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Introduction: Kubn’s insight

In 7he Structure of Scientific Revolutions Kuhn developed a novel and inter-
esting account of the dynamics of scientific change, one that was deeply
at odds with the assumptions that had previously informed the outlook of
philosophers of science. To many of his readers it seemed that whenever
Kuhn denied a widely accepted philosophical assumption about science,
he offered a paradox in its place.

To begin with, Kuhn alleged that scientific knowledge was not cumula-
tive. He is famous for drawing our attention to what has come to be called
“Kuhn-loss,” the “knowledge” allegedly lost when one theory replaces
another. Yet he adamantly insisted that there is scientific progress.

He also claimed that observational data could not provide a foundation
for scientific knowledge. Instead, he insisted that data are pliable and thus
scientists could not unequivocally settle disputes by appealing to data. Yet he
emphasized the importance of scientists’ work on relatively small, manage-
able, esoteric problems, which seemed to treat data as capable of disclosing
unequivocal answers to the questions driving research. These problems he
called the puzzles of normal science. Indeed, in the context of normal sci-
ence, as Kuhn describes things, the data seem to have an almost veto power.
Rather than posing a threat to the theory assumed in research, discrepancies
between expectations and results show the incompetence of the scientist.

He also claimed that scientists were not especially open-minded or crit-
ical, as Karl Popper claimed. In fact, Kuhn claimed that scientists are
remarkably uncritical with respect to the accepted theories. Further, he
suggested that the education of scientists was dogmatic, never inviting
the student to question the accepted theory. And scientific inquiry, he
claimed, was tradition-bound.

No wonder Structure was met with fierce criticism. Kuhn was giving
us an account of science very different from the positivists” account. It
seemed that he was denying every assumption that the positivists made
about science.
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Kuhn was not alone in challenging the received view. He was part of
a new wave in philosophy of science, the historical school. Members of
this school believed that philosophers could benefit greatly from examin-
ing the history of science. A study of the history of science, they thought,
would disclose the way in which scientific inquiry really worked. The
historical school did not question the epistemic authority of science and
scientists. Rather, those who subscribed to this view sought to understand
science as it was really practiced. They were not interested in a rational
reconstruction or idealization of science.

Initially, the work of the historical school was greeted with enthusi-
asm, as Kuhn and others working in a similar vein drew attention to the
discrepancies between the idealized picture of science that philosophers
had been working with and the real world of science, as gleaned from an
examination of the history of science. He and the others, drawing on the
history of science, promised to enrich our understanding of science.

In developing his own view of science, Kuhn invoked a variety of
engaging metaphors that seemed to underscore the inadequacy of trad-
itional philosophical accounts of science. Changes of theory were
described as scientific revolutions, comparable, in some respects, to pol-
itical revolutions. They were very unsettling events that required radical
breaks with the past. Scientists involved in such events were alleged to
undergo something like a conversion experience, much like a religious
conversion, an experience that seemed to admit of no rational defense.
And, science moved from one paradigm to another. Kuhn likened this
move to a gestalt shift, thus raising questions about the relationship
between the world and our theories. Kuhn even compared the change
scientists underwent when they accepted a new theory to a world change.
That is, after a scientific revolution, scientists not only work with a new
theory, they seem to work in a new world. These metaphors and com-
parisons were deeply unsettling to many philosophers, even if at the same
time they were liberating and promised to offer new insights into science.

The publication of Structure quite quickly altered both the philosophy
of science and the sociology of science profoundly. Both fields were set in
new directions.

Sociology of science, and its successor project, science studies, became
more involved in investigating the cognitive dimensions of science than
ever before. Prior to the publication of Structure, sociologists of science
studied the institutional structure of science and the impact of exter-
nal factors on science, like developments in commerce and trade. After
Structure, though, sociologists started to examine how social factors
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affected the outcome of scientific disputes, determining the way in which
disputes were resolved. These sorts of investigations were perceived by
most philosophers as unwelcome and threatening intrusions into the trad-
itional domain of philosophy. And they were met with fierce resistance.
Because Kuhn was regarded by many sociologists as a source of inspir-
ation, many philosophers held him responsible for encouraging these new
developments in the sociology of science.

Even before these developments in the sociology of science, how-
ever, philosophers of science were critical of Kuhn’s work. The tone was
set early by Popper and his fellow Popperians, when Popper and Kuhn
engaged each other at the 1965 London International Colloquium in the
Philosophy of Science. The Popperians were most disturbed by Kuhn’s
account of normal science. Popper had emphasized the critical attitude
of science, the readiness to subject any belief to empirical testing. Kuhn,
on the other hand, described the normal research activities of scientists as
dogmatic. Scientists, according to Kuhn, looked at the world uncritically,
unreflectively employing the concepts of accepted theories. Moreover, sci-
ence education was described as a process that made scientists myopic,
often even unable to see evidence contrary to their theoretical expecta-
tions. Indeed, one might wonder how on Kuhn’s account a change of
theory was even possible.

