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148 Chapter Nine

how that social structure and its products connect to the larger natural
world within which scientific activity is embedded. This will be one of the
themes in the chapters to follow.

Further Reading

Keller and Longino, Feminism and Science (1996), and Janet Kourany, The Gender
ofScience (2002), are both useful collections. The latter is quite comprehensive and
includes the Hrdy paper I use in section 9.3. Hrdy's book The Woman That Never

Evolved (1999) is a more detailed discussion of her ideas. Donna Haraway's Pri

mate Visions (1989) is a very detailed historical and sociological discussion of pri
matology from a feminist point of view. For another interesting feminist case study,

see Elisabeth Lloyd's work on theories of the evolution of female orgasm (1993).

Harding, The Science Question in Feminism (1986), and Longino, Science as

Social Knowledge (1990), are two of the most influential books in feminist episte
mology as applied to science. The Monist had a special issue on feminist episte

mology in 1994.

Mario Biagioli, The Science Studies Reader (1999), is a good collection that il
lustrates the diversity of work in that field. For the Science Wars, see Gross and

Levitt, Higher Superstition (1994), which includes criticisms of Bloor, Latour,
Shapin, Schaffer, Harding, Longino, and various others I have discussed in these
chapters. See also Koertge, A House Built on Sand (1998). The Sakal hoax is the
subject of a book (of that name) edited by the Lingua Franca editors (2000). There
is also a mass of material about the Sakal hoax on the World Wide Web; see espe
cially Sakal's site: http://physics.nyu.edu/faculty/sokall.

10
NaturaListic Philosophy in Theory and Practice

10.1 What Is Naturalism?

What kind of theory should the philosophy of science try to develop? The
logical empiricists had a definite answer to this question: the philosophy of
science is concerned above all with the logic of science. By the middle of the
1970s, this view had well and truly broken down. Many wondered whether
philosophy had become desiccated and irrelevant. As we saw in the previ
ous chapter, this led to attempts by other fields to annex some of the tradi
tional territory of philosophy of science. If philosophers could not say any
thing useful about how science works, others would do it instead.

Many philosophers came to agree that philosophy of science had to go
beyond logical analysis, but there was less agreement on what should be
done instead. In this chapter we look at one increasingly popular answer
to this question: naturalism.

Naturalism is often summarized by saying that "philosophy should be
continuous with science." This slogan sounds nice, but it is hard to work
out what it really means. Naturalists reject the idea that philosophy should
be sharply separated from other fields. In particular, naturalists hold that
there should be some kind of close connection between scientific theories
and philosophical theories, but they do not all agree on what this connec
tion should be like. And what does a naturalistic outlook on philosophy
mean in practice? Is it any more than a slogan and a label? In this chapter
I will describe naturalism in general and then illustrate the naturalistic ap
proach with an example. The next chapter will continue along the same
lines. And from this point onward, the book starts to depart from the
chronological structure that guided earlier chapters. The remainder of the
book is organized more by topic than by chronology.

A moment ago I said that naturalists hold that philosophy should be
continuous with science but do not agree on what this continuity is. Per
haps a more useful summary of naturalism is the idea that philosophy can
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150 Chapter Ten

use results from the sciences to help answer philosophical questions and
can do this even in the philosophy ofscience itself.

From the perspective of many other philosophical positions, to use sci
entific ideas when theorizing about science involves a vicious circularity.
How can we assume, at the outset, the reliability of the scientific ideas that
we are trying to investigate and assess? Surely we have to stand outside of
science when we are trying to describe its most general features and assess
the integrity of its methods.

The idea that we should do the philosophy of science from an external
and more secure standpoint is often referred to as foundationalism. (This
term is sometimes used for other ideas as well.) Foundationalism requires
that no assumptions be made about the accuracy of particular scientific
ideas when doing philosophy of science. This is because before our philo
sophical theory is established, the status of scientific work is in doubt. One
way to describe naturalism is to say that it is opposed to foundationalism
in philosophy.

Naturalists think that the project of trying to give general philosophical
foundations for science is always doomed to fail. They also think that a
philosophical foundation is not something science needs in any case. In
stead, we can only hope to develop an adequate description of how knowl
edge and science work if we draw on scientific ideas as we go. And the de
scription of knowledge and science that results will be no more certain or
secure than the scientific theories themselves.

Most philosophers who call themselves naturalists would agree with
that sketch. From there on, however, there is a lot of disagreement. "Natu
ralism" is one of those words that a wide range of people find appealing as
a label for themselves. As Elliott Sober likes to say, the term suggests that
one's theories contain "no artificial ingredients." Philosophers, like sham
poo manufacturers, would always like to call their products "natural;' So
there is a risk that naturalism as a movement will be swamped by the over
use of the term and will dissolve into platitudes. Despite this risk, "natu
ralism" is the label I use for most of my own philosophical work, and
throughout the rest of this book I will often suggest that naturalism is our
best hope for solving the core problems of philosophy of science.

10.2 Quine, Dewey, and Others

Where did contemporary naturalistic philosophy come from? The birth of
modern naturalism is often said to be the publication of W. V. Quine's pa
per "Epistemology Naturalized" (1969). Certainly Quine's work is very
important here, but we should not think of modern naturalism as coming
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entirely out of Quine. The American philosopher John Dewey is usually
thought of as a pragmatist, but during the later part of his career (from
roughly 1925 onward) his philosophy was a form of naturalism. In some
areas Dewey's version of naturalism is superior to Quine's. But Dewey's
philosophy was neglected during the second half of the twentieth century,
and Quine is definitely the figure who had the most influence on natural
ism. (Quine once acknowledged Dewey as an earlier naturalist, but Quine
experts regard this as a polite gesture rather than a sign of real influence.)

Quine's article "Epistemology Naturalized" made a number of claims.
He first attacked the idea that philosophers should give "foundations" for
scientific knowledge. Quine's claims on this point have become central to
naturalistic philosophy. But Quine also made a more radical claim. He sug
gested that epistemological questions are so closely tied to questions in sci
entific psychology that epistemology should not survive as a distinct field
at all. Instead, epistemology should be absorbed into psychology. The
only questions asked by epistemologists that have any real importance, in
Quine's view, are questions best answered by psychology itself. Philoso
phers should expect that psychology will eventually give us a purely scien
tific description of how beliefs are formed and how they change, and we
should ask for no more.

