a uni-
versal form of knowledge. 

On the other hand, the underdeterminationist, more a creature 
of the early nineteenth-century Romantic mentality, comes closer 
to the professional historian's sensibility. Here Needham's question 
is interpreted to mean that the Scientific Revolution was a unique 
event in the history of the West that occurred only because certain 
culturally specific conditions obtained. This revolutionary moment 
subsequently acquired its global significance, not through indepen-
dent rediscovery but by the West's active intervention in the affairs 
of non-Western cultures. In other words, China was never in a 'race' 
to reach the revolutionary moment, notwithstanding the superficial 
similarities in its cultural trajectory with that of the West. This is 
more in the general spirit of Needham's project, which is organized 
more around a holistic understanding of Chinese civilization than 
an equally in-depth comparative history of Chinese and European 
science. It is also the interpretation presumed by the Sinologist 
Nathan Sivin, who then criticized Needham's lapses into over-
determinationism, as when Needham infers a failure on China's 
part from a simple difference in outcome between it and the West.5  
According to Sivin's diagnosis, whenever Needham marvelled at 
why the revolution did not take place in China, he seemed to be 
focusing on intellectual factors to the exclusion of social ones. At 
the same time, it might be claimed that Needham's 'lapses' into 
overdeterminationism were simply an expression of his approval of 
the West's Scientific Revolution as a desirable intellectual destina-
tion, at least when it occurred, if not in all of its subsequent develop-
ments.6  

Considered from an epistemological perspective, the choice 
between underdeterminationist and overdeterminationist histori-
ographies may depend on what needs to be explained. The former 
is better suited to explain the singular emergence of science, the 
latter to its spread once it has been introduced. In his underdeter-
minationist moments, Needham cast his thesis in terms of histori-
cally contingent social factors which ensured that the rise of science 
appeared neither miraculous nor racially grounded, two interpre-
tations he strenuously disavowed. But in that case, history must be 
only moderately underdetermined, for the more necessary a par-
ticular historical trajectory appears to have been for the rise of 
science, the less probable the revolution's actual occurrence then 
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becomes. In other words, for Needham's claims about his own 
achievement to make sense, it must have been historically possible 
for the Scientific Revolution to have happened in Europe in a way 
other than it actually did. Needham himself suggests as much when 
observing that the social preconditons for the general testing of 
speculative hypotheses by technological means (the essence of the 
experimental method) had been in place as far back as the thir-
teenth century, when the first European universities were chartered 
as corporate entities on the model of guilds. This formal equality 
in the legal status of academics and craftsmen made commerce 
between them much easier than in the more class-segregated 
societies of the East, which presumably helped seed the academic 
imagination with thoughts for how their speculations could be 
materially realized. In that case, the question is opened: could the 
Scientific Revolution have occurred somewhat earlier than it did, 
given that the crucial precondition had already been in place for 
nearly five centuries? 

But if history could have gone otherwise at too many junctures, 
then none of these 'turning points' could serve as genuine cross-
roads, in the sense of a set of outcomes that are more or less uniquely 
determined by the road chosen at one point. The reason is that each 
fork on the road would then simply be an invitation to encounter 
other forks later on. For example, the rhetorical power of the most 
influential recent work of social history of science, Leviathan and the 
Air-Pump,7  rests on the assumption that the debate between Robert 
Boyle and Thomas Hobbes over the validity of experimental know-
ledge was the only major turning point in the history of Western 
science, with the subsequent 350 years being little more than a ratifi-
cation of the experimentalist perspective championed by Boyle. 
Much of the force of the authors' argument would have been sub-
verted, had they tried to explain why it took another two or more 
centuries after Boyle's alleged victory for the experimental sciences 
to find a regular place in the Western university curriculum, since 
they would then have to reintroduce many 'Hobbesian' consider-
ations that Boyle had supposedly suppressed for good. Thus, as we 
saw in Chapter 3, experimentation had to be reinvented as the 
source of empirical checks on an essentially theory- (or paradigm-) 
driven enterprise that, by the end of the nineteenth century, had 
come to epitomize the spirit of critical rationalism celebrated by uni-
versity culture and largely championed by Hobbes. 

Metahistory Overdetermined Underdetermined 

Whose perspective? Today's scientist Past scientist 
History's natural Convergence upon Divergence to 

tendency one end multiple ends 
Key to history `Rationality' `Turning points' 
Extreme version Inevitabilism Indeterminism (`It's a 

cultures eventually miracle that any culture 
become scientific') became scientific') 

Likelihood that a High Low 
Scientific Revolution 
would occur 

What needs to be How it was disabled How it was enabled 
explained about the (in China) (in Europe) 
Scientific Revolution? 

Figure 5.1 Two metahistories of science. 

Here overdeterminationism comes into its own, specifically, as an 
explanation of the apparent irreversibility (often read as the 'uni-
versality') of the spread of the Western conception of science. The 
standard overdeterminationist appeal to science's patent 'ration-
ality' as a motive force is meant to mediate between the extremes 
of innatism and imperialism: that is, between explaining the spread 
of science in terms of humanity's natural susceptibility to the scien-
tific world-view, on the one hand, and the sheer political power of 
the imperial carriers of that world-view, on the other. In this way, 
non-Westerners are rehabilitated as more or less voluntary collab-
orators in the Western scientific project. But the plausibility of this 
story starts to be stretched once it seems that any culture, regard-
less of its epistemic history, can converge on the scientific trajectory 
associated with the West. How can something so powerful not exact 
substantial costs from its various host cultures? One perennial 
answer, nowadays associated with Francis Fukuyama, traces 
science's cross-cultural translatability to its underwriting of the 
technological know-how needed for a society to be an efficient 
engine of wealth creations With this view, science's vaunted 'uni-
versality' comes from it being a necessary means to universally 
desired ends, the price for which all societies will gladly pay in terms 
of making the requisite cultural adaptations (i.e. 'eliminating 
error'). Of course, the alternative story is that science transforms 
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all things in the course of subserving them to its own imperatives. 
`Autonomous science' would thus acquire the sinister connotations 
that the social critic Langdon Winner has attached to 'autonomous 
technology', that great leveller of all cultural difference and spiri-
tual integrity.9  We shall return to this set of issues in the next 
chapter, when considering the Islamic and Japanese responses to 
science's ascendency in the West. 

Temporal colonialism: a retrospected past and an 
irreversible future 

Even if we grant this division of explanatory labour between the 
two metahistories, another question remains. How does one 
account for 'pre-scientific' forms of knowledge? Here we can find a 
backward-looking form of overdeterminationism: a retrospective 
colonization of the past. It implies that one has not gained legiti-
mate access to, say, a form of technological knowledge unless the 
scientific principles on which the technology is `based' have been 
mastered. If this `basis' historically appeared after the technology 
was already developed and used, the proposal amounts to sys-
tematically disempowering the users and then reacquainting them 
with their artifacts by means of theory-driven instruction. This is 
not an idle possibility, but in fact a pattern has been noted histori-
cally in the `scientization' of the professions, as craft based training 
in medicine and engineering yielded to academic certification. It 
can also be seen in efforts to Westernize Third World curricula for 
purposes of rendering the natives `governable' by making them 
epistemically accountable to standards that Western authorities can 
understand and evaluate. 

An especially insidious context of native disempowerment 
occurs when Europeans rewrite the histories of non-European 
peoples who are no longer around to criticize the histories recon-
structed on their behalf. Take the Incan settlement at Machu 
Picchu, Peru, which archaeologists now believe to have been an 
agricultural station devoted to the effects of different soils on crop 
yield.1° The level of soil discrimination evidenced at Machu Picchu 
remained unmatched by the combined efforts of botanists and 
chemists in Europe until the mid-nineteenth century. Indeed, Euro-
pean scientists had not been driven to acquire agricultural know-
ledge with the Incan eye for detail until potatoes imported from the  
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Americas helped eliminate many nutritional disorders in Europe. 
This lengthened lifespan, which, coupled with a constant fertility 
rate, led to an increase in the rate of population growth. Under the 
circumstances, it became important for Europeans not simply to 
grow more potatoes and kindred crops, but to determine how crop 
yields could be increased per unit of arable land. Experimental 
investigations along these lines had clearly been undertaken at 
Machu Picchu five centuries earlier. Powever, because the Incas 
demonstrated their agricultural knowledge `merely' in experi-
mental practice, and not as deductions from any recognized prin-
ciples of natural science, Europeans have tended to downgrade the 
Incan contributions as `pre-theoretical', 'trial and error' (induc-
tive', if one is being especially polite), or `technology' (as opposed 
to `science). Each of these expressions is meant to suggest that had 
the Incas 'really' understood what they were up to, they would have 
eventually arrived at the theories of agronomy that we now regard 
as providing the best explanation for the level of agricultural 
success they achieved. 

Once again, we see the calling card of overdeterminationism, 
namely, the assumption that all genuine knowledge eventually con-
verges on the same trajectory — 'ours'. It used to be claimed that 
a symptom of the Incas' lack of scientific understanding was that 
they did not exploit opportunities for extending their knowledge in 
ways that `we' would have done under comparable circumstances. 
However, as military history has come to be fitted into the history 
of science, Europeans have reluctantly admitted that their own con-
quistador-like urges may have contributed to the Incas' failure to 
extend their agricultural knowledge beyond a certain point. A still 
bolder, more underdeterminationist hypothesis is that the Incas had 
a radically different sense of the social role of knowledge in their 
world, one that the visiting Europeans could not readily grasp, given 
their lack of schooling even in their own scientific traditions. For 
example, the fact that the Incas lacked a sense of the cosmos unified 
under a creative deity could count as prima facie evidence for their 
world-view being radically different from that of the Europeans. But 
such speculation aside, historians today have no trouble asserting 
that when it came to acquiring the Incas' degree of agricultural 
sophistication, European scientists were at a distinct disadvantage, 
given the Western tradition of treating plants as degenerate animals 
and biochemical changes as `emergent' on underlying physical 
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processes. This is simply to say that agriculture significantly deviated 
from the paradigm of Western scientific inquiry, mathematical 
physics. 

Nevertheless, its political correctness notwithstanding, if we dog-
matically stress the radical differences between Incan and Euro-
pean modes of thought, it then becomes just as difficult to credit the 
Incas for having `anticipated' European agricultural science as to 
discredit them for not actually having invented modern agronomy. 
This problem becomes especially acute once we consider forms of 
identity politics that turn on a culture's possession of a privileged, 
or at least distinct, form of knowledge. If the culture is not careful, 
its efforts at establishing epistemic autonomy can easily turn into 
epistemic isolation. Good contemporary examples of contrasting 
strategies for dealing with the problem can be found among femin-
ists and Afrocentrists.11  They represent, respectively, an under-
determinationist and overdeterminationist approach to the identity 
politics of science. 

Feminists often stress alternative ways of doing science, ones 
based on intuition, empathy, caring and other `subjective' modes of 
epistemic access that have been routinely devalued by the male 
European scientific tradition. At their most utopian, they envision 
a day in which scientific practice will be transformed by the leader-
ship of enlightened women and feminist men, perhaps even at the 
very earliest stages of socialization, as boys are reared to relate to 
the world with the same degree of receptiveness to the standpoint 
of `the other' as girls typically are.12  However, there is a crucial 
ambiguity as to the exact identity of this utopia. Does it simply 
involve according subjectivity the dominant role traditionally 
reserved for objectivity, or is some sort of dialectical synthesis in 
the offing? A complicating factor is that the subjective mode associ-
ated with women's experience is neither exclusive to women (con-
sider such `pre-feminist' male defenders of intuition as Saint 
Augustine and Saint Bonaventure, Schelling, Bergson, and Polanyi) 
nor perhaps even a distinct form of experience in its own right. In 
the latter case, I mean to suggest the possibility that the historical 
emergence of a gendered division of labour — the `head' versus the 
`heart', so to speak — has produced complementary forms of alien-
ation for men and women. From that standpoint, to call for the 
replacement of objectivizing modes of experience with subjectiviz-
ing ones is a bit like saying that the cure for sadism is masochism. 

In other words, a close examination of all the claims that have 
been advanced on behalf of intuition as a source of knowledge in 
the history of the West would reveal that they do not share much 
more than an interest in compensating for the inadequacy of dis-
cursive forms of knowledge. Moreover, given the many centuries in 
which a gendered division of labour has shaped a bifurcated con- 
sciousness in human beings, it should not be assumed that the 
reintegration of the masculine and feminine poles would constitute 
a return to an `Edenic' unified human psyche. Given these uncer-
tainties about the exact character of a feminist scientific utopia, it 
is understandable that the practical politics of feminist science have 
gravitated towards more procedurally democratic claims for pro-
portional gender representation in the scientific workplace, which 
renders any change in consciousness primarily an emergent feature 
of this institutional reform. 

In contrast, Afrocentrists envision a day in which Africans will 
finally be given credit for discoveries that Europeans have so far 
claimed for themselves. Here we find the rhetoric of the 'stolen 
legacy'.13  Yet for all its surface harshness, Afrocentrist rhetoric pre-
supposes that the Africans and Europeans have basically the same 
scientific legacy, one whose African precedents the Europeans 
refuse to acknowledge. Sometimes this refusal is traced back to the 
Greeks themselves, whose mercantile practices abroad are inter-
preted as cultural theft by Afrocentrist scholars. A more histori-
cally nuanced charge is associated with the `Black Athena' thesis of 
Martin Bernal, who argues that Prussian philologists manufactured 
a Greek origin to European culture in order to complement 
Napoleon's appropriation of ancient Rome as France's heroic 
mythical ancestor.14  As the concept of 'race' scientifically hardened 
over the course of the nineteenth century, the Greeks were made 
into the source of the 'Aryan' race whose inherent cultural superi-
ority is still signalled whenever someone today remarks on 'how 
much further' a Greek was able to take a concept or technique that 
originated in the Near East, India, or Egypt. 

Nevertheless, it would seem that, compared with the Afrocen-
trists, the feminists are charting the more ambitious agenda, one 
which goes beyond redressing past injustices and moves towards a 
genuinely alternative science. The few cases of Afrocentric inquiry 
in which Africans supposedly enjoyed epistemic access to some-
thing that has completely eluded European science probably 



92 Science The Secret of Science's Success 93 

constitute the most contested area of Afrocentric scholarship. A 
case in point is the so-called 'Melanin Hypothesis,' which ascribes 
special psychic powers to the skin colour of pre-colonial Africans.15  
Even committed Africanists often find it a little too convenient to 
hold European invaders responsible for preventing Africans from 
transmitting their pigment based knowledge to future generations. 
Rather, the difference in the visionary scope of feminists and Afro-
centrists is best explained as a reflection of a difference in their per-
ception of the prospects for a political change that would benefit 
their respective constituencies in the present day. The feminists are 
more optimistic than the Afrocentrists that we can collectively 
move to a radically reformed world. Afrocentrists would seem to 
be willing to settle for a share of the credit for what has already 
been accomplished in the name of the West. 