This dimension of Kuhn’s view, in combination with his unsettling
remarks about the apparently non-rational process that leads to a change in
theory, led to the development of a very negative reading of Kuhn. According
to this reading, Kuhn’s account of science and scientific change threaten the
rationality of science. If scientists really are in the grip of the accepted the-
ory to the extent that Kuhn implies, and it takes something like a religious
conversion to set them free, it is hard to see how theory change could be a
rational process. Many found it very difficult to reconcile Kuhn’s picture
of science with the accepted view of science as critical inquiry, an enemy of
dogmatism, and driven by a healthy, skeptical attitude. Consequently, many
thought that Kuhn'’s account of science was deeply mistaken.

It was not only Kuhn who was mistaken. A generation of sociologists
was under his spell, extending his ideas in ways that even Kuhn found
distressing. Indeed, by the mid 1980s, Larry Laudan felt the need to write
a book aimed at saving us from the Kuhnians, showing why their view of
science is deeply mistaken (see Laudan 1984). By the time Laudan pub-
lished his book, though, it was not Kuhn’s own view that was the real
object of concern. Rather, it was a particular reading of Kuhn, one influ-
enced substantially by developments in the sociology of science.
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In much of his later work Kuhn tried to correct some of the misun-
derstandings of his position. In his attempts to defend his views from
criticism, Kuhn tried to clarify his account, modifying and developing
it along the way. But unfortunately many of these developments went
unnoticed by his critics and commentators. To a large extent, philosophers
of science seemed content to accept the existence of a standard Kuhnian
position, a threatening but ultimately indefensible position against which
they would define their own positions. This attitude, I believe, is quite
unfortunate as Kuhn’s developed position is thoughtful, offering import-
ant insights into the nature of scientific change and scientific knowledge.
Indeed, Kuhn also offers important insight into how we should study sci-
ence as philosophers.

My aim in this book is to make a case for taking Kuhn’s developed
view seriously. Kuhn offers us a framework for developing an epistemol-
ogy of science. Given the social nature of scientific inquiry, Kuhn believed
that an epistemology of science needs to be a social epistemology. He also
believed that an epistemology of science needs to be an evolutionary epis-
temology. Both “social epistemology” and “evolutionary epistemology” are
labels that pick out a wide range of projects. I aim to clarify the nature of
Kuhn’s approach to epistemology, outlining the respects in which it is an
evolutionary epistemology and those in which it is a social epistemology.

None of the existing books about Kuhn’s philosophy of science give
adequate attention to the social dimensions of scientific inquiry. Nor have
they given much attention to research in the sociology of science. Such
research, I argue, is extremely relevant to advancing the goals of episte-
mologists of science. Moreover, none of the existing books take account
of Kuhn’s attempt to develop an evolutionary epistemology. My aim is to
address these shortcomings.

It should be noted that the continuity between Kuhn’s later work and the
view he developed in Structure is quite extensive. Thus, though in develop-
ing his view Kuhn revised his views in significant ways, he was motivated,
to a large extent, by the desire to clarify what he was trying to say in the
early 1960s. Indeed, some of the developments in his later work are best
described as extensions of the project that he began with Structure.

OVERVIEW

My aims in this book are: (1) to clarify the nature of Kuhn’s epistemology
of science, (2) to offer a defense of his epistemology, and (3) to clarify the
relationship between Kuhn’s views and recent work in sociology of science
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and science studies. Kuhn’s view is too often mistakenly characterized as
an unacceptable form of constructionism or relativism. Motivating my
study is a concern to show that Kuhn has a positive legacy to offer phil-
osophers of science, a constructive and insightful framework for develop-
ing an epistemology of science. Moreover, I aim to show that philosophers
cannot afford to be dismissive about sociology of science. Given the social
nature of scientific inquiry, sociological studies of science will play a key
role in developing an adequate descriptive account of scientific inquiry and
change.

Kuhn continued to develop his epistemology of science until the end
of his life. Many of the later developments in his view, however, have
been neglected by philosophers, who have tended to focus on the view
articulated in Szructure. This is unfortunate, as his developed view clari-
fies the nature of revolutionary changes in theory, one of the most con-
tentious parts of his position as presented in Structure. Most significantly,
he replaces the highly criticized notion of a paradigm change with the
notion of a taxonomic or lexical change. I aim to show how such changes
are both radical and yet rationally defensible.