This version of naturalism is one that I, and many others, oppose. This
opposition will probably come as no surprise; Quine seems to be claiming
that philosophers interested in questions about belief and knowledge
should close up shop and go home. Just as scientists warm to the heroic de
scription of scientific work given by Popper, many philosophers turn a cold
shoulder to Quine's claim that there is nothing important for us to do (un
less we get psychology degrees and move to the psychology department).
But aside from wanting to keep the paychecks coming, there is a deeper is
sue here.

In a different version of naturalism, there is such a thing as a philo
sophical question, distinct from the kinds of questions asked by scientists.
A naturalist can think that science can contribute to the answers to philo
sophical questions, without thinking that science should replace philo
sophical questions with scientific questions. That is the version of natural
ism that I defend. This contrasts with the kind of naturalism described by
Quine in his 1969 paper; there we think of science as the only proper source
of questions as well as the source of answers.

If we think that philosophical questions are important and also tend to
differ from those asked by scientists, there is no reason to expect a re
placement of epistemology by psychology and othersciences. Science is
used as a resource for philosophy, not as a replacement.
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What might be examples of these questions that remain relevant in nat
uralistic philosophy but which are not directly addressed within science it
self? Many naturalists have argued that normative questions are important
examples here-questions that involve a value judgment. If epistemology
was absorbed by psychology, we might get a good description of how be
liefs are actually formed, but apparently we would not be told which belief
forming mechanisms are good and which are bad. We would not be able to
address the epistemological questions that have to do with how we should
handle evidence, and how we can tell a good argument from a bad one.
Those questions are central to philosophy. For the naturalist, the answers
to these questions will often depend on facts about psychological mecha
nisms and the connections that exist between our minds and the world. But
the naturalist expects that it will remain the task of philosophy to actually
try to answer these questions. The sciences tend to concern themselves
with different issues.

The term "normative naturalism" is often used for naturalistic views
that want to retain the normative side of epistemology. (The term was
coined by Larry Laudan [1987]; see also Kitcher 1992). I should also note
here that although Quine's original discussions seemed to leave no place
for normative questions in epistemology, toward the end of his career he
modified his view, bringing it closer to normative naturalism (Quine 1990).

Normative naturalism accepts many (though not all) of the normative
questions that have been passed down to us from traditional epistemology.
But what is the basis for making these value judgments? What is the basis
for a distinction between good and bad policies for forming beliefs? At this
point normative naturalism confronts one aspect ofthe old and difficult
problem of locating values in the world of facts. In the face of this prob
lem, normative naturalists have often chosen a simple reply. The value judg
ments relevant to epistemology are made in an instrumental way.

In philosophical discussions of decision-making,an action is said to be
instrumentally rational if it is a good way of achieving the goal that the
agent is pursuing, whatever that goal might be. When assessing actions ac
cording to their instrumental rationality, we do not worry about where the
goals come from or whether they are appropriate goals. We just ask
whether the action is likely to achieve the outcome that the agent desires.
And if some action A is being used as a means to B, it is a factual matter
whether or not A is likely to lead the agent to B. So it is a factual matter
whether or not action A is instrumentally rational for that agent.

It is uncontroversial to say that one kind of rationality is instrumental
rationality. It is much more controversial to say that this is the only kind of
rationality. Some normative naturalists think that instrumental rationality
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is the only kind of rationality that is relevant to epistemology. The problem
of assessing which of a person's ultimate goals are justifiable is either re
jected (because there can be no such assessment) or not addressed.

Earlier I said that John Dewey's work in the 1920S and 1930S describes
and applies a good version of naturalism. Dewey's handling of the question
of epistemological norms and values is one strength of the view. In his·1938
book Logic, Dewey develops a version of what would now be called nor
mative naturalism. He says that in his epistemology, claims of "good" and
"bad" reasoning are intended in the same way that we would understand
claims about "good" and "bad" farming (1938,103-4). Everyone is aware,
he says, that some farming techniques are better than others at achieving
the usual sorts of goals that farmers have. The likely consequences of dif
ferent farming decisions are a factual matter, and we learn about these con
sequences from experience. The methods of farming that we presently re
gard as good ones are not perfect, and they might be improved further in
the future. But there is no philosophical problem with making value judg
ments of this kind. Dewey says that the same is true of value judgments in
epistemology.

I have focused on the role of normative questions here, but these are not
the only kinds of questions that belong within epistemology, as opposed to
the sciences that "feed into" epistemology. Another set of questions asked
by philosophers have to do with the relationships between our common
sense or everyday view of the world, on one hand, and the scientific picture
of the world, onthe other. What kind of match (or mismatch) is there be
tween the two pictures? We find questions of this kind in epistemology:
what relationship is there between the common-sense or everyday picture
of human knowledge, and a scientific description of our real contact with
the world?

Answering this kind of question requires that we summarize both the
everyday and the scientific pictures in a concise way and then compare them.
One of the fastest-moving and most interesting parts of naturalistic philos
ophy in recent decades has been the naturalistic philosophy of mind. How
does the everyday picture of the human mind and its contents (thoughts,
beliefs, desires, memories) compare with the picture of the mind that is
emerging from psychology and neurobiology?

Another set of philosophical questions that remain pressing for the nat
uralist have to do with the relations between different sciences. The various
sciences each give us fragments, based on empirical work, of what the world
is like and how it runs. But do the fragments tend to fit together neatly, or
are there mismatches and tensions between them? The philosopher patrols
the relationships between adjacent sciences, occasionally climbing into a
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helicopter to get a synoptic view of how all the pieces fit together. This can
result in philosophical criticism of particular scientific ideas, but the criti
cism is made from the point of view of our overall scientific picture.

So I can now summarize the version of naturalism that I accept. Natu
ralism in philosophy requires that we begin our philosophical investiga
tions from the standpoint provided by our best current scientific picture of
human beings and their place in the universe. We begin from this picture,
and we do not try to give a general justification, from outside of science,
for our entitlement to use it. The science we rely on is not completely cer
tain, of course, and may eventually change. The questions we try to answer,
however, need not be derived from the sciences; our questions will often be
rather traditional philosophical questions about the nature of belief, justi
fication, and knowledge. Science is a resource for settling philosophical
questions, rather than a replacement for philosophy or the source of phi
losophy's agenda.