Whatever is ultimately made of the political and intellectual 
merits of Afrocentrism, it deserves credit for drawing critical atten-
tion to the forward looking perspective that is taken for granted by 
the overdeterminationists' philosophical cousins, those devotees of 
linguistic archery to whom we alluded early in this chapter: the 
scientific realists.' 6  For example, why do we automatically say that 
Africans, Incans, or some other non-Western peoples 'uncon-
sciously anticipated' Western scientific discoveries? Why not say, 
instead, that Westerners have merely recovered or explicated the 
insights originally gleaned by the Africans or Incans, which, 
because they were too organically integrated in their lifestyles —
'second nature', so to speak — did not require any explicit articu-
lation in their culture? As we have seen in the case of the melanin 
scholars, the second nature can be literally inscribed on the epi-
dermis itself. Such a historical orientation is no less 'realist' than 
that of the philosophies of science that usually travel under that 
rubric, except for the fact that it locates the sought-after reality in 
the past rather than in the present (and future) state of science. 

If we have become overly accustomed to envisaging disparate 
inquiries gradually converging on an ultimate theory of reality, we 
may need to recall an alternative vision, one often adumbrated by 
Afrocentrist and some feminist rhetoric: namely, that there was a 
Golden Age in the distant past, followed by something like the Bib- 
lical fall from grace, from which we are now only slowly recover-
ing. Indeed, according to this view, a premier sign of our 'fallen' 
state is that we require specialized discourses that are alienated  

from the normal run of life in order to capture what the Africans, 
Incans, etc., were able to embody in practices that were integrated 
into their daily lives. And lest one dismiss this vision as tainted by 
a naive romanticism, it is worth recalling that this was largely the 
West's own sense of history until the middle of the eighteenth 
century. The key notion here is what the Renaissance Humanists 
called prisca sapientia, or 'pristine wisdom', which justified the 
reading of ancient Greek and Hebrew texts in their original — and 
presumably uncorrupted — languages. In the hands of the Protes-
tant Reformers, this became a potent weapon for challenging the 
religious authority of the Roman Catholic Church and the intellec-
tual authority of its Scholastic teachers, who preferred a homogen-
ized Latin tongue (much as English would be preferred today by 
professional academics as the melting pot for cultural differences). 
But perhaps the most striking case of the persistence of the belief 
in prisca sapientia is Isaac Newton's lifelong attempt to locate 
precedents for his physical discoveries in the Bible, the pre-Socratic 
philosopher Pythagoras, and the Hermetic corpus of Egypt.17  

But, given the endurance of the idea of a prisca sapientia, when 
did the West acquire its characteristically forward-looking view of 
where the secrets of reality lay? The answer may be found in the 
complicated history surrounding the Battle of the Books. This 
battle, so-named by the Irish satirist and cleric Jonathan Swift 
(1667-1745), transpired mostly in Britain and France over the 
entire stretch of the Enlightenment (roughly 1650-1800). Some-
times it is said that the two sides of the dispute — the ancients and 
the moderns — were contesting the relative merits of ancient (i.e. 
Greek and Latin) and modern (i.e. English and French) literature, 
although neither side denied the goodness of the ancient classics. 

A better clue to the nature of the dispute is the origin of the dis-
tinction between 'ancient' and 'modern' starting in the late thir-
teenth century, when the Scholastics wrangled over the adequacy 
of Aristotle's syllogistic approach to logic, which required that one 
suppose the existence of whatever one reasoned about. Here the 
`via antiqua' stood for a defence of Aristotle's logic, whereas the 
`via moderna', championed by the arch-sceptic William of Ockham 
(c.1285—c.1349), stood for those who wanted to adopt a proposi-
tion based logic, one whose major premisses would be formulated 
as hypotheses rather than straightforward existence claims. In 
other words, the moderns did not want to commit to the truth of 
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the premisses from which they argued before deriving their logical 
consequences. This detachment of substantive truth from formal 
validity became characteristic of the ironic stance of the Scholas-
tics at the end of the Middle Ages. On the one hand, it enabled 
them to entertain the possibility of a heliocentric universe and 
inertial motion, both of which contradicted the received word of 
Aristotle but was eventually vindicated by Galileo; on the other 
hand, it also prevented them from committing to the truth of these 
hypotheses. 

Similarly, in the Battle of the Books, the ancients held that the 
literatures of the West's founding cultures contained original 
truths that cannot be reduced to a formula or method whose struc-
ture later texts can elucidate. Rather, the contemporary reader 
simply needs to become sensitive to the subtlety of ancient expres-
sion in order to appreciate its natural superiority. In contrast, the 
moderns argued that the idiosyncrasies of the ancient texts are 
little more than that, and are therefore best taken as imperfect 
expressions of ideas that can be brought out more clearly today 
and even more so tomorrow, as we hypothesize what the ancient 
authors meant to say and then, using evidence unavailable to them, 
try to say it better ourselves. At the limit, the modern would 
replace all the ancient texts with contemporary ones that tran-
scended the limits, while preserving the best, of their precursors. 

This 'later is better' mentality marks the difference between 
scientific attitudes towards writing and broadly hermeneutical atti-
tudes that encompass not only the secular classics but more 
importantly, from a cross-cultural perspective, the religious ones 
as well.18  If the scientist sees past texts as rough drafts of future 
ones, the hermeneutician sees future texts as pale copies of the 
originals. It is worth noting that by the mid-nineteenth century, the 
Battle of the Books had reached the point of literary critics won-
dering whether modernism taken to its logical conclusion might 
altogether dissolve the very presumption of historical continuity 
between past and present texts, thereby reducing literary legiti-
macy to a function of immediate social context.19  While this senti-
ment drove an increasingly large wedge between the critics and 
practitioners of the arts (with the critics retaining the sense of his-
torical continuity and artists obscuring it), the sciences largely 
refused to take the next step into what we now call postmodern- 

ism. 
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The method of modernist metahistory: time-discounting 

The modernist rewriting of the past as the anticipation of the pres-
ent is crucial for explaining a feature of Western culture that has 
often been held responsible for the rise of science. Fortified by the 
original science policy shaman, Britain's Lord Chancellor Francis 
Bacon (1561-1626), Western inquirers did not fear any backlash 
effect from their experimental attempts to bend nature to their col-
lective will. Psychologically speaking, such organized fearlessness is 
most easily maintained under two conditions. 

1 The inquirers themselves do not need to live with the conse-
quences of their actions (perhaps because these occur in remote 
times and places, as in the case of environmental hazards). 

2 History is rewritten to such an extent that by the time these con-
sequences occur, they will seem to have been what were desired 
all along. 

These two conditions can be summed up as the systematic con-
version of a psychic liability into a virtue. It is the phenomenon that 
economists call time-discounting, or simply discounting, whereby 
people prefer the satisfaction of immediate desires to distant ones, 
even if the distant ones are likely to be greater, and the satisfaction 
of the immediate desires may jeopardize the satisfaction of the dis-
tant ones." A simple example is overweight people who gorge 
themselves on food now, although it undermines their long-term 
interest in losing weight. 

There are two schools of thought on whether or not discounting 
is rational. Welfare economics presupposes the patent irrationality 
of discounting. Accordingly, the function of the state is to compen-
sate for the human tendency to exaggerate the longevity of our 
immediate interests which leads us to discount the future too 
heavily.21  Compensation is provided by progressive taxation, social 
security insurance and other schemes to redistribute income, as well 
as incentives to invest rather than consume. Indeed, in his classic A 
Theory of Justice (1971), John Rawls (b. 1921) raised this counter-
discounting sensibility to a philosophical verity: that is, the best way 
to motivate a sense of social justice is by persuading agents that, at 
some point in their lives, they may end up in anyone's current situ-
ation, so they should not treat their present position, however 
favourable, as indefinitely extendable into the future 22  When forced 
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to decide from behind such a 'veil of ignorance', power relationships 
metamorphose into epistemic ones: when I accept a certain income 
redistribution scheme, I am not so much manipulating other people's 
lives as rationally planning for a prospect that may well become my 
own (e.g. the expectation of my eventual retirement). Consequently, 
one is placed in a frame of mind whereby the strong proprietary dis-
tinction among selves dissolves into an undifferentiated sense of 
social belonging.23  But for all its admirable qualities, had the welfare 
mentality successfully pervaded all spheres of activity in the West, it 
is unlikely that the `fearlessness' attributed to the Scientific Revol-
ution would have ever been manifested. 

This last observation suggests that we may not do justice to dis-
counters by reducing their world-view to the mistaken induction 
that one's immediate desires will continue in perpetuity. Rather, 
discounters should perhaps be given credit for the meta-level real-
ization that it is precisely this propensity for preferring the tempo-
rally near to the temporally far that will continue in perpetuity. In 
that case, by the time people reach the point at which they should 
regret their earlier decisions, the consequences of those decisions 
will have shaped what they now desire, thereby turning regret into 
acceptance, if not outright endorsement, as in the case of the 
phenomena associated with that complement of 'sour grapes', the 
phenomenon of sweet lemons.24  Thus, overweight people who con-
tinue eating and thereby fail to curb their obesity in the long term 
may eventually come to devalue the significance of achieving a 
`normal' weight. 

In other words, discounting is a rational strategy if one believes 
that the past is just as constructible as the future, or, as the French 
political sociologist Raymond Aron (1905-83) so elegantly put it, 
`The past is never definitively fixed except when it has no future'.25  
Such a sensibility gives the overdeterminationist history of science 
its plausibility because, somewhat paradoxically, the idea that 
reality has a deep, invariant structure to which our access may 
nevertheless improve over time presupposes that, if need be, we 
can discount long-standing beliefs in favour of a recent discovery, 
whose significance is sufficiently deep that we can imagine that it 
would have been recognized as such by our intellectual ancestors, 
had they stumbled upon it. Indeed, this argument was used to great 
effect by Galileo Galilei (1564-1642) in response to the Jesuits who 
wondered why, if his astronomical findings were true, they had not  

been registered by the Biblical patriarchs or Church fathers. The 
answer was that they never had the opportunity to look through a 
telescope — but had they, they would, presumably, have been drawn 
to Galileo's conclusion. 

Although many cultures have had elaborate literary recording 
practices, one increasingly prominent tendency in Europe set it 
apart as a culture ripe for the collective discounting of historical 
memory illustrated by both Galileo's response to the Jesuits and the 
retrospective colonization of the past noted in the previous section. 
That tendency — much to the consternation of the Roman Catholic 
Church — was the relatively uncontrolled production and distri-
bution of printed materials.26  Most commentators on the signfi-
cance of the printing press for the Scientific Revolution have 
focused on the sheer availability of books as making it unnecessary 
for new authors to summarize received wisdom before setting out 
their own contributions?? One could simply presume that readers 
had access to earlier works and then devote one's energies almost 
exclusively to one's own novel findings or conceptions. In this way, 
the pace of intellectual progress quickened. However, at least as 
important was the fact that books were disseminated from many 
different sources that often contradicted one another, especially in 
their characterization of the past and its legacy for the present. This 
simultaneous proliferation of texts erased any clear temporal 
source of knowledge. In this way, the continual rewriting of the past 
to serve present needs became a matter of implicit practice, if not 
official doctrine. Although it is common nowadays to associate 
scepticism about the search for historical origins with the work of 
Foucault, Derrida, and other postmodern thinkers, such scepticism 
was already present in the early modern period — for example, in 
the popularity of self-consciously mythical 'philosophical history' 
during the Enlightenment. Indeed, as the elusiveness of the spatio-
temporal coordinates of the West's Scientific Revolution continues 
to illustrate, even today relatively few branches of history are 
underpinned by an incontrovertible chronology. 

As the great German philosopher Hegel (1770-1831) first real-
ized when pondering exactly who or what could have a 'history', 
the establishment of canonical historical trajectories has required 
substantial state intervention, typically involving the mass in-
doctrination of students in state-sanctioned school textbooks. 
Not surprisingly, political history has been most susceptible to this 
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treatment, in which the familiar litany of dates of particular leaders, 
treaties and battles serves to underscore the legitimacy of the 
current regime. Indeed, it is often forgotten that the advent of pro-
fessional historical scholarship, especially its reliance on period 
documents as the main evidentiary base for historical claims, coin-
cided with the rise of what is known as Whig history; the form of 
overdeterminationism whereby the past lends its weight in support 
of present-day entitlement claims. The connection, as the young 
Lord Acton observed, is that heavy documentation interpreted in 
one's favour creates a burden of proof against any attempt to chal-
lenge the legitimacy of one's rule.28  

However, in the West, this practice has to be set against the back-
drop of an increasingly democratic political process, one which 
encourages contesting parties to revise continually the relative sig-
nificance assigned to the dates in the textbook chronologies, as well 
as the national goals they are meant to serve. The most famous pro-
grammatic statement of the sociology of knowledge, Ideology and 
Utopia (1929), by Karl Mannheim (1893-1947), can be read in this 
context, one in which the multiple schemes of historical significance 
projected by the spectrum of political parties in Weimar Germany 
together constituted ripe opportunities for 'shifting the goalposts' 
with each successive government, as would be expected of a society 
that was given to time-discounting.29  Lest one think that this 
phenomenon is confined to weak democracies struggling through 
volatile times, it is worth recalling how often such 'strong' and 
`stable' democratic regimes as the USA and the UK have altered 
the definition of such basic indicators of welfare as 'unemployment' 
and 'inflation' in ways that have made political expediency seem to 
coincide with some sense of increased technical sophistication. 
Rawls notwithstanding, this is discounting raised to the level of 
statecraft. 

However, it would be a mistake to regard this tendency as con-
fined to politics, If anything, the modes of time discounting in 
science are more pronounced. A good way to understand these 
modes is in contrast to the sense of history championed in recent 
years by Fernand Braudel and Immanuel Wallerstein.3° Here 
history is defined as the superimposition of temporal perspectives 
of varying durations, ranging from the point-like events that char-
acterize moments in political history, through the periodic rhythms 
of business cycles, to the more enduring features of the natural 
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environment that provide the background conditions for a people's 
long-term survival. These perspectives are distinguished primarily 
in terms of the extent to which past conditions continue largely 
unabated into the future. In contrast, the temporal perspectives 
enumerated below, while equally seen as superimposed, are based 
on the extent to which future conditions can reconstitute those in 
the past. In other words, the presence of time-discounting reflects 
the capacity for reflexive historical awareness. 