Further, Kuhn develops an account of the process that leads to the cre-
ation of new scientific specialties, a topic that has been largely neglected
by philosophers, though discussed extensively by sociologists and histo-
rians of science. Central to Kuhn’s account of specialization is a radical
understanding of the end or goal of scientific inquiry. Traditionally, phil-
osophers have uncritically assumed that truth is the end of inquiry, and
the success of science is best explained in terms of the pursuit of this
goal. Kuhn, on the other hand, suggests that science is better conceived
as developing through a process of increasing specialization. This dimen-
sion of Kuhn’s project has been largely overlooked, in large part because
he never presented his views on specialization systematically. Moreover,
specialization has typically not been a topic of concern to philosophers
of science. I aim to provide a clear and systematic presentation of Kuhn’s
account of specialization. Further, I aim to articulate the philosophical
relevance of Kuhn’s account of scientific specialization, showing how the
process of specialty formation is driven by cognitive or epistemic con-
siderations. In this respect, Kuhn’s account of specialization differs sig-
nificantly from sociological accounts, which tend to emphasize the social
dimensions of the change, and downplay the epistemic dimensions. In
fact, Kuhn came to believe that specialization is one of the means by
which scientists are able to develop an increasingly accurate and compre-
hensive understanding of the world.
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Unlike some other philosophers writing on Kuhn, I aim to critically
analyze the relation between Kuhn'’s view and sociological studies of sci-
ence. Structure had a profound impact on the sociology of science. But
the directions in which sociology of science developed has created a rift
between philosophy of science and sociology of science, and Kuhn is often
thought to be partly responsible for this state of affairs. On the one hand,
I aim to show how Kuhn’s view differs from many of the sociological
studies of science that were inspired by his work. Consequently, I argue,
Kuhn has been unfairly criticized as a social constructionist. I believe
that Kuhn is nonetheless a constructionist of sorts, though we need to
take some care in distinguishing the form of constructionism he endorses
from other untenable forms. On the other hand, I aim to show that given
Kuhn’s conception of the epistemology of science, and especially his view
that the loci of theory changes are research communities, philosophers
will have to either work with sociologists of science or draw on research in
the sociology of science. This will enable philosophers to develop a richer
descriptive account of scientific change. It is unfortunate that Kuhn never
systematically articulated the relationship between his view and the views
of contemporary relativist sociologists of science.

This book is in three parts.

The first part is titled “Revolutions, paradigms, and incommensurabil-
ity.” In it I re-examine some of the most important and contentious con-
cepts that Kuhn employed in Structure with the aim of clarifying how his
view developed with respect to these concepts. Though now widely used
in philosophy of science, these concepts are often used in ways very dif-
ferent from the ways in which Kuhn used them or intended them to be
used.

I begin with Kuhn’s modified account of scientific revolutions, devel-
oped in the later part of his career. Originally, in Structure, Kuhn char-
acterized scientific revolutions as paradigm changes. But because of the
variety of meanings “paradigm” had in Structure, the notion of a para-
digm change led to many misunderstandings and much criticism. Later,
in an effort to correct misunderstandings and address his critics, Kuhn
came to characterize scientific revolutions as involving taxonomic or lex-
ical changes, a reordering of the relationships between concepts in a the-
ory. I defend Kuhn’s revised account of scientific revolutions against a
series of common criticisms.

I also examine in detail the Copernican revolution in early modern
astronomy to illustrate the explanatory power of Kuhn’s account. Kuhn’s
own book-length treatment of this episode in the history of science was
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published before he published Structure, and thus before he had worked
out the details of his account of scientific change. This episode in the his-
tory of science has also been the subject of much debate, and the historical
scholarship on the topic has developed extensively since Kuhn published
The Copernican Revolution. Consequently, it is worth re-examining this
episode in the history of science with the aid of Kuhn’s developed account
of scientific change.

In developing his view on revolutions, Kuhn did not completely dis-
card the notion of a paradigm. As a result, I will be clarifying the role
that paradigms play in Kuhn’s developed philosophy of science. Because
theory change is no longer characterized as paradigm change, one might
be led to think that paradigms have little significance in his developed
view. This is not so. Paradigms still function as the widely recognized
concrete scientific achievements that are used as models for solving hith-
erto unsolved problems in a field. They are also the means by which
young aspiring scientists learn the norms, standards, practices, concepts,
and theories in their field. Hence, paradigms play an essential role in the
socialization of young scientists. Further, I argue that Kuhn’s discovery of
the concept “paradigm” exemplifies the complex process of discovery in
science. Hence, as odd as it may sound, by the time he wrote Structure,
Kuhn had not yet discovered what a paradigm was.