I should note that I am not arguing that all work done by philosophers
should be naturalistic in this sense. In particular, philosophy has long served
another unusual and useful role in intellectual culture; it has acted as an
"incubator" for novel, speculative ideas, giving them room to develop to a
point where they may become scientifically useful. There are other roles for
philosophy.as a discipline as well. Philosophy often benefits, in fact, from
its somewhat loose organization and open-ended agenda. We never know
what new ideas, issues, or approaches might appear. But to the extent that
we can expect to solve the big problems in fields like epistemology, natu
ralism is probably the right approach.

So what questions should we address in naturalistic philosophy of sci
ence? Back in chapter I, I distinguished two sets of questions that would
shape this book. We should try to achieve (I) a general understanding of
how humans gain knowledge of the world around them, and (2) an under
standing of what makes the work descended from the Scientific Revolution
different from other kinds of investigation of the world. Those summaries
are a start, but I can now fill in a bit more detail.

Does a naturalistic investigation of the role of observation in science
support the familiar idea that observation and experiment make science re
sponsive to the real structure of the world? One way to understand the work
of some sociologists of science, including Latour, is to see it as proposing a
theory of scientific change that gives no role to this notion of "responsive
ness" to the world. Where exactly does a view like that go wrong? There
could, in principle, be an institution that looked like what we call "sci
ence" but in which there was no genuine responsiveness to the world. Ex
periments would be no more than expensive "PR" exercises, and theories
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would change via a process of negotiation between factions. How do we
know that our own science is not like this? In order to resolve this issue, we
need to distinguish some "in principle" questions and some "in practice"
questions. Does the nature of human thought and perception allow that,
in principle, scientific belief can be made responsive to the real structure of
the world? Even if this is possible in principle, do actual scientific commu
nities operate in a way that makes this responsiveness occur in practice?

Suppose we are indeed able to vindicate the idea that science is respon
sive to the world; then what sort of contact with the world do our success
ful theories achieve? It is familiar to think of truth as the goal that we set
for our theories; a good theory is one that represents the world truly. But
is the traditional concept of truth a coherent and useful one here? Does it
help us understand scientific progress at all? (Kuhn believed it does not.)
What sense, if any, can a naturalist make of the idea of an "inductive logic;'
or a general theory of evidence? If we are able to isolate features of scien
tific thinking or scientific community structure that seem powerful and
valuable, how can these be safeguarded and strengthened? Are there fea
tures of science that are self-defeating or harmful, which we might try to
resist or change?

This version of naturalism will guide the remaining chapters of the book.
But as I emphasized earlier, there are many different views that people like
to label as naturalistic. And even philosophical discussions of science that
are not carried out under the banner of naturalism have become more re
sponsive to a variety of sources of ideas. This broadened perspective on the
kinds of information that might be helpful has been a notable feature of re
cent philosophy. Some philosophers think the result has been chaotic, a
profusion of ambiguous fragments and half-finished forays in too many di
rections. Discipline has been lost. But others, including me, think that the
result has generally been progress.

10.3 The Theory-Ladenness of Observation

In this section I will focus on a debate that developed in the 1960s and con
tinues to the present. The debate concerns the role of observation in science,
and it is often called the debate about the "theory-Iadenness of observa
tion." Put most simply, the debate has to do with whether observational ev
idence can be considered an unbiased or neutral source of information
when choosing between theories, or whether observations tend to be "con
taminated" by theoretical assumptions in a way that prevents them from
having this role. The problem is especially important for people who want
to develop empiricist views. Advocates of radical theories of science, of the



156 Chapter Ten

kind discussed in the last few chapters, have often seen the theory-Iadenness
of observation as a powerful argument against mainstream empiricism.

So the debate is important. The reason it is discussed in this chapter is
that this debate becomes much easier to settle if it is approached from a
naturalistic point of view. This issue gives us a good illustration of how
naturalistic philosophy works in practice.

Our topic is observation. But "observation" is being understood in a
very broad way here, to include all kinds of sensory contact with the world,
all kinds of perception. Empiricists have agreed that observation is our
source of knowledge about the world. Despite a good deal of disagreement
within the empiricist movement, observation has generally been seen as
theory-neutral. This neutrality, or absence of bias, is often the basis for the
claim that observation is an "objective" way to settle disagreements.

It was against this background that arguments for the "theory
ladenness" of observation developed, especially inthe work of N. R. Han
son, Kuhn, and Feyerabend. These arguments are a mixture, but their in
tended upshot is clear: observation cannot function as an unbiased way of
testing theories (or larger units like paradigms), because observational judg
ments are affected by the theoretical beliefs of the observer. Therefore, tra
ditional empiricist views about the role of observation in science are false.

As I said, these arguments are a mixture. Sometimes they are about the
language of observation reports, sometimes about observation as a psycho
logical phenomenon, sometimes about the beliefs resulting from observa
tion, sometimes all of these. And while some of the phenomena discussed
in the arguments are important and challenging, others are not. Some ar
guments only trouble logical positivism, while others trouble all possible
views about science other than radical skepticism or extreme relativism.

Let us start with the more innocuous arguments. Sometimes it is
claimed that observation is guided by theory, because theories tell scientists
where to look and what to look for. This is true, but no sensible empiricist
has ever denied it. This fact does not affect the capacity of observation to
act as a test of theory, unless scientists are refusing to look where un
friendly observations might be found. All empiricists would regard that as
a breakdown of fundamental scientific procedures.

At other times it is claimed that scientists must use theoretical assump
tions to decide which observations to take seriously. Some apparent obser
vations might involve malfunctions or mistakes of various kinds and can
be disregarded. The observations that affect theory choice are "filtered"
through a process in which some data are discarded. Because theoretical
beliefs affect this filtering, there is the possibility of bias here.

Those problems are real. What they involve, however, is the problem of
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holism about testing, which was introduced back in chapter 2. Philoso
phers are still trying to unravel this problem, as they try to develop new the
ories of testing and confirmation. In the absence of a general solution to
these problems, some pieces of an answer can be suggested. The theoreti
cal assumptions that affect the relevance of an observation to a piece of
theory can themselves be tested separately. We might also venture some
low-level recommendations: perhaps in crucial tests, scientists should be
more reluctant to discard observations. But in this area it is hard to know
which pieces of common sense are helpful, which are trivial, and which are
flat wrong.