To see exactly what I mean, consider the following three senses 
in which the future can reconstitute the past, which together rep-
resent an increasingly reflexive sense of historical awareness. I shall 
then illustrate these with familiar contemporary orientations to the 
history of science. 

1 What you do now changes what you can do later but not what you 
wanted. This includes (at the individual level) self-defeating 
wants and (at the collective level) so-called `counterfinality 
effects', the most notorious of which is perhaps Garrett Hardin's 
`tragedy of the commons', whereby the individually rational 
actions of farmers eventuate in a collectively disastrous conse-
quence, the depletion of grazing land. This perspective, used to 
justify arguments for environmental protection, presupposes that 
neither the past nor the future can be changed; rather, past wants 
remain constant and are simply thwarted in the future. 

2 What you do now changes what you will want. This includes what 
social psychologists call 'adaptive preference formations', 
whereby one learns to like an outcome only once it has occurred, 
as in the complementary phenomena of sour grapes and sweet 
lemons noted earlier. Here future wants are reconstituted in the 
name of 'learning from experience', which is little more than an 
epistemological way of saying that past wants remain the same 
but future ones change. 

3 What you do now changes what you will have wanted. Here his-
tory is rewritten in the comprehensive fashion depicted by 
George Orwell in Nineteen Eighiy-four (1949), such that one no 
longer notices that a change has occurred. In other words, past 
wants are reconstituted to make it seem as though the future nat-
urally continues the attempt to satisfy them. Any evidence of dis-
ruption is removed from the historical record, and hence the 
West's much vaunted sense of 'fearlessness' is manufactured. 



100 Science 

Now for the corresponding examples from the history of science: 

1 The historian's perspective. A good example is Kuhn's account of 
scientific puzzle-solving as eventuating in anomalies, the accumu-
lation of which then precipitates a crisis in the paradigm. From 
this standpoint, a scientific revolution is always a long-term unin-
tended consequence of the pursuit of normal science, not some-
thing that comes about by design. `Rationality' in this context 
means nothing more grandiose than the research strategies that 
have proven most immediately useful to the scientific com-
munity, regardless of their long-term prospects. 

2 The philosopher's perspective. Here history appears as a collec-
tive learning process, in which scientists are presented as regu-
larly having to choose from among two or more theories. Thus, 
they must explicitly decide whether or not to continue their cur-
rent research trajectory on the basis of its `track record'. One 
thing that typically becomes evident from this track record is that 
long-standing conceptual problems with one's research pro-
gramme can be offset as being of 'merely philosophical' interest, 
once enough empirical success has been registered.31  

3 The scientist's perspective. The `positivist' textbook history of sci-
ence that is reconstituted with each paradigm-shift. It makes a sci-
ence's current problem-set seem to be the one towards which all 
prior research had been implicitly heading. Even apparent diver-
sions and errors are cast as being guided by an `invisible hand' or 
`cunning of reason', the full sense of which is typically realized by 
today's scientists, after having eluded their precursors. 

Taken in succession, these three temporal perspectives can be 
read as constituting a `slippery slope' of ever increasing rationaliz-
ation for whatever happens. Each stage is a bit more reflexive in 
that the future is discounted a bit more heavily in anticipation that 
such a rationalization will occur. The Western philosopher of 
science who has been most critical of this slippery slope is Feyer-
abend, who became notorious for proposing a `methodology' 
expressly designed to reduce the prospect of scientists making only 
the most conservative revisions of their theories when faced with 
discrepant empirical results.32  Such conservative manoeuvres, 
according to Feyerabend, would be tantamount to an adaptive 
preference formation, as the scientists would be wishfully presum-
ing that the discrepancy they have discovered exhausts everything  
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that is wrong with their theory — a rather improbable presumption, 
especially when made in the name of `methodological conserva-
tism', a principle that is most naturally taken to mean that the 
anomalous finding is only the beginning of one's epistemic prob-
lems and that consequently one should presume that more trouble 
lies ahead. Nevertheless, by minimizing the significance of such 
anomalies, a research programme can easily appear to be `pro-
gressing' by ever finer increments that asymptomatically approach 
a comprehensive understanding of the domain to which its theories 
putatively refer. The Feyerabendian antidote is to render the same 
evidence base compatible with as many different theories as poss-
ible, the coexistence of which would serve to remind the scientific 
community that even its historically privileged theories may be ulti-
mately shown to have been radically off-base. This counter-dis-
counting strategy may be compared with the one that Rawls 
implements in order to justify the redistribution of income under 
the guise of welfare. Specifically, both aim to instill an openness to 
alternative futures by defying our inductivist instincts to act as if 
our current situation will continue unabated in the future. 

The fruits of forgetfulness: the relative advantage of 
backwardness 

The economic historian Alexander Gerschenkron (1904-76) 
coined the expression, the relative advantage of backwardness, to 
capture the idea that latecomers to the Industrial Revolution made 
economic progress comparable to their predecessors in less time, 
not because they copied the pioneers, but because they learned 
from earlier mistakes and, more importantly, were forced to impro-
vise for institutions and practices they lacked.33  Gerschenkron's 
thesis trades on the intuition that necessity is the mother of inven-
tion, and that one can never be too efficient for one's good. Never-
theless, thinking about the advantages of backwardness has 
heuristic value at both the local and global level. Locally, it is useful 
for envisaging ways in which a society's need to respond to a situ-
ation not of one's own design can end up driving the subsequent 
course of its history. Globally, latecomer societies determine what 
had been 'necessary' versus 'contingent' in a trailblazer's success, 
thereby dispelling superstitious historical beliefs in the need to 
repeat exactly the same steps in order to achieve the same results. 
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All of this has a special relevance to our concerns in this book 
because the institution most responsible for the rise of science in 
the West (the university) was born of backwardness in the local 
sense, while the role of non-Westerners in defining science has 
largely involved capitalizing on, backwardness in the global sense. 

For his part, Gerschenkron was clearly targeting the unsophisti-
cated character of certain Marxist invocations to 'learn from 
history', especially Lenin's attempt to use the economic history of 
Western Europe as a blueprint for Russia. Nevertheless, Ger-
schenkron's insight can be joined fruitfully with that of the neo-
Marxist GyOrgy Lukacs (1885-1971), who argued that, in modern 
capitalist societies, the proletariat occupy the appropriate class 
standpoint from which a revolutionary consciousness can emerge. 
What Lukacs had in mind was that the working class is ideally pos-
itioned to sort out the materialist 'wheat' from the ideological 
`chaff' of the capitalist social order, for, while the working class 
does not have a vested interest in reproducing that order, its col-
laboration is required for the order's maintenance. A good example 
of the wheat and chaff requiring formal separation is the so-called 
iron law of wages: the tendency of workers' wages to gravitate 
around the subsistence level. David Ricardo (1772-1823) had pre-
sented this as an immutable principle of political economy that 
served the interests of both capitalist (who could then reinvest the 
surplus value drawn from the workers' unpaid labour) and worker 
(who would always be motivated to return to work in each day). If 
the history of capitalism were to be written from the standpoint of 
the proletariat, it would quickly become evident that Ricardo's 
putative law of human nature is really an abstract expression of his-
torically contingent power relations. We have, then, the first step 
towards removing the odious power relations and institutionalizing 
the genuine efficiencies afforded by the capitalist mode of produc-
tion in a more equitable social order. 

Besides specific 'laws' of capitalism, the very idea of capitalism 
can itself be regarded as resulting from the relative advantage of 
backwardness. Starting with Robert Merton's adaptation of Max 
Weber's The Protestant Ethic and the Spirit of Capitalism (1904), 
it has been commonly assumed that the link between the rise of 
modern science and capitalism lies in some direct connection 
between science and technology, with the latter interpreted as the 
primary mechanism of wealth creation. 34  However, the history of  
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Western science tells a different story. Until the late nineteenth 
century, virtually all economically relevant technological inno-
vations had been introduced by people whose formal scientific 
training was patchy at best. This point is often obscured by the 
eagerness with which the academic scientists of the day sought to 
explain why these innovations worked as well as they did, once 
they had already been deemed successful at a practical level. Not 
only did such explanations provide still wider societal legitimation 
for the technologies in question (by being deemed reliable accord-
ing to known scientific principles), but they also legitimated the 
academic scientists themselves, whose relevance to the liberal arts 
curriculum was still in question. The relationship between the 
invention of the steam engine in the eighteenth century and the 
rise of the science of thermodynamics in the nineteenth century is 
the most obvious case in point. However, to locate the real sense 
in which the fates of science and capitalism have been coupled, 
one would do better to study the autonomization of, respectively, 
education and the economy that marked the devolution of the 
Roman Empire and the inadequacy of its feudal replacements. 
The world-systems theorist, Wallerstein, has stressed this point 
with regard to the rise of capitalism, but it is only now beginning 
to be forcefully made with regard to the rise of science in the 
West.35  

According to Wallerstein, the increasing inability of imperial 
bureaucracies to redistribute farming surpluses and the local inef-
ficiencies of manorial agricultural production opened the door to 
the organized forms of piracy and forced exchanges that eventually 
metamorphosed into 'trade routes' and 'market towns'. This is the 
context in which the West's modern preoccupation with limitless 
growth should be understood: as a kind of insurance against risk. 
The insatiable desire to accumulate wealth and transact goods —
sentiments that were deemed intemperate by the classical Greek 
philosophers — were born of the need to pre-empt an anticipated 
loss, be it the result of decadence from within, barbarism from 
without or simply the Biblical decline of 'man'. Whereas Aristotle 
genuinely believed in the prospect of a steady-state economy in 
which people grew, made, bought, and sold only that which was 
necessary for their subsistence, during the Middle Ages this image 
was increasingly replaced with one in which economic well-being 
was bound to deteriorate if not actively maintained, and, perhaps, 
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if not overcompensated.36  From this need to concentrate so intently 
on the maintenance of economic well-being came capitalism. 

Islam, the first topic of our next chapter, provides a striking con-
trast. Built as it was on arid land, Muslim civilization was held 
together by state-supported irrigation projects, whose construction 
and maintenance required the coordination of vast networks of 
technical workers. Because advances in science were thus readily 
seen as advances in statecraft, a considerable investment was made 
in developing the madrasas, the first residential colleges. However, 
the fates of these colleges were tied to the fortunes of their politi-
cal patrons. Islamic law did not guarantee the colleges the corpor-
ate autonomy that would enable their inquiries to continue in 
perpetuity. That idea - the university - was a Western innovation, 
one born of the disorganization of feudal Europe, where rulers 
were often more than happy to grant autonomy to self-constituting 
groups that kept the peace and abided by minimal standards of 
political loyalty.37  It was still a long way from establishing insti-
tutions of pure inquiry to legitimating the natural sciences as we 
know them today. However, a decisive point was that under Roman 
law, the category of universitas covered not only (or even primarily) 
institutions of higher learning, but also craft and trade guilds. While 
this equality of legal status enabled a kind of commerce between 
`scholars' and 'artisans' in the cities that never really existed in the 
more highly stratified civilizations of the East, the sight of the 
different classes jostling for space in overcrowded streets was 
bemoaned at the time as symptomatic of social disorder.38  Indeed, 
if most intellectuals of the High Middle Ages had their way, they 
would have preferred the strict separation of 'head' and `hands' 
that characterized classical Athens and Rome. In other words, what 
are now widely regarded to have been the social and economic pre-
conditions for the rise of science in Europe were regarded in their 
day as signs of decline. 
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6 

Western Science from 
the Outside In: 
The View from 

Islam and Japan 

Islam: scientific autonomy as Western sacrilege 

Islam presents an interesting challenge to both under- and over-
determinationist metahistories of science. However, the challenge is 
easily lost amidst the blizzard of discourse surrounding multi-
culturalism, which, at least in its Western incarnations, tends to 
homogenize the sense of 'difference' that non-Western cultures sup-
posedly provide to the West. Take a canonical multiculturalist work, 
such as Edward Said's Orientalism (1978), which dwells on the por-
trayal of Asiatic peoples in European literature and scholarship over 
the past 200 years.' By treating the exoticization of Asia as itself a 
uniform phenomenon ripe for deconstruction, Said unwittingly con-
tinues the tendency to homogenize difference. Of course, after 
Said's work, the exoticism has gone into reverse. The phenomenon 
of Orientalism is now taken to reveal more about how Europeans 
think than about how Asians think — but the lumping of 'them' 
versus 'us' remains.2  

A casualty of this approach is that Westerners rarely appreciate 
the difference between a culture whose roots are virtually indepen-
dent of Europe's and a culture that is largely an alternative develop-
ment of the common heritage it shares with modern Europe. In 
terms of Asia, China epitomizes the former, and Islam the latter.' 
Here it is instructive to examine a group of cosmopolitan Muslim  

intellectuals collectively known as the 'Islamic revivalists', for whom 
Islam's unique historical status posed a specific practical challenge: 
Ahmad Khan (1817-98), Jamaluddin Afghani (1839-97), and 
Mohammed Abduh (1849-1905).4  Writing in the late nineteenth 
century, they upheld Islam as the revealed word of Allah, but admit-
ted that the Muslim world had fallen into decline, due largely to the 
spiritual failure of its own leaders, which made it vulnerable to the 
West's opportunism. 

However, the Islamic revivalists found themselves in an awkward 
position with regard to Muslim history. On the one hand, they 
wanted to claim for Islam many of the achievements, especially in 
science, that the West took be definitive of its own sense of 
progress; on the other, while conceding backwardness, they still 
wanted to distance any future development of Islamic science from 
the more patently materialistic and destructive features of Western 
science. Thus, we may think of these reformers as having agreed on 
the following five theses. 

Islam and Christianity have essentially the same origin and rep-
resent alternative ways of continuing that common heritage. 

2 Initially, Muslims deliberately refused to follow the West's path 
of allowing science to become so autonomous from the rest of 
society that it frequently threatened its moral constitution. In 
contrast, the West has pursued knowledge at the expense of 
wisdom. 

3 Nevertheless, Islam's own historical trajectory must equally be 
rejected, as it has led to an ossified doctrinal consensus that has 
failed to accommodate changes that have taken place in the 
world over the past five centuries. 

4 But the revival of Islam must do more than project a utopia that 
ignores the Muslim world's long period of decline. Rather, it 
must learn from that history and selectively appropriate elements 
of Western history that could aid in Islam's revival. 