Part 1 ends with an examination of the role of incommensurability
in science. I distinguish the various ways in which Kuhn used the term
“incommensurable” and identify the epistemic significance of each type
of incommensurability. Incommensurability is often thought to pose a
significant threat to the rationality of theory change. If two theories are
not even comparable, it is difficult to understand how scientists are able to
reach a rational judgment about which of the theories is superior from an
epistemic point of view. Initially, in Structure, Kuhn appealed to the con-
cept of incommensurability in order to capture the fact that scientists lack
a common measure by which to evaluate competing theories. This is why
revolutionary changes can be such protracted affairs. But in his efforts to
address his critics, Kuhn talked more and more about “meaning incom-
mensurability,” the fact that a single term, like “mass” for example, has
a different meaning in competing theories. Kuhn also came to describe
the lexicons of neighboring fields as incommensurable. In fact, he came
to believe that the incommensurability of the lexicons of neighboring sci-
entific specialties plays an important role in isolating scientists, and thus
allowing them to develop concepts appropriate to the phenomena they
study. Although meaning-incommensurability has attracted the most
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attention from philosophers writing about incommensurability, I believe
that it has less epistemic significance than the two other forms of incom-
mensurability described here.

The second part of this book is titled “Kuhn’s evolutionary epistemol-
ogy.” In it I examine the aspects of Kuhn’s epistemology of science that
make it an evolutionary epistemology.

The popularity of and enthusiasm for evolutionary epistemologies has
waxed and waned over the last five decades. And there is hardly a uni-
form understanding about what makes an epistemology an evolutionary
epistemology. I aim to clarify the senses in which Kuhn’s epistemology
of science is aptly described as an evolutionary epistemology. In add-
ition, I aim to show that his evolutionary perspective on science is an
important resource for developing an adequate epistemology of science.
His evolutionary perspective, though, profoundly alters the way we see
science. Indeed, I believe it is the magnitude of the changes caused by
this change in perspective that has led to so many misunderstandings of
Kuhn’s view.

Kuhn is widely recognized as one of the pioneers of the historical
school in philosophy of science, a group that aimed to look to the history
of science as a source of data for developing a philosophy of science. Such
an approach to the study of science was meant to lead to a more accurate
account of science, in contrast to the idealizations that emerged from the
rational reconstructions of his predecessors. But Kuhn changed his mind
about the relevance of the history of science to the philosophy of science.
He came to believe that the key lesson philosophers must learn from his-
tory is a particular perspective, a developmental or historical or evolution-
ary perspective.

Traditionally, philosophers have assumed that science aims for the
truth, that is, to mirror a reality that is indifferent and essentially unchan-
ging. Moreover, traditionally, it is assumed that the history of science is
marked by a steady accumulation of knowledge, often aided by the devel-
opment of unifying theories, theories that bring together disparate phe-
nomena under a set of laws. Kuhn challenged this traditional picture of
science in a variety of ways. First, in Structure Kuhn suggested that sci-
ence is best seen as moved from behind, rather than aiming at some goal
set by nature in advance. He compares scientific change to evolutionary
change by natural selection. According to Darwin, the process of bio-
logical change is not teleological. This was Darwin’s most radical innov-
ation. Similarly, Kuhn maintains that science is not aptly described as
moving toward a fixed goal, set by nature in advance. Instead, scientists
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are moved by research agendas set by their predecessors, and they work
with instruments and theories developed by their predecessors. I defend
Kuhn’s view. I argue, in addition, that scientists must even determine
what phenomena their theories aim to account for. In this respect, the
target at which scientists aim in their efforts to develop theories is not
predetermined.

Once we adopt the developmental perspective that Kuhn recom-
mends, we realize that scientists are always working within research
traditions, working from sets of beliefs inherited from their predeces-
sors. Moreover, their evaluations of theories are comparative, for they are
unable to compare their theories directly with a mind-independent real-
ity. Further, the increasing predictive accuracy achieved in mature fields
is not to be explained by citing the (alleged) fact that we are getting
increasingly closer to the truth. Rather, our success in science is better
explained as a consequence of the increasing specialization in science. As
new specialties are formed, scientists can develop instruments, practices,
and concepts suited to a narrower range of phenomena. The result is an
increase in predictive power.