Another set of arguments about observation concern language. When a
scientist has an experience, he or she can only make this experience rele
vant to science by putting it into words. The vocabulary used, and the mean
ings of even innocent-looking terms, will be influenced by the scientist's
theoretical framework. Given the interconnections between the meanings
of words in a language, there is no part of language whose application to
phenomena is totally "theory-free."

Some versions of this argument are not of enduring importance because
they cause trouble only for the logical positivist ideal of a purely observa
tionallanguage, sharply distinct from the parts of language that use or as
sume theoretical ideas. Sometimes critics of empiricism write as if once it
has been shown that the language of observation is in some sense "theo
retical;' that is the end of the argument and empiricism is dead. This is a
mistake. In working out the relevance of this issue to more modern forms
of empiricism, everything depends on which kinds of theories affect the
language of observation and on the nature of this effect. For example,
maybe observational reports assume "theories" that are so low-level that
the testing of real scientific theories will never be affected. We can think of
the assumption that objects generally retain their shape when we are not
looking at them as "theoretical" in a sense, but the effect of this assump
tion on observation reports does not usually matter to testing in science.

But suppose it can be shown that observation reports are affected by the
kinds of theories that are themselves being tested. For example, Feyerabend
tried to show that innocent-looking descriptions of motion in the seven
teenth century were affected by theoretical background assumptions in this
way. This looks like trouble. But even this kind of effect mayor may not be
philosophically important. A theory might contribute the concepts used to
express an observation, without this affecting the capacity of an observa
tion report to test the theory in question. Not every result described in terms
of the concepts preferred by theory T will be an observation report that is
favorable to theory T. Back in my discussion of Popper, I mentioned that an
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observation of rabbit fossils in Precambrian rocks would be a massive shock
to evolutionary theory (section 4.6). Suppose we regard "I saw rabbit fos
sils in Precambrian rocks" as an observation report that is very much
"laden" with biological and geological theory. Some might want to say it is
so laden with theory that it is not an observation report at all. But regard
less of this, the report would still be a massive shock to evolutionary theory.

So imagine that we had a simple falsificationist view of testing in sci
ence. It is clear that the fact that observation reports are expressed using
concepts derived from a theory has no effect on the capacity of nature to
say NO to a conjecture. Simple falsificationism is not an adequate view
of testing in science, but that does not matter to the present point. The
point is that an influence of theory on observational vocabulary does not,
on its own, prevent observation from acting as an unbiased test of theory.

The final aspect of the theory-Iadenness arguments that I will consider
is the most important. Kuhn and others have argued that even the experi
ences themselves that a person has are influenced by their beliefs, includ
ing their theories. Not just the use of observation reports in assessing the
ories, and not just the linguistic form of the reports are affected, but the
perceptual experiences themselves are. There is no stage in the processes of
observation in science where theories do not playa role.

When giving these arguments, Kuhn and others liked to use the results
of psychological research in the middle of the twentieth century. This re
search was taken to refute a "passive" view of perception and replace it
with a view holding that perception is active and intelligent. Psychologists
emphasized the multiple ways in which a pattern of stimulation on the
retina could be caused by objects in the world. If there are multiple possi
bilities, then theoretical assumptions must be used by the visual system to
make a choice (Gregory 1970).

This kind of theory-Iadenness argument was attacked by Jerry Fodor in
a very convincing (and very funny) 1984 article called "Observation Re
considered;' My reply to the argument largely follows his. As in the case of
the influence· of theory. on observational language, everything hinges on
which theories affect observation and how they affect it.

Fodor turned the tables on some theory-Iadenness arguments via a dis
cussion of perceptual illusions of the kind oftendiscussed in psychology text
books. Consider the Miiller-Lyer illusion, represented in figure ro.1. The two
lines are the same length, although we tend to see the lower one as longer
than the upper one. According to psychology, the illusion is brought about
by the unconscious use of background assumptions in the processing of
visual inputs. People have taken this result to show a kind of theory-
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ladenness in perception; we do not realize it, but our general and implicit
beliefs about the world are affecting what we see.

But Fodor then notes that although it is true that the illusions seem to
be produced by the effects of unconscious theory, some pieces of theory or
background knowledge seem to have no effect on perception. Most no
tably, the illusion is not affected by the knowledge that it is an illusion, or
by knowledge of the theory of illusions. Those pieces of background knowl
edge do not make the illusion go away. We seem to have a situation in which
the mechanisms of perception are influenced by some theories and not oth
ers. And the theories that do have this effect are not high-level scientific the
ories. They are low-level sets of assumptions about the physical layout of
the world-the three-dimensional nature of space, the effect of distance on
apparent size, and so on.

Fodor links his argument to a research program in psychology that
posits modules in the explanation of perception and some other tasks
(Fodor 1983). Modules are automatic, innate pieces of mental machinery
that do their processing unconsciously and make use of a fixed subset of a
person's background knowledge. In perception, modules send their output
to the "central" cognitive mechanisms. These central mechanisms have ac
cess to all a person's theories and ideas when working out what to do with
the observation. So although the later stages of responding to observation
are affected, in principle, by all the theories a person might have, the out
put of the perceptual module is not. The module's operation-which de
termines how things seem to a person-is not biased by whether the per
son accepts one scientific theory or another.

As Fodor says, this does not solve the entire problem of the role of ob
servation in testing. Even if observation itself is not biased by commitments
to scientific theories, as has been alleged, there is still the issue of what a
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person does with the observation. That takes us back to the problem of
holism about testing.

Not all the problems have been solved, but we have made progress. And
I think it is clear how this discussion provides support for a naturalistic ap
proach to philosophy of science. Observation is a natural phenomenon,
studied by fields like psychology and psychophysics. Those disciplines tell
us what perceptual mechanisms are like and what kind of connection we
have to the world via these mechanisms. Naturalistic philosophers can put
these results to use in working out how observation operates in science
generally.

There are two general sets of questions about observation that we need
to answer.

I. To what extent is observation a reliable way of forming true beliefs about what
is going on in the world? When is observation using ordinary human senses re
liable, and when is it not?

2. Is observation neutral between competing theories of the kind we wish to test
in science? Can people with very different theoretical commitments agree about
what has been observed? That is, does observation provide an intersubjective

basis for theory choice?