5 The rhetorical challenge of modern Islam, then, is to return to 
that original fork on the road where Christianity and Islam 
parted company and to pursue a form of knowledge infused with 
the teaching of the Qur'an that is at the same time recognizable 
as scientifically progressive. 

Looking over this list, the extent to which the mutual under-
standing of Islam and the West, until very recently, has rested on 
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common historical misunderstandings is striking. Two sorts of 
misunderstanding are especially apparent from the onset of Islamic 
revivalism. The first is the failure to see that the social conditions 
for promoting science in Islam and the West were still not so far 
apart, even perhaps as late as the time the revivalists were writing. 
The second is the failure to see that the West has indirectly bene-
fited from its having been politically, economically and culturally 
less advanced than Asia for most of its history.5  

Let us start with a question. In what sense had the West surpassed 
Islam in science in 1900? I mean to signal an issue raised earlier, 
when discussing the relative strengths and weaknesses of the two 
metahistories of science - namely, that to explain the origin of a 
concept or technique is not to explain its diffusion. On the one 
hand, several philosophically inspired distinctions threaten to turn 
this observation into a banality. Logicians routinely invoke the 
`genetic fallacy' to ward off those who would judge the validity of 
an argument on the basis of its origins. After Whewell, philoso-
phers of science have routinely distinguished contexts of 'discovery' 
and 'justification' to similar effect. On the other hand, even rela-
tively sophisticated historical accounts of science, such as Thomas 
Kuhn's, continue to focus their narratives entirely on front-line 
researchers (as opposed to those who apply or teach the know-
ledge), who are themselves presented as completing the vision set 
out by some heroic predecessor, as in the case of the 200-year 'New-
tonian paradigm' in physics. At the start of Chapter 5, I noted that 
scientists are especially prone to see things in Kuhn's way. To coun-
teract this bias towards the heroic, it is worth remembering that the 
Scientific Revolution did not occur overnight even in the West. 
There are some very substantial timelags between the emergence 
and adoption of revolutionary scientific ideas. A good example is 
the modern science of anatomy and physiology, one of the great 
Renaissance accomplishments of Andreas Vesalius (1514-64) and 
his Italian colleagues, which did not figure in Western medical prac-
tice for another three centuries.6  In other words, explaining the 
spread of science across the face of Europe itself turns out to be just 
as much a matter of 'uneven development' as explaining its spread 
across the rest of the world. 

The Islamic revivalists thought they could explain why science 
(supposedly) spread so much more quickly in the West than across 
Islam. They were in general agreement that Islam's failure to adopt  
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the Western practice of separating Church and State was the source 
of the natural sciences' failure to gain a proper footing in the major 
Muslim universities, be it the Aligarh near Delhi (Khan), the Uni-
versity of Istanbul (Afghani), or the El-Azhar in Cairo (Abduh). 
What the reformers had in mind, of course, was not the removal of 
religious training from the curriculum, but rather the elimination of 
theological oversight on scientific subjects. Yet, while Western 
observers encouraged these reforms, it was not because their own 
institutions of higher education were fully in the hands of secular 
authorities, or even that the elimination of theological oversight 
had demonstrably improved Western institutions. Indeed, the 
country where the laity's victory over the clerics was most loudly 
advertised - France under the Third Republic - was also the one 
whose institutions of higher learning were in most disrepute, mainly 
because 'secularization' had opened the door to faculty blurring cri-
teria of intellectual distinction and public notoriety, a tendency that 
arguably continues to the present day.7  

Moreover, one should not conclude from the fact that ecclesias-
tical authorities were not directly involved in the governance of 
European nation-states that they had lost all control over the reins 
of power in the West. Even in the scientifically most advanced 
country of the time, Germany, the number of university students 
matriculating in all the natural sciences combined did not equal the 
number in theology until 1898.8  Even more striking is the case of 
Germany's world-famous interdisciplinary research institutes, the 
Kaiser Wilhelm Gesellschaften (now called the Max Planck Insti-
tutes), which pooled the resources of the academy, the state, and 
industry to develop the first of what are now regarded as 'Big 
Science' projects. The force behind their development was the 
country's leading theologian, Adolf von Harnack (1851-1930), in 
his role as research minister.9  A secret of the West's ongoing 
success, then, was not the marginalization of Christian theology, but 
its active support of the natural sciences. Lest we forget, Whewell, 
the man who coined 'scientist' in English as the name of a profes-
sion (training for which deserved a place in the Oxbridge curricu-
lum) was himself a confirmed Anglican priest. 

Over the past century, it has also been common to bemoan the fact 
that, in the Muslim countries, the diffusion of scientific and techni-
cal innovations was largely restricted to the military institutes and 
not integrated into the general university curriculum. In particular, 
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the decline of the Ottoman Empire has been attributed to such a 
blockage in the transmission of scientific ideas.10  However, this 
pattern is not so very different from the West's own experience. In 
Britain, France, Germany, and the USA, the first institutions of 
higher education to make natural science and technology a part of 
their ordinary curriculum were likewise the military academies, 
which had begun to evolve into full-fledged polytechnics by the end 
of the eighteenth century, as ambitious rulers followed Napoleon's 
lead in regarding civil engineering projects as a productive way to 
deploy their professional soldiers in peacetime. In any case, this was 
over a century after the Scientific Revolution had taken place and 
nearly a full century before these technical subjects were generally 
seen as fit for genteel civilian consumption." How long, then, did it 
take for science to spread across the West itself? 

The answer varies from country to country, of course, but it 
generally corresponds to the introduction of compulsory mass edu-
cation towards the end of the nineteenth century and the insinua-
tion of scientific studies, often quite basic, in vocational training at 
roughly the same time. Indeed, the most significant difference 
between the educational patterns in European and Muslim coun-
tries was to be found not in the tertiary sector — where the Muslim 
figures were often more impressive than the European ones — but 
at the primary and secondary school level, where the Europeans 
were much more effective at what we would now describe as 'laying 
down the infrastructure for an information society' by ensuring 
basic levels of literacy and numeracy. Thus, 100 years ago, Egypt's 
El-Azhar enrolled over 10,000 students in a country with a popu-
lation of 5.5 million, whereas the combined enrolment of all British 
universities in the same period was 20,000 students from a popu-
lation of 39 million.12  The university curriculum in both countries 
was highly biased towards theological and humanistic studies, and 
the academic elite were generally suspicious of scientific and tech-
nical subjects. However, upon examining educational differences 
below the elite level, it immediately becomes clear why Britain was 
the resident colonial power in Egypt, and not the other way around. 
Specifically, the basic literacy rate of Britain was ten times that of 
Egypt." Unfortunately, because the history of science is still con-
ceptualized — in both East and West — as the circulation of elites, 
the overriding significance of a policy as humble as the provision of 
basic technical training for the masses can easily be neglected. 
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So far, I have spoken about the Islamic revivalists as if they held 
identical views, when in fact they represent interestingly different 
approaches for the mutual accommodation of Islam and the 
Western scientific world-view. A chronological ordering of their 
activities reveals an increasingly critical engagement with the 
content of Western science. 

The first revivalist, Ahmad Khan, was eventually knighted by 
Queen Victoria for his work in promoting cross-cultural under-
standing among the Muslims, Hindus, and Christians of India. 
Khan sought common intellectual ground among the three world 
religions. This led him to endorse a form of naturalism based on the 
metaphysics of atomism, which resonated with the Greek roots 
common to Christianity and Islam, as well as the current scientific 
age. In addition, atomism's belief in bodily death as a transition in 
the recombination of atoms was reminiscent of the Hindu doctrine 
of the transmigration of souls. However, Khan was criticized by 
more radical Muslims for stressing precisely those features of the 
Oriental heritage that were most conducive to rendering them sub-
missive in the face of Western imperialism. After all, the ethic clas-
sically associated with atomism had been the passive acceptance of 
the ephemeral nature of material forms, which in practice led to 
fatalism, since the principles of atomic combination were taken to 
be permanently below the threshhold of human perception. 
Indeed, atomistic thinking first became widespread among the 
Greeks, as the doctrine of Epicurus, only once Alexander the Great 
had conquered them. It is true that by the end of the nineteenth 
century, atomism had become the ascendant philosophy among 
Western experimental scientists, who used it to argue that there is 
a limit to reality — the atomic constituents of matter — that is the 
ultimate goal of physical inquiry. However, such a philosophy only 
helped those who already held power as it seemed to implicitly 
downgrade the observable world in which the bulk of humanity 
dwelled. Indeed, this argument figured not only in the Muslim 
debates but also in Western ones at roughly the same time, especi-
ally Ernst Mach's 'last stand' against atomism as the vehicle of 
elitist science more generally. 

Much more politically assertive was Jamaluddin Afghani, an 
inspiring and controversial speaker in radical forums throughout 
Asia, Africa and Europe. Afghani operated with a bifurcated strat-
egy for elite and mass audiences. He urged the elites to concede the 
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West's indictment of Islam's decadence as mostly self-inflicted, as 
religious leaders exerted so much control over civil affairs that they 
stunted the growth of Muslim science after its medieval heyday. 
Indeed, when addressing European audiences, Afghani seemed to 
suggest that all religions, Islam included, were ultimately symbolic 
expressions of group solidarity that, over time, would be replaced 
by the rational forms of authority that characterized modern 
Western science and government. Afghani was clearly impressed by 
the great strides that Germany had made towards political unifi-
cation, which enabled it to challenge Britain's position as the 
leading imperial power by the end of the nineteenth century. Thus, 
he had no illusion that the acceptance of science was tantamount 
to an endorsement of the military-industrial complex that con-
tinued to be regarded as barbarous by many traditional Muslim 
intellectuals. However, Afghani also believed that the secret to 
science's strength would be, at least in the short term, unavailable 
to the bulk of the Muslim peoples, who were better presented with 
the usual demonic image of the West that required a reassertion of 
their commitment to the faith. Not surprisingly, both the elite and 
mass messages ran afoul of Islam's religious authorities, and 
Afghani found himself a political fugitive for most of his life. 

Nevertheless, Afghani's strategy was deeply rooted in the history 
of Islam itself, especially the Double Truth doctrine of the great 
twelth- century Spanish Muslim philosopher alternatively known as 
Ibn-Rushd or Averrods (1126-98), who must be counted as one of 
the most interesting figures in the history of cross-cultural recep-
tion. After concluding our survey of Islamic revivalist attitudes 
towards science, we shall delve a bit more deeply into the Averroist 
sensibility, as much of the subsequent intellectual development of 
Christendom and Islam - why the one embraced the trajectory that 
led to modern science and the other rejected it - can be explained 
by the striking difference in how Averroes was received. 

For his part, Muhammad Abduh, the spiritual leader of Cairo, was 
keen to contain the potentially corrosive effects of Afghani's Aver- 
roism. While Abduh conceded the decadence of Islam, he refused to 
grant Afghani that it was self-inflicted, but held that it was the direct 
result of its Western captors who instilled the sense of fatalism that 
the likes of Khan wished to rationalize. Moreover, had Islam been 
permitted to run its natural course, it would have reaped science's 
generally acknowledged benefits without the destructive conse- 
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quences that have accompanied them. Abduh's reasoning was based 
on Islam's greater insistence than Christianity that knowledge pro-
duction be in service of a communal ethic, one that would have never 
permitted the sort of runaway technology which Westerners 
misidentified as 'science for its own sake'. As Abduh saw it, most 
forms of Christianity remained focused on the hereafter, and hence 
refused to take a more active interest (other than occasional censor-
ship) in shaping the scientific world-view that had indiscriminately 
come to underwrite both beneficial and destructive technologies. 

What is nowadays known as 'Islamic fundamentalism' embodies 
many of Abduh's attitudes, tinged, however, with Afghani's 
realpolitik attitude towards the power of science and often the 
rejection of local Muslim authorities, who are regarded as having 
given too much ground to secular powers. Thus, recent years have 
witnessed an unprecedented number of Muslims matriculating in 
the natural sciences and engineering at Western universities, all the 
while upholding the belief that the knowledge they acquire remains 
in captivity until harnessed to the unifying vision of Islam. The 
figure who has most embodied this unique combination of Islamic 
religious renewal with a strategic embrace of Western science has 
been Abduh's fellow Egyptian, Sayyid Qutb (1906-.66).14  

The phenomenon of Islamic revivalism raises three general 
issues about the nature of science that would not have come out so 
clearly, had we focused exclusively on the history of Western 
science. In the first place, there is something strange, or at least idio-
syncratic, about the Western idea of pursuing knowledge for its own 
sake without any specification of the sort of knowledge that is worth 
having. From a philosophical standpoint, Islamic revivalism ques-
tions the sharp line that Westerners have drawn between episte-
mology 

 
and ethics, that is, the pursuit of inquiry from the pursuit of 

the good.15  However, the presence of this division in the Western 
science curriculum - a source of science's so-called value-neutral 
character - has enabled devout Muslims to become competent 
scientists without having to renounce their faith and become 'West-
ernized' in the process. Instead, they simply insert their own values 
where the West provides no moral direction. Islam's difficulties 
with the West's singleminded embrace of science is instructive in a 
second sense. The many ends that human beings are expected to 
pursue simultaneously in one lifetime make it unreasonable to 
demand that knowledge be pursued for its own sake - that is, as 
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efficiently as possible, regardless of its impact on other aspects of 
one's life, not to mention the lives of others. Thirdly, as the vexed 
legacy of Averroes will shortly reveal, we may ask how the pursuit 
of knowledge can be regarded as a universal human good, if, as 
Averrods thought, the mass of humanity had to be sheltered from 
science's potentially destabilizing consequences? Contrary to what 
even the Islamic revivalists themselves thought, the West's answer 
to this question came in the form of a short-term incapacity that 
provided the basis for a long-term virtue, the 'relative advantage of 
backwardness', in Gerschenkron's terms. 