These two sets of issues are distinct, but they are connected in complicated
ways. For example, if we have reason to think that observation using ordi
nary human senses is very reliable in normal conditions, then we can ex
pect a wide range of people to agree when they are looking at the same
thing in normal conditions. This claim could be hedged more, but the ba
sic idea is clear. Reliable senses shared across all normal humans can be ex
pected to deliver consensus. But it is also possible that we could have wide
agreement without reliability; we might all be deluded in the same way.
Some philosophers have thought that color vision is like this. Colors are
not really "out there" in the world, even if we all experience them that way.

In order to assess whether observation is neutral between competing the
ories, the kind of evidence that Fodor presents in his 1984 paper is relevant.
Although his arguments are rather convincing, the important thing here is
not whether a "modular" theory of perception is ultimately right. The im
portant thing is to see what kind of scientific evidence is relevant for settling
the question. In order to work out whether observation in scientific com
munities is affected by theoretical differences in a way that threatens em
piricism, we need to work out what human perceptual mechanisms are
like, whether they tend to be similar in all normal humans, and what role
high-level scientific beliefs have in the process of observation. This kind of
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evidence does not itself settle whether observation is a reliable way of form
ing true beliefs about what is going on in the world. But that is something
that can be investigated systematically by psychology and psychophysics.

Note that our perceptual mechanisms might use low-level theories in a
way that makes perception reliable without the low-level theories them
selves being true. What we are trying to assess is the reliability of observa
tion reports themselves. We might have built into our brains something like
Euclidean geometry, which is not strictly true of our universe, but which is
used in such a way that we almost always end up with true observational
judgments. Note that the Euclidean habits we have for interpreting space
did not prevent us from revising the scientific belief that space strictly fits
Euclidean geometry, as Einstein did in his theory of General Relativity.

I will finish this section by starting to sketch a version of empiricism that
follows a naturalistic approach to the role of observation. This will be a re
curring theme in the rest of the book.

We ask, What is the role of observation in science? To answer this, we
need first to understand the actual role of observation in the sociological
patterns of scientific activity. How is observation used as a resource in sci
ence? How is it used in the settlement of controversies? Then we can start
to feed in results from the scientific study of observation. We ask, Given the
kind of connection to the world that observation provides, and given the
role of observation in science, what kind of contact does science itself have
with the world? If observation is the channel by which theory makes con
tact with reality, what kind of channel is it? That is a question that we can
only answer by drawing on the empirical sciences that deal with observa
tion and perception.

If empiricism about science is vindicated by the answers to these ques
tions, it will be a form of empiricism that differs from traditional forms.
Observation is a form of physical contact between our minds and the
world. This contact is the product of evolution, and it has whatever degree
of reliability it has because of our evolutionary history and the contingent
relationships between our structure and that of our surroundings. Science
is an attempt to exploit this contact between our minds and the world, and
science is also motivated by the limitations that result from our relations
to the world; we need science because much of the world is not accessible
to ordinary observation. Science works by taking theoretical ideas and try
ing to find ways to expose them to observation. The scientific strategy is to
construe ideas, to embed them in surrounding conceptual frameworks,
and to develop them, in such a way that this exposure is possible even in
the case of the most general and ambitious hypotheses about the universe.
That view is a kind of empiricism, and I think we can be optimistic about
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that kind of empiricism. This is a form of empiricism in which naturalism
is, in a sense, primary. The advantages of empiricist philosophical ideas are
not shown or established by philosophy alone.

Further Reading

The history of naturalistic philosophy is discussed in Kitcher 1992. Kornblith's
Naturalizing Epistemology (1994) is a good collection of papers on the topic, in
cluding Quine's classics. Dewey's most important naturalistic work is his Experi

ence and Nature (1929). Callebaut's Taking the Naturalistic Turn (1993) is an un
usual exploration of naturalism based on interviews; his idea of who is a naturalist
is also a bit unusual in some cases. For normative naturalism, see Laudan 1987. For
good examples of naturalistic work in the philosophy of mind, see Dennett 1978,

Fodor 1981, Stich 1983, and Dretske 1988.

Fodor's 1984 paper on observation is the subject of a response in the journal
Philosophy of Science by Paul Churchland (1988). Fodor also replied in the same
issue. See also Bishop 1992. See Giere 1988 for a treatment of various other issues
in philosophy of science using a "cognitive" approach that draws on psychology.

11
Naturalism and the Social Structure of Science

What is good for General Motors is not always good for the nation, but once science is
properly understood, it turns out that what is good for the individual scientist is by
and large good for science.

DAVID HULL, Sdence as a Process

11.1 Science as a Process

Traditional empiricism neglected the social structure of science; naturalis
tic philosophy has tried to avoid this mistake.

David Hull's sprawling Science as a Process (1988), the source of the
epigraph above, is the product of decades that Hull spent observing and in
teracting with biologists, especially the community of biologists who study
systematics, the classification of organisms.

Hull's story begins with a fairly common-sense picture of both science
and scientists. Scientists are curious about the world, as many other people
are. Individual scientists make their way into a social structure that puts
this curiosity to work and does so via empirical testing. So far this does not
tell us much. But Hull then argues that what makes science special is an un
usually good relationship between the motivations and goals of the indi
vidual scientist, on one hand, and the goals of science as a whole, on the
other.

Is science a fundamentally cooperative enterprise, or is it a fundamen
tally competitive one in which scientists are out for personal advancement?
According to Hull (and also Merton), science runs on a combination of co
operation and competition. Neither is fundamental, and the special fea
tures of science are due to an interaction between the two. This interaction
arises from the reward system found in science and the context in which
the reward system operates.

163'
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Hull argues that the main professional motivation for individual scien
tists is the desire for recognition. And one kind of recognition is most rel
evant: use. Scientists want other scientists to use their work, giving credit
when they do so. Clearly Hull is close to Merton here, as he acknowledges.
As we saw in chapter 8, Merton argued that recognition is the basic reward
in science. There might be some differences, however. Hull stresses the de
sire to have one's ideas used; Merton stresses being recognized as the first to
come up with an idea. Often these will go together, but not always. In Hull's
view but not Merton's, if a scientist's version of an idea is used because it is
especially convenient, even though it was not the first, that counts as a real
reward. For Hull, being used and cited matters more than anything else.