From the mid-eighth century to the mid-seventeeth century, the 
Muslim realm was more far-flung, tight-knit, and wealthy than the 
feudal kingdoms and city-states scattered across the face of Chris-
tendom. Indeed, a commonplace among medieval historians is that 
`Europe' would never have been such an attractive idea to rally 
around, had the continent's inhabitants not shared the threat of an 
expanding Islam. In the words of the great medieval historian, 
Henri Pirenne (1862-1935), 'No Charlemagne without Muham-
mad'. A more controversial, but probably no less true, claim is that 
the Mediterranean regions of Europe most often cast as innovators 
in science and technology during the Renaissance were acting more 
in the 'Japanese' spirit of reverse engineering with the intent of pro-
ducing technically improved versions of Muslim (and, for that 
matter, Chinese) innovations. However, the interconnectedness of 
Muslim rule, which enabled relatively good patterns of communi-
cation among scholars in Spain, Egypt, and Persia, also made it 
easier to subject intellectual life to direct political control. In some 
cases, this had a clearly salutary effect. Consider the famed Muslim 
drive for synthesis, which made Arabic the first genuinely cosmo-
politan language of thought, one that integrated the heritages of 
Graeco—Roman, Judaeo—Christian, and Indo—Iranian cultures 
under a single conceptual rubric long before Latin came to play that 
role. That drive was nurtured by the pedagogical needs of students 
training for civil service. The downside of political control became 
apparent once religious and secular authority was synchronized to 
such an extent that the Muslim world became a de facto theocracy. 
This did not come about very quickly or by design, but neverthe-
less was the result of taking seriously the idea that a common faith 
was the ultimate source of legitimation for so many people encom-
passed under one regime. 
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Although Islam's sense of the sacred, like Christianity's, is 
located in the believer's encounter with the Word of God as tran- 
scribed in His Holy Book, professional interpreters of God's Word, 
the ulama, soon emerged. While this development bears some 
resemblance to the priestly class of the Roman Catholic Church, 
there were two important differences. First, Christendom never 
enjoyed the degree of political integration needed for the enforce-
ment of a religious orthodoxy, however much St Augustine would 
have wished to establish a 'City of God' on Earth. Heretical 
religious leaders inspired by a bewildering array of imaginative 
readings of the Bible can be found throughout the history of Chris-
tianity. In most cases the Church was powerless to do more than 
threaten them. Moreover, as the Church's own material stakes 
grew, it was forced to depend on the goodwill of secular leaders for 
protection. Thus, Christ's dictum, 'Render unto Caesar what is 
Caesar's, but render unto God what is God's' eventually became a 
slogan of mutual accommodation. Institutions developed — notably 
the confessional — that made it relatively easy for kings and princes 
to be absolved from the morally dubious aspects of their lives. A 
second difference, one resulting from the Church's accommodation 
of the religious and the secular, was that the preservation of Chris-
tian doctrine became increasingly identified with monastic and 
scholastic specialists who resided in abbeys and universities out of 
the line of political fire. By contrast, the Muslim ulama held increas-
ingly influential secular positions alongside their religious functions 
that enabled them to mediate, survive and even flourish in the midst 
of dynastic infighting. The most important historical consequence 
of this difference is that Christendom was more tolerant than Islam 
of the Platonic idea that there are two truths, one for an elite shel-
tered from political interference and one for the masses. 

Medieval Europe owed most of its understanding of Greek phil-
osophy — and certainly the revival of interest in Aristotle and 
natural philosophy — to Averroes and other Muslim commentators. 
Yet, the Muslims themselves have often been characterized as 'anti-
philosophical' in outlook. At work here is a difference in the social 
function of religion and philosophy in the two cultures, where 'phil-
osophy' is a non-theological science, the pursuit of knowledge for 
its own sake, regardless of where it may lead. Averrods is primarily 
known to Muslims as the person who mounted the last great 
defence of philosophy against the religious proscriptions of 
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Al-Ghazali (1058-1111). Al-Ghazali, the leading theologian of his 
day, had argued that according to the Qur'an, God is capable of 
directly intervening in worldly affairs. Moreover, it is this capacity 
that enables God to be the sort of being who can command the 
respect of humans. Any philosophy that does not proceed from 
these premisses, concluded Al-Ghazali, is simply 'incoherent'. If it 
appears that God can exist outside of space and time, yet continue 
to operate within it, then that mystery merely exemplifies the 
quantum leap from human to divine intelligence. Averrods, 
drawing on his own background as a jurist, replied that, as a matter 
of fact, the Qur'an offered conflicting accounts of God's capacities, 
which required higher-order interpretive resolution. Here auxiliary 
philosophical considerations could play a decisive role. In particu-
lar, God would not be a perfect being if he could be influenced by 
events in space and time (such as prayer). Indeed, that God would 
feel the need to monitor his Creation suggests that he had not done 
it right the first time. From this Averrods concluded that God must 
wholly transcend space and time, and therefore be literally unin-
volved in the everyday affairs of his Creation. 

This argument had two important but controversial conse-
quences. One, which Averrods presented in the spirit of reconcili-
ation with his theological opponents, was that philosophy could 
destroy the faith of weaker minds and thus could only be cultivated 
by a scholarly elite divorced from any religious functions. Presum-
ably, in his unfettered search for truth, the philosopher would retain 
and even strengthen his faith, since it would be purified of unreli-
able analogies and images that appeal to the mass mind. This was 
a familiar theme from Plato's critique of rhetoric and his remarks 
about the training of philosophers. However, Plato's version of the 
Double Truth doctrine was proposed in the spirit of philosophers 
exercising self-restraint by not letting secular ambition pervert their 
intellectual powers. Averrods's arguments were made in a rather 
different context, one which aimed more simply to keep open a 
space for philosophical arguments to be aired. Read in these terms, 
Averrods seemed to insinuate that theologians like Al-Ghazali 
were basically in the business of manufacturing myths for popular 
consumption, while the 'real' truth-seekers deserved to be shel-
tered from such a corrupt practice. This clearly flew in the face of 
Islam's self-image as a world religion ever in search of converts to 
the Word of Allah. Though he claimed to be a devout Muslim. 
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Averroes's main concern, like Plato's, was that the pursuit of 
inquiry not be compromised by public interference. Thus, he 
wanted less to expand the spiritual horizons of the masses than to 
contain their worst effects. 

The second consequence of Averrots's argument was only fully 
developed once Thomas Aquinas (1225-74) introduced his work to 
Christendom. If we grant that divine Creation is already in its com- 
pleted and perfect form, as Averrqds did, then a good way to 
discern the divine plan would seem to be by studying Creation 
itself, which is to say that natural philosophy becomes more than 
just a permissible activity alongside Biblical commentary. Indeed, 
taken to its logical extreme, Averrots could be interpreted as saying 
that even God is bound by the laws of nature, a claim that would 
bring him very close to the modern sensibility of regarding the 
search for regularities in nature as a surer route to God's mind than 
even Biblical commentary. Given these interpretations of his work, 
Averroes unsurprisingly earned the honour of having a Christian 
heresy named after him. But the religious condemnation heaped 
upon the 'Averroists' resident at the University of Paris by the local 
bishop in 1277 did little more than expel them from the university 
and divest them of their theological credentials. Thereafter, the 
leading Latin Averroist, Siger of Brabant (1235-84), fled to North-
ern Italy, where his followers spent the next three centuries train-
ing the people who would become the scientific leaders of the 
Renaissance, most notably Galileo. 

Since the time of Al-Ghazali, Islam has generally held that the 
pursuit of science is justifiable only if it serves the needs of the 
Muslim community (which potentially includes all of humanity). In 
practice, this has meant that Muslim attitudes towards science have 
veered between two extremes, at least if we take the history of 
Western science as the norm. On the one hand, there has been great 
hostility towards any new knowledge that might cast aspersions on 
the validity of the Qur'an. On the other, there has been great 
enthusiasm for organizing all forms of knowledge under the value 
system licensed in the Qur'an. In contrast to these extremes, and 
reflecting at least as much political feasibility as intellectual toler-
ance, Christianity has typically settled for permitting the pursuit of 
science to the extent that it did not openly contradict the Bible or 
the Church Fathers. Galileo managed to aggravate his Jesuit 
inquisitors because he refused to accept the compatibility of 
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Copernicus's sun-centred universe and the Bible. He held that the 
two contradicted each other and that Copernicus was right. 

In the Western tradition, William of Ockham provides an inter-
esting point of comparison with Al-Ghazali in terms of their atti-
tudes towards the relationship between God and his Creation. 
Ockham is nowadays known primarily for `Ockham's Razor', his 
injunction not to postulate the existence of entities unless they are 
needed to explain the phenomenon at hand. In today's world, 
Ockham's Razor is the principle most likely to be invoked when, 
say, evolutionary biologists want to show that it is not necessary to 
invoke a divine plan to explain the origin and development of life 
on Earth. However, in terms of our previous discussion, Ockham is 
noteworthy for having been one of the scholastics whose Parisian 
teachings conformed to the 1277 edict. Both Al-Ghazali and 
Ockham agreed that God can create any possible world he wants 
and that we have no way of knowing whether the one before our 
eyes is the ultimately real one. Nevertheless, the different social 
positions of the two theologians conditioned the conclusions they 
drew from this set of shared beliefs. Al-Ghazali, who ministered to 
the faithful, stressed the idea that one should be grateful to Allah 
that the world displays any order whatsoever, with the precise iden-
tity of that order forever remaining a mystery. Ockham, who taught 
only those enrolled in university studies, used the unfathomability 
of God's mind as an opportunity to entertain alternative hypothe-
ses about the nature of physical reality, including supposing that — 
contrary to common sense — the Earth moved relative to the sun, 
rather than vice versa. Not surprisingly, the expulsion of the Aver-
roists from the theology faculty, combined with the remaining the-
ologians' freedom to explore divine possibilities esoterically, led 
Pierre Duhem to argue that the foundations of the modern scien-
tific mindset were laid down by the 1277 condemnation.16  

Moreover, the explicitly communal character of Islam meant that -, 
anything that smacked of an elitist appeal would have been seen as 
divisive to Muslim authorities, whereas elitism could always be justi-
fied in the Christian context as an effort to set an example of enlight- 
ened spirituality for the rest of the community to follow. In this way, 
the Platonic desire for a static hierarchy of believers, each equipped 
with a competence appropriate to their station, metamorphosed in 
Christendom into a dynamic programme, an inchoate theory of 
progress that laid down the steps through which one needed to pass 

to acquire the superior knowledge already possessed by the van-
guard. Given that Averroes justified his support of an elite philo- 
sophical class on the basis of internal contradictions present in the 
Qur'an, it is perhaps not surprising that his proposal was seen as 
insulting the intelligence of those who ministered to the faithful. 
Moreover, the fact that Averroes's arguments were cast in the elite 
language of philosophy ensured that the Christian scholastics would 
be more likely to pick up on them than rank and file Muslims. 

The rhetorical strategy of his Christian descendant, Galileo, 
could not be more different. First, he justified the examination of 
arguments that went beyond Scripture on the grounds that the 
Church fathers had not the opportunity in their day to examine the 
evidence (say, through the telescope) that became available only 
in Galileo's time. In other words, Galileo was careful not to imply 
that the failure of Scripture was related to some intellectual short-
coming — such as inconsistency — on the part of its author and inter-
preters; rather, the failure was diagnosed in terms of the simple fact 
that they were not acquainted with techniques of knowing that had 
become available only after the time they lived. Admittedly, 
Galileo's self-defence was not entirely successful as he was under 
house arrest for the final years of his life. However, his writings 
were themselves sufficiently accessible, with many written in the 
Italian vernacular, to enable a relatively large portion of the liter-
ate population to consider and extend his initiatives, which culmi-
nated in what we now regard as the Scientific Revolution that 
transpired later in the seventeenth century. 

When Afghani sought a Western model for breathing new life into 
Muslim civilization, he turned to the great Protestant reformer 
Martin Luther (1483-1546), whose promise of spiritual rebirth was 
a response to the Church's morally uneven influence on the world." 
Moreover, the regimes proposed by such reformers as Luther and 
John Calvin (1509-64) resembled what had already existed in the 
Muslim world for the past 250 years: activities were permitted only 
if they could be suffused with religious significance. Thus, while the 
Lutheran university in Wittenberg, Germany was the first academic 
institution to teach Copernican astronomy, the faculty carefully 
stripped the theory of its revolutionary explanatory framework and 
treated it as a refinement of Ptolemy's celestial readings. In this way, 
they avoided Luther's own legendary suspicions that Copernicanism 
was a papist plot for adding yet another layer of mediating authority 
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between the faithful and their understanding of Scripture, let alone 
common sense. For its part, Calvin's Geneva, the closest that Protes-
tantism ever got to a pure theocracy, countenanced a variety of 
science policy initiatives that included the execution of competing 
reformers such as Michael Servetus (1511-53), whose account of the 
lungs' contribution to the blood's circulation appeared in a theolog-
ical tract that denied the Holy Trinity and the need for infant 
baptism. However, in the case of Copernicus, Calvin seemed to rein-
vent the Double Truth stance, when he criticized the astronomer's 
followers more for inflaming the masses with thoughts they could 
not handle than with the pursuit of novel astronomical hypotheses 
as such.18  In light of this lingering Averroism, it may be reasonable 
to interpret the frequent calls by natural scientists in seventeenth-
century Europe to have their activities sheltered from religious or 
public scrutiny as a subtle strategy for maintaining order in the 
larger polity. In contrast, the Roman Catholic Church issued a char-
acteristically divided judgement on the work of that Polish cathedral 
canon, Nicolaus Copernicus (1473-1543): while the Jesuits were per-
secuting Galileo for Copernicanism in Rome, they were also pro-
mulgating Copernican doctrine as part of their missionary work in 
China. The Protestant sects that failed to establish political sover-
eignty tended to be still more liberal about the new scientific ideas, 
most notably in Britain and France, which housed the first scientific 
societies of any considerable duration and support. 

The point of this inventory of religious attitudes towards science 
is not to credit or blame certain religions, but rather to highlight the 
indirect epistemic advantage afforded by the political incapacity to 
impose a doctrinal consensus.19  As a point of statecraft, this insight 
is normally credited to the main philosophical architect of the US 
Constitution, James Madison (1751-1836). Under the rubric of 
`checks and balances', Madison commended the incapacity to 
impose a doctrinal consensus as a design feature of good govern-
ment. Similarly, religions will appear scientifically progressive when 
they can use science to challenge an orthodoxy that threatens the 
expression of their basic beliefs, but not when they can enforce a 
common mind-set on their members. For example, if (or rather, 
when, given the fallibility of even the most indomitable of scientific 
theories) the theory of biological evolution by natural selection 
yields to a version of evolution that incorporates a sense of cosmic 
intelligence, it is certain that some historians will portray  
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Figure 6.1 The relationships between science and religion in Islam and 
the West. 

Creationists as having been prescient for highlighting the sort of 
anomalous evidence that today they brandish at evolutionists to 
little avail. Arguments that now appear reactionary will probably 
contribute to the next scientific revolution as 'the return of the 
repressed', in Freudian terms. If so, then much of the moralistic 
passion that Westerners find disturbing about Islamic science will 
appear in a positive light once Western science is repatriated to an 
ethically unified world-view. 

The rather paradoxical historical relationships between science 
and religion in Islam and the West are summarized in Figure 6.1. 

Japan: scientific autonomy as Western superstition 

When people talk about the 'Japanese miracle' nowadays, they usu-
ally mean the country's rapid ascendency after the Second World 
War, understood in terms of its remarkably productive corporate 
culture. However, Japan has been generally recognized as one of 
the five or six leading world powers since the first decade of the 
twentieth century. This was less than half a century after it had 
officially opened its doors to Western influences, following over two 
centuries of self-imposed isolation, in large measure a reaction to 
overzealous missionary work by the Jesuits. The real 'Japanese mir-
acle', then, occurred in the 35 years between 1869 and 1904, as the 
country moved from a declining feudal order, through national con-
solidation, and finally to an imperial world power. During this 
period, Japan accomplished each year what had taken at least ten 
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years for Europe to achieve. For our purposes, the crucial transition 
starts with the selective appropriation of Western science and tech-
nology and culminates in the first military defeat of a Western 
power (Russia) by a non-Western power (Japan) on the basis of 
superior technical skill and new machine-gun technology. How-
ever, the conclusion of the 1905 Russo—Japanese War had farther 
reaching consequences than simply marking the emergence of a 
new superpower. More importantly, it demonstrated that Western 
science and technology could be successfully transferred to a coun-
try that had not first been Westernized. 

All of this came as shocking news to Westerners, whose theories 
of progress and modernization presupposed that material and intel-
lectual development required that one pass through a more or less 
fixed sequence of stages, which together constituted the logic 
underlying European history. Although one immediately thinks of 
the great nineteenth-century philosophers of history, Hegel, Marx, 
Comte, and Spencer, this idea is still very much alive today, especi-
ally in an economic context, as in Francis Fukuyama's hotly 
debated 'end of history' thesis. At a subtler level, the idea has 
informed Piagetian developmental psychology, according to which 
2000 years of the history of Western physics are recapitulated in the 
first dozen years of childhood. Even the influential theory of scien-
tific change put forward by Kuhn admits of a Piagetian pedigree in 
its treatment of the history of physics from 1620 to 1920 as a tem-
plate for all properly functioning knowledge systems.2° In each of 
these cases, the European historical record is treated, not as a con-
tingently related series of events, but as evidence for a repeatable 
— perhaps even universalizable — pattern of directed growth. In 
terms of the two metahistories outlined in Chapter 5, we have here 
an unholy alliance of under- and overdeterminationism, whereby 
history is converted into the following logic: 'Perhaps the Scientific 
Revolution need not have happened, but once it did, its diffusion 
became inevitable'. At that point, universalism becomes synony-
mous with eurocentrism and quite opposed to something that could 
be genuinely called globalism. 

It would be difficult to overestimate the grip that this precise 
sense of eurocentrism has had on the global imagination over the 
past 300 years. Russia is perhaps the country that has been most 
under the eurocentric spell. Peter the Great (1672-1725) and 
Lenin (1870-1924) represent two forms of captivation, one more  

exogenous and the other more endogenous. When Peter the Great 
set out to modernize Russia, he did not merely import books and 
artifacts from Western Europe. Armed with tax incentives, he 
managed to lure the Enlightenment luminaries who wrote the 
books and designed the artifacts so that they could continue their 
activities in his country, presumably spreading their interests and 
competences to the natives. For his part, Lenin centralized the 
economy and consolidated class consciousness to speed up a 
process that he thought was already occurring in his country (and 
would eventually occur in every country), namely, the transition 
from feudalism to capitalism and finally socialism. All the more 
poignant, then, that Russia should have been the victim of Japan's 
1905 existential refutation of eurocentrism. Just based on the 
West's own history, the Japanese link between military victory and 
scientific achievement should not have come as such a surprise. 
After all, the first inklings that Europe was gaining 'world-historic' 
ground on Islam was when the Ottoman Turks were held off from 
taking Vienna in 1683. This was one of the first skirmishes in which 
a 'scientific' understanding of ballistics revealed its practical ben-
efits.21  Over the next century, Western observers gradually rein-
terpreted the distinctive features of Muslim culture as marks of 
decadence rather than sublimity. 

The opening up of Japan to the West is traditionally said to have 
begun in 1853, when Commodore Matthew Perry parked a quarter 
of the US Navy in Tokyo harbour until the Japanese agreed to sign 
a highly imbalanced trade treaty. However, Japan's programme of 
`defensive modernization' began in earnest only with the restora-
tion of the Meiji Emperor Mutsuhito in 1869.22  At that point, Japan 
was already one of the world's most populous and urbanized coun-
tries (Tokyo had already been the world's largest city for a century). 
The feudal order of samurai had long ago traded in their military 
skills for managerial ones, converting a set of fiefdoms into an 
efficient network for the implementation of imperial reforms in 
education and industry.23  The ease with which lingering Japanese 
feudalism was translated into the infrastructure of the world's 
fastest growing capitalist economy during the last quarter of the 
nineteenth century refuted some of the most distinctive and per-
vasive theories in Western sociology — at the time of their formu-
lation! I refer here not only to the Marxist claim that feudal social 
relations must be disrupted to enable the rise of capitalism but also 
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to the general view that the difference between 'traditional' and 
`modern' social forms is clearly marked. In the case of science, we 
need look no further than to the recruitment of physicists and engi-
neers from the ranks of the samurai, whose traditionally hierarchi-
cal and competitive cast of mind was effectively sublimated in the 
management of large research units focused on, the rapid solution 
of well defined technical problems.24  

The most striking feature of Japan's policy of defensive 
modernization was the management of foreign influence. In the 
first quarter century of modernization, Japanese students were sent 
overseas to study at European universities, while European and 
American educators were imported to advise on national edu-
cational and research policy. However, once Japan began its own 
campaigh of imperial expansion, the foreigners were sent home, 
and the students were encouraged to spend less time abroad. The 
Japanese listened politely to the foreigners, but felt under no obli-
gation to follow all of their advice. The Japanese were especially 
sensitive to the historically contingent pattern of science's insti-
tutionalization in the West. From this perspective, the migratory 
tendencies of German students, who rarely did all their courses at 
one university, suited the Japanese 'pick-and-choose' mentality 
better than the more campus-bound students at Oxbridge, for 
whom academic study was too often tied to a medieval conception 
of university life. However, the Japanese did not care for the dis-
cursive style of classical German university instruction (even in 
putatively natural scientific subjects) or the patterns of dependency 
that it created between professor and fledgling researcher. Instead, 
they preferred the routinized and 'hands-on' curricular plans of 
engineering degrees at the polytechnics. They enabled students to 
pick up necessary skills and then go on with their lives. Japanese 
students overseas would often remark on the low status that the 
Germans themselves ascribed to what struck them as an obviously 
more efficient and empowering form of instruction.25  

Recall that the liberal arts basis of the Western university preju-
diced it against the inclusion of laboratory-based subjects until 
shortly before the Japanese themselves became interested in those 
subjects. The 'liberal arts' literally meant subjects that can be done 
without using one's hands — the mark of a free person. The uni-
versity was conceived as a place for aristocrats, clerics, and civil ser-
vants to learn how to think and speak well, and those goals dictated  
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a discipline's relative value. By their heavy reliance on machinery, 
the artisan-like character of their work, and their inevitable sensory 
assaults (i.e. foul sights, sounds, and odours), the laboratory based 
natural sciences were marked as lower-class endeavours. Conse-
quently, the major European scientists before 1850 who spent their 
careers in universities typically held chairs in mathematics or 
natural philosophy. The rest worked in polytechnics, hospitals, 
or in autonomous institutions like the Royal Society, where class 
distinctions were less crucial. (And, of course, some, like Charles 
Darwin, lived on their inheritance.) In 1825, Justus Liebig 
(1803-73) managed to establish a chemistry laboratory at a mar-
ginal German university, but it was only after a recently united but 
technically superior Germany trounced France in the 1870 
Franco—Prussian War that the European nations came around to 
the idea that the natural sciences ought to be 'brought from the 
polytechnics into the universities and made part of general edu-
cation. Thereafter laboratories were increasingly located on uni-
versity grounds and used not only for research but for teaching as 
well. From that standpoint, the Japanese were hardly catching up, 
as the Imperial University of Tokyo was founded in 1877 with the 
natural sciences and engineering as its centrepiece. In fact, Japan 
was arguably the first nation in the world to implement a nation-
wide policy for science education and research. 

We can get a good sense of the still relatively immature state of 
Europe's scientific infrastructure in the first decade of the twentieth 
century by looking at what impressed Europeans about the Japan-
ese. In his 1903 presidential address to the Royal Society, entitled, 
`The influence of brain power in history', the astronomer Norman 
Lockyer (1836-1920) pointed to Japan's unprecedented ability to 
harness science to national, not simply personal, needs. When it 
looked like the Japanese were beating the Russians in their 1905 war, 
Nature published an editorial calling for the European nations to 
boost their provision of scientific research and training for all its citi-
zens. Indeed, Nature decried the uneven development of science in 
Europe as a source of its major social problems, as the concentration 
of scientific knowledge in the hands of elites, be they located in uni-
versities or polytechnics, threatened to recreate old class divisions.26  

Lest we think that this call to arms was unique to Britain, a 
country notorious for the individualist cast of its scientific inno-
vators, it turns out that the situation was only marginally better in 
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Germany. The image of the late nineteenth-century German pro-
fessor commanding a hierarchy of academic underlings to work on 
well defined problems that contribute to an overall disciplinary tra-
jectory is partly anachronistic. A more accurate picture would note 
the continuities with the medieval practice of students gravitating 
around a 'master' whose reputation for wide learning and wisdom 
was matched only by his idiosyncrasy of vision. That a professor 
could gather students and resources around him testified only to his 
charisma and entrepreneurship, and not necessarily to his contri-
bution to some larger body of scientific knowledge.27  Most German 
professors were de facto philosophers whose technological needs 
had managed to keep pace with industrialization. Needless to say, 
incommensurability between the various German departments and 
laboratories was widely noted and criticized at the time. Interest-
ingly, the intervention of the state was often crucial in supporting 
the role of professional associations in the enforcement of common 
educational standards and the adoption of common textbooks, two 
necessary ingredients for the sort of 'normal science' that Kuhn 
claimed to be necessary for knowledge to be truly cumulative.28  

Under the circumstances, the USA came closer to providing an 
adequate blueprint for the design of Japan's research and edu-
cational policy. In 1862 President Abraham Lincoln (1809-65) had 
signed into law the Morrill Act, which established the first 'land-
grant' universities. These institutions of higher learning were 
largely designed to produce knowledge in the agricultural and 
industrial arts that could be readily transmitted to inhabitants of the 
university vicinity. Large laboratories and 'research stations' were 
the focal points of academic activity, often with ready access to 
farms and factories, while the status of traditional liberal arts sub-
jects was reduced to providing 'service' courses in basic literacy and 
numeracy. The first Superintendent of Schools and Colleges in 
Japan, David Murray (1830-1905), was a major administrator and 
theorist of land-grant institutions. However, in the end, the US 
system revealed faults not dissimilar to those of the German 
system. On the one hand, the historical fragmentation of the 
German principalities made it difficult to coordinate the adminis-
tration of educational policy in the newly unified Germany. The 
result was a highly competitive but disorganized academic culture 
which enabled each professor to lord over his disciplinary fiefdom 
with virtual impunity. On the other hand, the US Constitution  
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offered principled resistance to the idea of a unified educational 
policy by endorsing the rights of local authorities to dictate curric-
ular matters. Here the highly centralized and stratified French edu-
cational system seemed the best model for Japan's nation-building 
purposes.29  

Most of the European advisers hired by the Japanese cautioned 
against the promotion of scientific training that was not securely 
grounded in what Kant had called the 'public' use of reason. Kant's 
original idea was the Enlightenment one of people participating in 
decisions that are taken to apply their knowledge. They would be 
no mere technicians serving another master's ends, but know-
ledgeable agents who would share responsibility for the situations 
in which their expertise played a role. However, as the Kantian 
ideal was institutionalized in the modern German university, 
students of the natural sciences and engineering had first to be 
trained in the humanistic subjects of philosophy, history, and the 
arts to ensure that the appropriate value orientation — one friendly 
to Western (more specifically, Prussian-national) sensibilities about 
democracy, open-mindedness, and criticism — is transmitted. Aside 
from an obvious concern with the Japanese possibly using their 
newly learned technical skills against the West, the European advis-
ers also believed that the spirit of scientific innovation would not 
be sustained unless Japan acquired the cultural context in which 
such a spirit had developed in the West. Certainly, the historical 
schemes of Hegel, Comte, and Spencer made it clear that the genius 
of Galileo, Newton, and Faraday was due more to the Renaissance, 
Enlightenment, and Victorian cultures in which they were embed-
ded than to anything that could be explained by their work alone. 

For their part, the Japanese were bemused that modern Euro-
peans could believe in such a superstitious sense of historical 
destiny. They were much more impressed with that most original of 
Western impulses, namely, the Greek one of opportunistically bor-
rowing from other cultures, improving on what is borrowed, and 
then using it to gain the respect of those cultures.3° Thus, when 
Europeans offered advice on what to do about the prospect of 
students taking offence at Darwinism and other scientific theories 
that challenged traditional religious (i.e. Judaeo—Christian) con-
ceptions, the Japanese observed that they had not encountered the 
West's ideological difficulties with the original 'revolutionary' 
scientific theory, Copernicanism, once it was introduced as part of 
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Newtonian mechanics in the late eighteenth century. This was 
mainly because the Confucian basis of Japanese culture did not 
invest any overriding cosmological significance in the idea of an 
Earth-centred universe. While Confucianism holds that each thing 
has its 'governing centre', it does not hold that everything has the 
same such centre. Consequently, it was possible for the Japanese to 
harbour a 'multiple truth' conception of reality that would not have 
sat well with either Galileo or his Inquisitors, but would neverthe-
less have avoided the need for any scientific revolution to take 
place. In that sense, Japan enjoyed the advantage of not having to 
overcome centuries-old Western cultural barriers to the develop-
ment of the natural sciences. 