What generates the distinctive features of science, as Hull sees it, is this
reward system operating in a special context. Each scientist inherits the
ideas and methods of her or his field from earlier workers. Of course, an
individual might revolutionize the field, but even revolutionary work starts
out from an inherited context. Individual scientists cannot do anything sig
nificant without entering a system of cooperation and trust. You can't
make a contribution of your own without using the work of others. And in
order to use the work of others in ways that provide support for what you
are doing, you need to give citations. So the desire to do work that is used
requires using, and citing, the work of others. Scientists trade credit for
support, and they do so in the hope that others will do the same for them.
This reciprocation is not primarily a matter of goodwill (although that can
be a factor); it results from a special kind of self-interest.

Traditional descriptions of science often stress the replicability of re
sults. A result is not trustworthy if only one lab seems able to produce it.
But as Hull emphasizes, no one has the time to do much of this replication
and checking. The checking that actually occurs is a consequence of the de
sire to have one's work used. In order to do work that others will use, you
need to ensure that the work that you rely on can be trusted. So those who
check and attempt to replicate results will often be those who need to know
whether they can rely on those ideas. Another kind of person who will be
motivated to engage in rigorous checking will be someone whose own
work is either discredited or made less important by a piece of new work.
Hull also argues that the reason why fraud in science is so much more se
rious a crime than theft, even in cases where public well-being is not af
fected, has to do with these sorts of factors. In a case of theft or plagiarism,
the only person harmed is the one stolen from. But when a case of fraud is
discovered, allthe scientists who used the fraudulent work will find their
work on that topic deemed unreliable, and their work will not be used.
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So the desire to have one's work used generates many other features of
science-the elaborate networks of citation, the real but selective checking
of others' results, the relative seriousness of fraud and theft. And Hull ar
gues that although this system malfunctions on occasion, the general result
is a harmonious relationship between the behavior of individual workers
and the goals of science as a whole. Cooperation and teamwork is com
mon. Hypotheses are scrutinizedclosely. Idle speculation and shoddy work
are discouraged. Ideas are shared freely (though not before they are in pub
lishable form). Work produced by those who are low on the totem pole is
taken seriously (especially by those whose own projects might be helped or
harmed).

A number of philosophers and scientists have been attracted to a picture
of science as a dialogue between an imaginative voice and a critical voice,
between the speculative and the hard-headed. Popper is an example. This
is.an appealing picture, but why should this dialogue actually occur? Hull
aims to give us a mechanism. And a key part of the mechanism is the dis
tribution of roles across different people. In contrast to Popper, Hull ar
gues that there is no need for individual scientists to take a cautious and
skeptical attitude toward their own work; others will do this for them.

Back in chapter 6, I discussed the "invisible hand" structure of Kuhn's
account of science. I made an analogy to Adam Smith's famous defense of
market economies, which argued that a collection of selfish individuals in
teracting in a market tends to produce a good outcome for everyone. Kuhn's
analysis of science sees a degree of individual~leveldogmatism as con
tributing to openness at the level of science as a whole. In Smith and Kuhn
we have a surprising explanatory relationship between individual-level prop
erties and the properties of the whole. Hull's picture of science has some
similarity to these cases, but as he says, the hand is not really hidden or "in
visible" in the story he tells. The relationship between individual and group
level properties is not so unexpected.

So far we have looked at the consequences of the structure of.reward
and motivation in science. But why do scientists want to have their work
used in the way Hull describes? This question is related to another: why has
the social structure that Hull describes arisen so rarely, across the range of
different communities that have wanted to understand the world?

Hull says that he assumes that both curiosity and a desire for recogni
tion are fairly basic human motivations. But, I suggest, a desire for the spe
cific kind of credit found in science is surely more unusual. What we seem
to have is a situation in which a basic human desire for credit is shaped by
the internal culture of science into a very specific desire for recognition in
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the form of use. More accurately, we should expect both some shaping and
some selection here; individuals who do not find the scientific reward sys
tem satisfying might never finish graduate school.

Hull and Merton both look at possible roles for broader cultural features
here. Modern science developed in European societies that were comfort
able with the ideas of individual competition and credit. The reward sys
tem found in science was a fairly early invention. When the French Acad
emy was founded in the seventeenth century, its members initially tried to
handle credit in a communal way, but this did not work, so they switched
quickly to a more individualistic approach. The Royal Society of London,
under its skillful first secretary, Henry Oldenburg, used rapid publication
in the Proceedings to allocate credit and to encourage people to share their
ideas. Oldenburg's system, which also included anonymous refereeing of
papers, is basically what has come down to us today.

In this outline of Hull's ideas, I have not yet mentioned one of his main
arguments. Hull tries to describe scientific change as an evolutionary pro
cess, in a sense derived from biology. Science changes via processes of vari
ation and selection, just as biological populations do. Individual ideas in
science are replicated in something like the way that genes are. And the dif
ferent rates with which ideas are replicated are consequences of their man
ifestations in the brains and the public representational systems (books,
journals, computers) of the scientific community. Scientific change is a pro
cess in which some ideas outcompete others in a struggle for replication.

The idea of understanding scientific change via an explicit analogy with
biological processes of variation and selection has been tried out by a num
ber of writers (Toulmin 1972; Campbell 1974; Dennett 1995). As we saw
in chapter 4, Popper's view of science also has an analogy with evolution
by natural selection, although Popper did not start out with this analogy
in mind.

Though the analogy between science and Darwinian evolution is some
thing that people keep coming back to, the analogy has not yielded a lot of
new insights so far. We find the same result in many other attempts to de
scribe cultural change as an evolutionary system; a wide variety of pro
cesses can be described in a way that borrows from evolutionary biology,
but usually this exercise does not teach us anything about those cultural
processes that we did not know before. Biological populations have special
features that make the abstract concepts of evolutionary theory helpful in
trying to understand them. Other systems, which lack these features, can
be described in evolutionary terms with a bit of shoehorning, but we do not
seem to gain much from doing so.

That does not keep the analogy between evolution and scientific change
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from being an interesting one. The analogy can be interesting without be
ing a basis for a new theory of science.

11.2 Kitcher and the Division of Scientific Labor

I move to a second example of naturalistic work on the social structure of
science, this one from the work of Philip Kitcher.

In chapter 7 I discussed Lakatos's and Laudan's views about competi
tion between research programs. Both presented a picture of science based
on competition between teams of workers developing rival theories and
perhaps defending rival methods. This picture seems to cover some parts of
science rather well. Both Lakatos and Laudan were interested in giving
normative rules for scientific behavior in this situation. But as I said back
then, there is a gap in their treatment of the issue. They were thinking of ra
tional choices by individuals. We can also look at the situation from the
point of view of the scientific community, and we can ask, What is the best
distribution of workers across rival research programs, for the community
as a whole?

Kitcher takes up this issue in detail (1990, 1993). He starts by asking
this question: suppose you ruled science "from above" and had to allocate
resources to rival research programs. In a particular scientific field, you find
two different approaches being taken to the same problem. Research pro
gram I looks more promising than research program 2, but no one knows
which approach will ultimately work. However, it is clear that either one
will succeed while the other fails, or both will fail. How should you allocate
resources, to maximize the chance that the scientific problem will be solved?

The answer will depend on the details of the case, obviously. But it seems
clear that in a wide variety of situations, the best approach will not be to
allocate all resources to one option and none to the other. Some degree of
"bet-hedging" will often be advisable, even in cases where one program is
obviously more promising than the other. A wise "ruler of science" would
often allocate most of the resources to the better research program but
some resources to the alternative.

To say more than this, we need to represent the situation mathematically,
and that is what Kitcher does. The crucial features of the situation will be
the degree to which one program is more promising than the other and the
mathematical functions that describe how each research program responds
to the addition of more resources. Here is a simple case. Suppose that both
research programs become more and more likely to succeed as more work
ers are added to them, but in both cases there is a "decreasing marginal re
turn." As more workers are added to a program, each additional worker
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makes less and less difference to the chances of success. We can then see
why an optimal allocation of resources will often not put every worker on
one program. After a certain point, adding more workers to a program has
almost no effect, and these people would be better put to work on the al
ternative. Unless the total pool of workers is small and the overall differ
ence in promise is big, the best distribution of workers will allocate some
to one program and some to the other.

That is what we would want if the allocation of resources could be con
trolled from above. But of course, this is not how things usually work. Now
suppose that individual scientists are making their own choices about
which program to work on. The next question Kitcher asks is, What kind
of individual reward system in science will tend to produce distributions of
workers that benefit science as a whole? What kind of reward system will
tend to produce the same distribution of workers that the "ruler from
above" would want?

One option that would not work well would be to give a fixed reward to
everyone who works on the program that eventually succeeds, regardless of
how many workers there are. That system would induce everyone to choose
the more promising program, and the community would have all its eggs in
one basket. Another approach would be to reward individuals for making
choices that produce the maximum benefit in terms of the overall chance
that the community will solve the problem. This would work in principle,
but it does not seem a realistic reward system for actual scientific commu
nities. So here is a third option: we reward only the individuals who work
on the research program that succeeds, but we divide the "pie" equally be
tween all the workers who .chose that program. So the reward that an indi
vidual gets will depend not just on their own choice but on how many other
individuals chose the same program.

This third reward system, Kitcher argues, will produce a good distribu
tion of workers across the two options. We can see why that is. Once one
research program becomes crowded, an individual has little incentive to join
that program because, if it does payoff, the pie is being divided among too
many people. Although the other program is less likely to succeed, if it does
succeed, there will be fewer workers sharing the reward. So an individual
who wants to maximize his or her "expected payoff" will often have reason
to choose the less promising program. In this way, selfish individual choices
will produce a good outcome for the whole community. And Kitcher sug
gests that this reward system is fairly close (with simplifications) to what
we actually find in science. The "pie" here is not cash but prestige.

Kitcher's story has a definite "invisible hand" structure. We have selfish
individual behaviors combining to produce a good outcome for the com-
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munity. This outcome might be one that the individuals are uninterested in
or even unaware of.

Kitcher's work has recently been followed up by Michael Strevens
(2003). Strevens shows that Kitcher was too optimistic about the reward
system in which a fixed pie is shared equally by all workers on a successful
program. Although this reward scheme will tend to produce a fairly good
distribution of workers from the point of view of the community, it often
will not produce the best distribution. Suppose you are making the choice
of which program to join. There are cases where you will do best to join
the more promising program even though your joining makes little or no
difference to its chance of success.· Others have given the program a good
chance of success, and your joining gives you a good chance of an equal
share of the pie, though your efforts would have been more productive if
you had joined the alternative program. Had you joined the alternative,
you could have made a real difference to the community's overall chance of
solving the problem. Soa kind of "free riding" is encouraged in Kitcher's
reward scheme.

Strevens argues that another reward scheme is both better for the com
munity and closer to the actual situation in science. This scheme allocates
rewards to an individual that are proportional to the contribution he
makes to the particular research program that he joins. The payoff is given
only if a research program solves the scientific problem, and the pie is
shared unequally among those working on the successful program. Work
ers who joined early and made a big difference to the program's chance of
success get more than workers who joined late and made little difference.

There is obviously a great deal more detail that could be added here; I
have just introduced the simplest part of a complicated model. The overall
picture is clear, though. Hull, Kitcher, Strevens, and others are looking at
the relationship between individual incentive and community-level success
in science. The argument-made most bluntly by Hull but endorsed byoth
ers-is that science has hit on a particularly effective way of coordinating
individual energies to yield good outcomes for the community as a whole.

11.3 Social Structure and Empiricism

At the end of the previous chapter, I began to sketch a version of empiricism
based on a naturalistic approach to philosophy. Science attempts to exploit
the contact with the world that humans have via experience, using this con
tact to explore and assess hypotheses about the world. In this sense, we
mightthink of science as a strategy for answering questions and working
out what to believe. To a very limited extent, this strategy can be followed
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by a lone individual, but what results is something that has few of the dis
tinctive features of science. The power of science is seen in the cumulative
and coordinated nature of scientific work; each generation in science builds
on the work of workers who came before, and each generation organizes
its energies via collaboration and public discussion. This social organiza
tion permits the scientific strategy to function at the level of social groups;
the dialogue between the speculative voice and the critical voice can liter
ally be a dialogue, rather than something internalized in the mind-set of the
individual scientist. These social groups can include some individuals who
are not especially open-minded-who are very wedded to their own ideas
provided that the group as a whole retains flexibility and responsiveness to
evidence.