Here it is interesting to compare Japan's assimilation of Western 
science in the century prior to the Meiji Restoration with the 
Muslim and Christian reception of the Greek scientific tradition in 
the Middle Ages. Muslim scholars struggled to systematize the 
ancient Greek scientific corpus — usually as seen through Aris-
totelian eyes — by carefully reproducing in Arabic as much of the 
original Greek conceptual framework as possible. Thus, many new 
distinctions were drawn that had not previously existed in Muslim 
thought, but that would come to dominate it for several centuries. 
However, because Greek science was itself not all cut from the 
same cloth, the ensuing attempts at reconciling contradictory 
claims led to considerable philosophical speculation and debate, 
the intensity of which was compounded by the fact that the Greek 
tradition ultimately had to be rendered compatible with the teach-
ings of the Qur'an. The Christian scholastics who directly benefited 
from these Muslim efforts continued along much the same lines, 
only this time in Latin, and with the added burden of having to 
identify and counter blasphemous doctrines with which the Muslim 
scholars were thought to have leavened their syntheses 31  The only 
`advantage' enjoyed by the scholastics — at least from the standpoint 
of the subsequent history of science — was that the Church was not 
sufficiently organized to impose an ideological orthodoxy. 

In the case of Japan, although it had officially closed its doors to 
the West, European scientific texts made their way into the country 
via Dutch traders in China. However, the importation was piece-
meal, and no pretence was made to fashion the imported know-
ledge into a seamless whole, let alone weave it into the fabric of 
Japanese culture. The Japanese word for the European conception  
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of science, kagaku, stressed exclusively science's instrumental and 
productive character.32  Because Western science was recognized at 
all times as irreducibly alien, the Japanese were able to treat, say, 
Newtonian mechanics as a set of tools for certain purposes, but not 
others, and thus physics was never perceived as a generalized threat 
to traditional cultural beliefs and values. This point was only under-
scored by the dominance of the exact sciences by the samurai in the 
first half century of modernization. In contrast, medicine, one of the 
last disciplines in the West to be introduced to the ways of modern 
science, was the main source of the relatively few philosophical con-
troversies in the history of Japanese science. This was largely due 
to a combination of Confucianism's anthropocentric orientation, 
which gave medicine an intellectual status it lacked in the West, as 
well as the discipline's access to commoners as a vehicle for social 
mobility.33  

Perhaps the best symbol of Japan's circumvention of European 
history was the rewriting of technical scientific terms in ideographic 
script. Whereas Western science students are still forced to confront 
their increasingly remote Graeco—Roman roots every time they 
tried to decipher the meaning of a technical term, Japanese students 
could simply read the meaning from the ideogram, which would 
depict the main properties of the element or process to which the 
term refers. The person most responsible for this move was Shizuki 
Tadao (1760-1806), who first rendered Newton in Japanese, but not 
by what was then the usual method of phonetic translation into 
Chinese sound characters. That would mean having Japanese 
students learn neologisms that sound like Newton's original 
English (or Latin, in the case of Philosophiae Naturalis Principia 
Mathematica, 1687) but which have no clear place in the semantic 
universe of the Japanese language. Such a translation strategy 
would have only made Newtonian concepts more alien to Japanese 
students than Latinate words like 'gravity' and 'inertia' are to 
modern European students. Instead, Shizuki selected ideograms 
that constituted primitive operational definitions of Newton's con-
cepts. For example, 'gravity' was depicted as 'power to create 
weight'. The distinctly instrumental spin to Shizuki's rendition of 
Newtonian mechanics managed to avoid protracted discussions of 
the ontological status of gravity and inertia that continued to haunt 
philosophically oriented Western physicists, such as Mach and 
Albert Einstein (1879-1955), even as Japan was mobilizing its 
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scientific forces in the late 19th century. More importantly, it helped 
to open up scientific training to the vast majority of the student 
population who were unfamiliar with European language and 
culture.34  

Although the Japanese modernizers were generally unmoved by 
fears of profaning traditional culture, a somewhat related worry 
emerged from the Meiji emperor's Confucian adviser, who had 
noticed the historical tendency of science to destabilize traditional 
forms of authority in the West. Would not the same happen in 
Japan? Here Prime Minister Ito Hirobumi (1841-1909) took a 
lesson from the Europeans, although not the one they intended. 
The Confucian adviser read the history of Western science as West-
erners themselves often do, namely, as a story of critical inquiry 
gradually overcoming the barriers strewn on its path by tradition. 
If Japanese scientists adopted a similar mindset, and developed a 
taste for pushing back the frontiers of knowledge rather than 
simply applying knowledge to national needs, then Japan would 
soon lose its distinctive cultural identity. Such a prospect was what 
the Confucian adviser feared and the European advisers desired. 
However, Ito realized that this sense of history presupposed that 
the social role of the scientist was still that of the heroic individual 
— epitomized by Galileo — who directly confronted the social order 
with his revolutionary theories. The nationalization of science had 
put an end to those days in the West, especially in the most scien-
tifically advanced country, Germany. In its place had emerged a 
self-policing group of professionals who treated 'freedom of 
inquiry' as a guild right to work on narrowly focused topics of no 
direct relevance, and hence no direct threat, to the larger social 
order. At the same time, the demand for research publication 
enabled applied scientists and policy makers to cull the results of 
these 'free' inquiries for their own purposes. In that sense, 
Germany's 'Iron Chancellor' Otto von Bismarck (1815-98) could 
be credited with having turned the universities into a safety valve 
for overheated intellectuals clamouring for political reform. In 
effect, the prime minister told his Confucian adviser not to worry. 
look at what the Westerners do, and not at what they say they do.35  

Recalling the distinction introduced in Chapter 3, the Japanese 
were adept at sorting out the West's Enlightenment myth from 
what had become science's underlying Positivist reality. However, 
the more astute observers of the occidental scene realized that,  
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however much Positivism rendered academics docile servants of 
the state, the parochialism of its guild mentality was not necessarily 
the most efficient way to harness the work of science to the task of 
nation-building. Several of the designers of Japan's scientific insti-
tutions had studied under highly accomplished European and 
American researchers who were constantly running into trouble for 
ignoring disciplinary jurisdictions and blurring the professional, the 
public, and the private. Particularly instructive was the stormy 
career of Germany's answer to Pasteur, Robert Koch (1843-1910), 
the man who isolated the micro-organisms responsible for anthrax, 
tuberculosis, and cholera. Koch was Professor of Hygiene at the 
University of Berlin but regarded autonomous disciplines as more 
a hindrance than a help to his medical research. When Koch first 
thought he had isolated the bacterial cause of tuberculosis, he was 
prohibited from testing the hypothesis in his own laboratory, but 
had to turn the job over to colleagues in the Department of Clini-
cal Medicine. 

Koch's untested hypothesis immediately became a token in 
German academic politics. On the one hand, the Ministry of Edu-
cation tried to score an international public relations coup by 
announcing that the Germans had arrived at a cure for the great 
modern health scourge that tuberculosis was. On the other hand, 
Koch's own colleagues in anatomy and physiology dismissed the 
very idea that disease could be the result of anything other than 
some sort of bodily imbalance. After all, to admit that disease could 
be caused by foreign agents would challenge the notion that the 
human body constitutes a completely autonomous sphere of 
inquiry. Some old dogs would have to start to learn some new tricks. 
Not surprisingly, Koch soon resigned his professorship to set up a 
laboratory under the auspices of the Imperial Health Office, which 
ironically secured him more independence by remaining open to a 
variety of external influences but colonized by none of them. 
Koch's premier Japanese student, Kitasato Shibashiburo (1852-
1931), established a similar laboratory when he returned home, and 
spent the rest of his career avoiding an over-scrupulous observance 
to what we would now mark as the distinction between 'basic' and 
`applied' research. But even more importantly, Kitasato promoted 
the idea that science best served the national interest by promoting 
criticism that crossed all institutional boundaries. Eventually, this 
sentiment forced him to resign from government service and to 
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secure entirely private funding for his Institute for Infectious Dis- 
eases.36  

It was not long before humanists in the metropolitan powers 
acknowledged the implications of Japan's selective appropriation 
of Western science. By 1905 the 'uniqueness' of Western science 
was conceptualized as a matter of contingency, as if it were only by 
accident that the natural sciences had emerged in Europe rather 
than in, say, China, India, or Egypt. The force of this point was to 
suggest both that the natural sciences were within any culttire's 
reach and that Europe's domination of the globe was by no means 
guaranteed in perpetuity. Thus, the first victory in the long war 
against eurocentrism had been scored." Scholarly interest in 
science's place in history shifted from science as the reflection of 
more general European attitudes, to science as a relatively auton-
omous enterprise that was easily exported (through imperialism) or 
imported (by Japan). Here it is worth recalling that imperial expan-
sion was often promoted as a way of addressing (or at least divert-
ing attention from) signs of economic and cultural decline that were 
already occurring at home. Little surprise, then, that France was the 
country in which history of science was first recognized as a field of 
inquiry, since it was the major European power most publicly pre-
occupied with the prospect of succumbing to the type of 'degener-
ation' that threatened to turn it into the new 'sick man of Europe', 
a title that had come to be associated with the Ottoman Empire. 
Thus, history of science became the last stand of French culture on 
the world-historic stage.38  

When Japan first took to the world stage in 1869, Western intel-
lectuals argued that the Japanese would not be able to match the 
West's scientific achievement unless they also reproduced the cul-
tural background against which that achievement had occurred. In 
philosophy of science terms, they held that the Japanese would 
need to retrace the West's 'discovery' process in order for its scien- 
tific knowledge to be fully 'justified'. However, the Japanese con- 
structed alternative means to their desired scientific ends; in some 
cases capitalizing on their metaphysical and religious differences 
with the West, while in other cases hybridizing Western institutions 
and practices. Once Japan defeated Russia without the supposed 
epistemic prerequisites, Westerners reworked the essence of 
science so that it no longer required a knowledge of philosophy and 
the other arts subjects. If this historical tendency continues, then it 
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is safe to assume that there is no essence to science, no transcen-
dental core to knowledge, without which contact with reality would 
be impossible. The Japanese showed that with a little ingenuity, 
there is almost always a way to adapt domestic forms of knowledge 
to avoid the cultural costs of importing foreign ones. The more 
general lesson for students of science is this: knowledge that sur-
vives multiple cross-cultural translations is simply the residual 
product of those translations and does not require any further 
metaphysical explanation for its persistence. This is not to deny the 
potential value of wanting to standardize knowledge across cul-
tures. However, this desire has to be understood as being of apoliti-
cal nature. Depending on the situation, such standardization may 
serve to dissolve or establish social hierarchies, either within or 
between societies. 

Generalizing from the Japanese experience, a distinction can be 
drawn in the distribution of costs and benefits in cross-cultural 
translation. In short, we may stress the convenience of either the 
producer or the consumer of knowledge. The former has a natural 
interest in promoting a form of knowledge that is as uniform as 
possible across contexts of use, ideally to the point that potential 
consumers are willing to adjust their interests in order to acquire 
that knowledge. An extreme case is to require a mastery of New-
tonian mechanics before someone can practice engineering, which 
means that anyone with the desire to build something must possess 
the same physical theory. On a more ordinary scale, adherence to 
expert advice and the personal acquisition of educational creden- 
tials, especially when they appear to defer the immediate satisfac- 
tion of one's interests, are also examples in which consumers bend 
to the will of the producers. Consumers, for their part, have a 
natural interest in possessing a form of knowledge that capitalizes 
as much as possible on what they already know and want, even if 
that means reducing knowledge to a customized good that varies 
across consumer interests and lays no claims to challenging con- 
sumption patterns. The extreme case here is the 'expert system', a 
computer that is programmed with an expert's knowledge of some 
subject, to which the client then has access via a 'user-friendly' 
interface, especially designed with the client's needs in mind.39  In 
sum, the knowledge producer's standpoint is transcendental: con- 
ceiving of knowledge as something without which one's goal cannot 
be reached. In contrast, the knowledge consumer's standpoint is 
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economical, which means that knowledge is ultimately seen as a 
cost that must be borne but should be minimized as much as poss-
ible, a necessary evil rather than a necessary condition.°  These 

differences are encapsulated in Figure 6.2. 

Notes 
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3 For a nuanced comparison of China's and Islam's relationship to the 

development of science in Europe, stressing the trade patterns among 
these cultures, see Goodman and Russell (1991: 7-17). Although Need- 
ham argued that the West owed its impetus for studying magnetism and 
immunology to the Chinese, there is little direct evidence to support 
this hypothesis, thereby leaving the 'controlled experiment' image of 
his comparison of China and the West largely intact. 

4 My discussion of Islamic revivalism draws primarily upon Rahman 
(1982), Al-Azmeh (1993), and Rahmena (1994). 

5 Here I follow Andre Gunder Frank's recent revision of world-systems 
theory. See Frank (1995); Bergesen (1995). 

6 Sivin (1982: 47-51). This point would not have surprised the man who 
introduced the expression 'Scientific Revolution' into English shortly 
after the Second World War, Herbert Butterfield, since his benchmark 
of a revolution was the message of Jesus Christ, the institutionalization 
of which was achieved only with great difficulty over the course of 
several centuries. 
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World nations have reversed the producer—consumer relationship with 
the West by designing institutions of higher education and research that 
forgo disciplinary divisions unique to the history of European science in 
favour of categories that play more directly to native strengths. These 
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and other strategies for 'capacity-building' in Third World science 
policy, see Shahidullah (1991). 

7 

Science as the 
Standard of 

Civilization: Does it 
have a Future? 

Why did a 'Scientific Revolution' occur in seventeenth-century 
Europe — or why did the 'Leap of Thales' occur in sixth century BC 
Greece — instead of somewhere with a comparable or even superior 
standard of civilization, such as China or Egypt? Popular science 
writers, not least professional scientists writing in that capacity, 
continue to be captivated by this question. That multiculturalists 
have come to target the question as ripe for deconstruction is only 
the latest testimony to the hold that it has on our imaginations. 
Living in the twilight of the twentieth century, we may be embar-
rassed by the presumptuousness of what it asks, as if non-European 
peoples collectively lacked some quality that turned out to be of 
world-historic importance. However, unpacking the three assump-
tions built into the question, we see that the question, while un-
deniably eurocentric, is motivated by a precarious sense of 
Europe's standing in human history. 