So how do we get a community of individuals to behave in this sort of
way? We need a suitable reward system and also various external supports.
Some of what is needed is obvious; scientists need to be able to make a liv
ing, unless we intend to leave it all to rich amateurs. The society as a whole
must allow questioning and open-ended inquiry. Though these factors are
obvious, other needs are probably more subtle. The work of people like
Merton and Hull suggests that science may need a specific kind of internal
culture and reward system; the delicate balance between competition and
cooperation is not easily achieved. But there are many unanswered ques
tions here. Might science work just as well, or better, with a slightly differ
ent reward system from what we find today? Do we really need the intense
and often egoistic competition found in the science of Western market
based societies? Those who like competitive, individualist societies will be
inclined to say yes; they will think that nothing else can generate the pre
cious patterns of scientific social behavior. Those who dislike individual
ism and competition, who prefer a more communitarian or socialist soci
ety, might say no; they will hope that we could do as well or better with a
different reward system and a less competitive atmosphere.

This is a point where some feminist discussions of science are relevant.
Some feminists hold that the competitive and individualist culture of sci
ence is more in tune with the temperaments of men than of women. This
affects the ability of many women to flourish within the culture of main
stream science. If it is real, this exclusion may have epistemological conse
quences. Suppose it is also true that women bring a different "style" of
thought and investigation to science and that science benefits from diver
sity of this kind. In that case (and there are a lot of "ifs" here), the com
petitive culture of science will tend to produce subtle kinds of uniformity
in scientific thinking and will reduce the frequency of a valuable kind of in
put into scientific discussion.
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So we see that there are several ways in which Hull's blunt assertion of
the harmony between individual-level and group-level benefit in science
might be overstated. One of Hull's own examples is interesting here. Hull
discusses, and extends, work by sociologists on the temperament and lead
ership styles of successful scientists. The data suggest that an aggressive
faith in one's own ideas, the pushiness of a "true believer;' can be useful in
at least some fields. Hull refers to a sociological study in which a detailed
survey of students and colleagues was used to investigate the temperaments
of some famous twentieth-century psychologists in the United States. One
contrast is especially interesting, that between B. F. Skinner and E. C. Tol
man. Both Skinner and Tolman were in the "behaviorist" tradition in psy
chology; they wanted psychology to be experimental, quantitative,and
closely focused on behavior. But Skinner's version of this approach was al
most absurdly strict, while Tolman's was more flexible. Tolman was also a
modest, open-minded, considerate sort of person; Skinner was dogmatic
and pushy. And Skinner, with his crusading zeal, had much more influence
than Tolman. We cannot know for sure what role temperament had in ex
plaining this difference in success, of course, but the data are suggestive
(and Hull found similar results in a smaller study of his own).

So suppose that pushiness and zeal work well for individuals. Does this
tend to result in good outcomes for science? In this case, a good argument
could be made for the opposite view. I conjecture, and many psychologists
would agree, that if Tolman had dominated mid-twentieth-century psy
chology rather than Skinner, it would have been far better for the field.
(Some of Tolman's ideas are currently being revived [Roberts 1998].) I sus
pect that Hull might reply that the possible problems raised by the feminist
objection just above, and those illustrated by the case of Skinner and Tol
man, are a small price to pay for the benefits gained from the present bal
ance of competition and cooperation in science.

We must also bear in mind that the internal culture of science is not
something fixed and unchangeable. The ideas of people like Merton, Kuhn,
Hull, and Kitcher might describe science from the seventeenth to the twen
tieth centuries, but change may well be in the air (Ziman 2000). Scientists
have usually not hoped to become rich through their work; recognition, es
pecially by their peers, has been an alternative form of reward. But a num
ber of commentators have noted that big financial rewards have now
started to become a far more visible feature of the life of the scientist, es
pecially in areas like biotechnology. Kuhn warned that the insulation of sci
ence from pushes and pulls deriving from external political and economic
life was a key source of science's strength. We do not know how fragile the
social structure of science might be.
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In any case, this chapter and the previous one have introduced some of
the main themes in naturalistic philosophy of science. Naturalists hope
that by combining philosophical analysis with input from other disciplines,
we will eventually get a complete picture of how science works and what
sort of connection it gives us to the world. This last issue-the connection
that science gives us to the real world we inhabit-has often been mishan
dled by sociology of science and Science Studies. That is the topic of the
next chapter.

Further Reading

For assessments of Hull's theory of science, see the reviews in Biology and Philos

ophy, volume 3 (1988). Also see Sterelny 1994.

Kitcher's main work here is The Advancement ofScience (1993). The model dis
cussed in this chapter is presented in a simpler form in Kitcher 1990. Solomon
(2001) defends a "social empiricism" in detail, with many examples from the his
tory of science.

For a more general discussion of social structure and epistemology, see Gold

man 1999. Downes (1993) argues that some naturalists do not take the social na
ture of science seriously enough. Sulloway 1996 is a very adventurous discussion of
the role of personality and temperament in scientific revolutions.

12
Scientific Realism

12.1 Strange Debates

What does science try to describe? The world, of course. Which world is
that? Our world, the world we all live in and interact with. Unless we have
made some very surprising mistakes in our current science, the world we
now live in is a world of electrons, chemical elements, and genes, among
other things. Was the world of one thousand years ago a world of electrons,
chemical elements, and genes? Yes, although nobody knew it back then.

But the concept of an electron is the product of debates and experiments
that took place in a specific historical context. If someone said the word
"electron" in 1000 A.D., it would have meant nothing-or at least cer
tainly not what it means now. So how can we say that the world of 1000

A.D. was a world of electrons? We cannot; we must instead regard the ex
istence of electrons as dependent on our conceptualization of the world.

Those two paragraphs summarize one part of an argument about sci
ence that has gone on constantly for the last fifty years, and which stretches
much deeper into the history of philosophy. For some people, the claims
made in the first paragraph are so obvious that only a tremendously con
fused person could deny them. The world is one thing, and our ideas about
it are another! For other people, the arguments in the second paragraph
show that there is something badly wrong with the simple-looking claims
in the first paragraph. The idea that our theories describe a real world that
exists wholly independently of thought and perception is a mistake, a naive
philosophical view linked to other mistakes about the history of science
and the place of science in society.

These problems have arisen several times in this book. In chapter 6 we
looked at Kuhn's claim that when paradigms change, the world changes too.
In chapter 8 we found Latour suggesting that nature is the "product" of the
settlement of scientific controversy. I criticized those claims, but now it is
time to give a more detailed account of how theory and reality are connected.
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