1 An entire civilization can be judged by the development of its 
natural scientific knowledge. 

2 The pivotal event in the history of science need not have 
occurred when and where it did, if at all. 

3 Once the event did occur somewhere in Europe, it could not 
occur anywhere else, except through Europe. 

Compare the prominence given to contingency in our question — 
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how easily things could have been otherwise — with, say, the tale of 
linear progress recounted in Hegel's Philosophy of History (1830) 
of the early nineteenth century. According to Hegel, the Weltgeist 
never looked back as it marched out of an Oriental Past into an 
Occidental Future. But then again, Hegel did not see the collection 
of disciplines we now call the natural sciences as the decisive civiliz-
ing force. Indeed, he was rather derisive of that icon of scientific 
revolutionaries, Newton. Instead, Hegel identified the trajectory of 
history with a peculiarly Prussian rendition of the path from dic-
tatorship to democracy that was popularized in the Enlightenment. 
Like most of his contemporaries and immediate successors, Hegel 
sought the state of civilization in the overall character of the social 
order, not in some specific feature of the society, such as the state 
of its natural science. Consequently, the question of whether Egypt 
or China could have borne the decisive civilizing force would have 
struck Hegel as unintelligible. By definition, it could not have done 
so, because these societies were instances of Oriental Despotism —

an expression that will haunt us throughout this chapter. What, 
then, shook Europeans from Hegel's dogmatism, causing them at 
the same time to identify the crux of Western civilization with the 
natural sciences? In Chapter 6, we suggested that the 1905 
Russo—Japanese War was a pivotal event. However, any systematic 
search for an answer must consider the history of international law, 
where the standard of civilization makes its first official appearance 
in 1836 in Henry Wheaton's (1783-1848) Elements of International 

Law.' 
Wheaton introduced the standard as a consolation prize for the 

lack of an enforceable universal law of nations. The standard was 
explicitly eurocentric in defining a civilized nation as one that pro-
tected the 'life, liberty, and property' of its European residents. 
Legal scholars were well aware that it would be difficult for a nation 
to meet this standard without the natives adjusting themselves to a 
European way of life. However, what convinced Wheaton and his 
colleagues that the standard was not completely self-serving were 
the contrasting paths taken by Russia and Turkey over the previous 
100 years. On the one hand, Peter the Great had deliberately set 
out to Westernize Russia, most notably by establishing a Russian 
Academy of Science, which for many years was populated primarily 
by foreigners. On the other hand, the palpable decline of the 
Ottoman Empire seemed to result from its engagement in a series  

of debilitating internal wars, while increasingly ignoring its his-
torical ties to the rest of Europe. What impressed legal scholars 
about these two cases was the unequivocal consequences of nations 
taking it upon themselves to adopt and reject European culture, 
respectively. Scholars were therefore able to avoid the feats of casu-
istry that had been required in the sixteenth and seventeenth cen-
turies to justify Christian conquistadores forcing the European way 
of being upon uncooperative native Americans. 

That Peter the Great would embark on an ambitious and arduous 
campaign to bring Russia in line with the rest of Europe strongly 
implied that Europe had produced something worth emulating. But 
what exactly was its distinctive contribution to humanity? The 
credibility of a Judaeo—Christian basis for international law had 
been severely strained since the French Revolution, so legal 
scholars sought a more naturalistic grounding that catered to the 
Positivist spirit of the day. This led to a spate of attempts to define 
civilization in terms of race, climate, and customs. However, none 
of these seemed to capture shifting European intuitions about who 
was and was not civilized. Moreover, the British were especially 
concerned that tying the standard of civilization too closely to a 
non-negotiable quality like race could be bad for business, a serious 
consideration in a time of overseas capital expansion: who cares 
what colour people are, if they are prepared to buy your goods? 
These worries came to a head as Japan became a world power, after 
barely a generation of modernization. While some Enlightenment 
wits had predicted the long-term ascendancy of the USA over 
Europe on the grounds that the USA lacked such atavistic Euro-
pean institutions as the absolute monarchy and the landed aristoc-
racy, they would not have anticipated Japan's success, since it 
started precisely with these political and economic 'liabilities' but 
quickly refashioned them to raise the country's international status. 

Henceforth, debates over the standard of civilization shifted 
focus from the necessity of Europe as such to the necessity of 
`something' that by historical accident began in Europe. As to be 
expected of world capitalist culture, that 'something' was defined 
by what the ascendant non-Europeans seemed to want most from 
the Europeans. Thus, the standard of civilization could be read, off 
the balance sheet of cultural exchange. In this way, the natural sci-
ences and technology replaced art, literature, and philosophy as the 
relevant standard. In short, to peg the standard of civilization to the 
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(science declines as the 
West declines) leader in science) 

Figure 7.1 Plotting the end of science. 

development of the natural sciences is to see the significance of 
European culture as non-Europeans do. That Europeans would be 
drawn to accept this image as their own testifies to just how much 
the West adapted to circumstances beyond its control. Basically, the 
appeal to the natural sciences as the mark of civilization was a last-
ditch effort to shore up the claim to European uniqueness before 
the claim was rendered completely implausible? 

To put it in the terms introduced in Chapter 5, as the twentieth 
century has caused modernist views of the human condition to yield 
to postmodernist ones, the source of the contingency associated 
with the rise of science in the West has shifted from its initial 
`overdeterminationist' interpretation to its current `underdetermi-
nationist' one. Instead of stressing that the West need not have been 
the leader in science, historians are now more likely to claim that 
there need not have been a 'science' in which the West has so 
clearly excelled since the seventeenth century. But whether one 
adopts an over- or underdeterminationist framework, the decline 
of science in the West can be just as easily posed as its rise. Where 
Needham posed the retrospective question of why the Scientific 
Revolution began in Europe and not Asia, we can prospectively ask 
why the Scientific Revolution may end in Europe and not Asia. 

If, in the overdeterminationist view, the Chinese lost the 'race' to 
the Scientific Revolution, then it is entirely possible that the West 
will relinquish its lead in the future to, say, Japan or the Far East 
more generally. But if, as the underdeterminationist reading 
implies, the Chinese were never in the science race in the first place, 
then correspondingly the West may drop out in the future. The 
question, of course, would remain as to whether this latter possi-
bility would herald the 'end of science' altogether. But how might 
such a thing come about? 

While any answer to this question is bound to be speculative, one. 
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good indicator is that the social functions jointly satisfied by the 
pursuit of scientific knowledge would come to be individually satis-
fied in separate practices. The university was crucial for the 
advancement of science in the West mainly because it provided a 
common space for the production and distribution of knowledge 
(through the university's research and teaching functions, respec-
tively) that permitted an intellectual synergy to develop between 
the demands of innovation and tradition. In the thirteenth century, 
academics began to take a professional interest in why craft inno-
vations worked as well as they did; by the end of the nineteenth 
century they found themselves in the business of producing such 
innovations, often on a large scale, in the case of chemistry. Given 
the recent 'market-driven' challenges to the institutional integrity 
of the university, it is easy to imagine, on the one hand, the priva-
tization of innovation as intellectual property and, on the other, the 
formalization of tradition through vocational certification. The 
former function would be increasingly performed by entrepreneurs 
and their industrial backers, while the latter would be left to aca-
demics, whose courses of study and examinations would determine 
who can enter which field of employment. As the production and 
distribution of scientific knowledge grow steadily apart in this 
fashion, we could witness a quick reversal of the past 700 years of 
Western history. 

An important sign of this reversal would be that the meanings of 
words associated with 'science', and 'knowledge' more generally, 
start losing their clarity. 'Science' may slide into the semantic space 
of 'religion' and refer more to a set of institutions and rituals than 
a set of theories and methods. As educational standards fragment, 
`knowing' may come to signify specific social practices like 'verify-
ing' or 'certifying,' or it may devolve into a casual word, like 
`coping' and 'adapting'. Yesterday's oxymorons turn into tomor-
row's platitudes. In Chapter 4, the Martian anthropologists identi-
fied a prominent clue that the end of science may be near — the 
popularity of Derek de Solla Price's expression Big Science, 
Orwellian Newspeak that, since its debut in the early 1960s, has 
come to mean 'great science'.3  'Big Science' literally refers to 
expensive research projects, first in physics and chemistry and more 
recently in molecular biology, that are affordable only by the more 
affluent nations but on which all nations increasingly set their 
sights. This global fixation on Big Science has obscured the fact that 
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in the past great science was what Kuhn called 'revolutionary 
science', cheap in its conduct but dear in its consequences — yet not 
so dear as to discourage the revolutionary impulse altogether. The 
desire to complete the 'big picture' put forth by a Newton, Darwin, 
or Einstein has required the mass retraining of scientists in new 
techniques and methods, new ways of seeing the world, and some-
times the development of new instruments of investigation. This 
reorientation, while invariably resisted by the scientific orthodoxy, 
was at least financially tolerable. But as science has come to be so 
thoroughly involved in the economic and political maintenance of 
the societies housing its pursuit, any truly revolutionary project in 
science today would pose as great a threat to societal stability as a 
political revolution normally would. While the diminishing half-life 
of scientific journal literature is indicative of a rapidly advancing 
research frontier (`Price's Index'), all of this activity nevertheless 
occurs over a relatively small set of issues, reflecting the need to 
make the most of science's fixed capital resources. 

In Chapter 1, I suggested that recent events point to science 
entering a post-epistemic mode, one in which (as our Martian 
friends would put it) the 'industrial' side of science's military—indus-
trial metaphor completely eclipses the 'military' side. As the poten-
tially critical function of scientific inquiry is channelled into a 
narrow bandwidth of technical discourse, any residue of this care-
fully contained criticism can be used to legitimate and reproduce 
society's status quo. This transition may be modelled on the long 
discredited idea of Oriental Despotism, which draws on Hegel's 
and Marx's dystopic portrayal of Eastern regimes known as 'the 
Asiatic mode of production'.4  Accordingly, the dominant class does 
not own the means of production but instead controls the state and 
economy through its ability to extract rents from villagers and land-
holders, which are then used to finance large-scale public works 
projects. In our emerging 'information-based', `knowledge-inten-
sive' society, the new 'rents' are the training costs that students 
must incur in order to possess the credentials required for being 
employable (if not actually employed). In such a world, academics 
shift completely from being producers of innovative, potentially 
disruptive knowledge to being gatekeepers of the processes of 
societal reproduction. In return, the fees paid by students feed into 
the proprietary research that academics are increasingly encour-
aged to pursue in cooperation with industry. Most of what  
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transpires in such research is ultimately not intended for classroom 
consumption. Indeed, depending on the legal protection under 
which the research is covered, its fruits may entirely lose their status 
as 'public goods', which would in turn raise the spectre of 'fields of 
knowledge' being quite literally mapped, ploughed, and mined in a 
system of legal relations that one commentator has not unfairly 
dubbed information feudalism.5  

This book began with a survey showing that the public lacks a 
coherent understanding of science. People could appreciate the 
work done by particular disciplines but they could not see what 
those disciplines had in common. With that in mind, let us now 
briefly return to the paradigm case of Oriental Despotism, 
medieval China, and its most prominent polymath, Shen Kua 
(1031-95).6  At one level, Shen resembled the archetypal 'Renais-
sance man', Leonardo da Vinci (1452-1519), in his voracious intel-
lectual appetites and substantive contributions to mathematics, 
astronomy, cartography, geology, meteorology, magnetics, engi-
neering, economics, and medicine — not to mention several works 
on religious matters. However, Shen did not seem to regard his 
activities as closed under a single conceptual rubric such as 'science' 
or 'philosophy'. In his memoirs, for example, he organized the 
various projects he did for the imperial bureaucracy in terms of 
their practical contexts rather than any overarching principles. 
Moreover, while he clearly mastered and improved upon a great 
many fields of knowledge, he treated each as self-contained and 
typically tolerated contradictions between the fundamental prin-
ciples of the different fields, often invoking the ultimately inacces-
sible or mysterious character of reality. It simply did not occur to 
Shen to try to mediate conflicting bodies of thought through criti-
cal inquiry. 

We may marvel that someone as obviously intelligent and accom-
plished as Shen Kua never manifested what we now consider to be 
the core scientific impulse. Yet, are we not moving in the same 
direction today, as an increasing proportion of academics are forced 
by continual funding needs to do contract research that over time 
involve the mastery of a variety of disparate 'project areas'? For his 
part, Shen Kua could fall back on Confucianism and Taoism to 
justify the futility of attaining synthetic or universal knowledge. 
Today's academics have no problem explaining the fractal charac-
ter of their curricula vitae in terms of the 'postmodern condition', 
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These are meant to provide background to readers who are think-
ing about the social character of scientific knowledge for the first 
time and wish to explore the full range of perspectives currently on 
the market. Montgomery (1995) is a good general introduction to 
the internal diversity of the sciences, especially highlighting the role 
that language has played in constituting the scientific identity. The 
democratization of knowledge as a theme in the history of the nat-
ural and social sciences is comprehensively surveyed in Proctor 
(1991), with Delanty (1997) providing an excellent survey of con-
temporary trends. On social epistemology, readers can consult the 
references to my own writings, or (perhaps better for beginners) 
Taylor (1996) and Collier (1997). Both are designed as textbooks, 
the former aimed at humanities students and the latter at science 
students. Social epistemology draws upon the history, philosophy, 
and sociology of science, fields which are presented best when pre-
sented together. This is the ideal espoused by the emerging inter-
disciplinary field of science and technology studies, to which all of 
the above works dedicate some significant discussion. More 
specifically, on history and philosophy of science, I strongly recom-
mend Hacking (1982) and Gjertsen (1989) as texts. As for sociology 
of science, Latour and Woolgar (1986), the classic ethnography of 
scientists in their 'native habitat', is a masterpiece of defamiliariza-
tion and hence worth a peek, if only for stylistic reasons. Gilbert 
and Mulkay (1984) remains the best book explaining how one actu-
ally does sociology of science. Readers should also dip into the jour-
nal, Social Studies of Science, for the most recent empirical 
developments in the field. On science and multiculturalism, the best 
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whereby what the Chinese had metaphysically shrouded in 'flux' is 
now openly embraced as 'flexibility'. The most reassuring feature 
of this analogy is that our current predicament appears as a phase 
in a recognizable cycle through which humanity shall eventually 
pass. But it would be even more reassuring to learn from the past, 
so that science does not diminish itself as it enhances the society 
that promotes its pursuit. In that case, the first lesson is that the 
mark of science is to be found, not in its products, but in the spirit 
in which they are produced. 

Notes 

1 Gong (1984: 20-53). 
2 Pyenson (1993b). 
3 Crowther (1968: 317-20). 
4 Wittfogel (1957). The concept is applied to the history of science in Don 

(1991). 
5 Drahos (1995). 
6 Sivin (1982: 47-51). 
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collection in terms of sheer coverage and democratic orientation is 
Harding (1993). In this area, readers should take care to canvass a 
variety of viewpoints. Huff (1993) and Hess (1995) provide a nice 
contrast, as the former applies a broadly Mertonian perspective to 
understanding the uniqueness of Western science, while the latter 
takes a line somewhat closer to the one in these pages. 
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