I also compare Kuhn’s account of specialty formation with socio-
logical and historical accounts of the process. The accounts of specializa-
tion developed by historians and sociologists of science tend to privilege
the social dimension of the change that occurs, and treat the conceptual
changes as derivative. Kuhn, on the other hand, gives a privileged place to
the conceptual dimension of the developments of a new specialty. Given
Kuhn’s account of specialization, the process that leads to the creation
of new specialties is of great importance to philosophers of science inter-
ested in the epistemic dimensions of science. I examine two case studies
to illustrate Kuhn’s account: the formation of endocrinology as a field and
the formation of virology as a field of research.

Kuhn’s account of specialization is important for three reasons: (1) it
provides insight into the often overlooked cognitive or epistemic dimen-
sions of the process; (2) it makes clear why specialization is relevant to
philosophers of science, and not just sociologists and historians of science;
and (3) it is an aspect of Kuhn’s developed account of scientific change
that is still either largely neglected or misunderstood. Specialization,
I argue, will prove to be an important topic in developing a richer under-
standing of both scientific inquiry and scientific knowledge.

The third and final part of the book is titled “Kuhn’s social epistem-
ology.” Here I examine the respects in which Kuhn’s epistemology of
science is aptly described as a social epistemology. I also provide some
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direction as to what we need to do next as we seek to develop a Kuhnian
social epistemology of science.

I begin by examining the charge that Kuhn is a social construction-
ist. Though sociologists of science often enthusiastically accept such a
label, indeed, even self-consciously describe themselves as construction-
ists, philosophers of science are averse to being called constructionists. In
philosophical circles the term still carries connotations of relativism and
irrationalism. In addition, for philosophers of science constructionism
also connotes a commitment to externalism and nominalism. Further,
because the label “constructionist” is used in a variety of ways, it is far
from clear what is meant when someone is labeled a constructionist.

[ aim to clarify the relationship between Kuhn’s epistemology and
constructionism. Contrary to what some of Kuhn’s critics claim, I argue
that Kuhn is an internalist, believing that changes in theory are ultim-
ately caused by a consideration of epistemic factors, not external factors.
Kuhn does in fact attribute a significant role to subjective factors in the-
ory change, arguing that such factors are responsible for ensuring that
there is an efficient division of labor and competing theories are devel-
oped. It is only when competing theories are developed that the epistemic
merits and shortcomings of the theories emerge. And only when the epi-
stemic merits and shortcomings of competing theories are revealed can
a rational choice be made between competing theories. I also argue that
Kuhn is not a radical nominalist. Kuhn does not believe that there are
no constraints imposed by the world on how a successful theory groups
things in the world. In fact, he is quite insistent that the mind-independ-
ent world imposes constraints that are irreconcilable with some hypoth-
eses. Still, contrary to what many philosophers and scientists claim, Kuhn
does not believe that there is a single ultimate way our theories need to
group things. My analysis of Kuhn’s constructionism is meant to clarify
the relationship between his view and popular contemporary sociological
views of science, with special attention to his relationship to the views of
the Strong Programme.

I then examine the ways in which Kuhn’s epistemology of science is
aptly described as a social epistemology. Most importantly, Kuhn regards
the research community or specialty as the locus of change in science. A
change of theory is not effected merely by a change in the view accepted
by a scientist. Rather, a change of theory is a change in the research com-
munity. Thus for Kuhn theory change is a form of social change. This is
evident from the way Kuhn characterizes the development of a mature
field, from a stage of normal science, to a crisis, to a revolution resulting
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in a new phase of normal science. Consequently, in our efforts to bet-
ter understand science and scientific change we need to develop a bet-
ter understanding of the type of social change that is a theory change.
Moving forward on this issue will require philosophers to work with, or
at least draw on, the work of social scientists.

Finally, I examine the issue of how a new theory comes to be accepted
in a research community, that is, how a new theory is able to replace a
long-accepted theory. My aim is, in part, to demonstrate how empirical
research on the social dimensions of science can shed light on both the
dynamics of theory change and the role evidence plays in scientific dis-
putes. My point of departure is two claims Kuhn makes about the role of
young and old scientists in episodes of theory change. Kuhn claims that
(1) young scientists are more likely than older scientists to create new the-
ories, for young scientists have less invested in the accepted theory than
older scientists. Young scientists, he suggests, are also less under the spell
of the accepted theory, and thus better able to see the world differently
from how they have been taught to see it by the accepted theory. Further,
Kuhn claims that (2) older scientists are especially resistant to theory
change. Because they have long worked within the tradition defined by
the accepted theory, and often contributed to its development, older sci-
entists are reticent to accept a new theory. To do so, is, to some extent, to
undermine their life’s work. I raise concerns about both of Kuhn’s claims
about age and theory change.

I then examine a particular case of theory replacement, the acceptance
of the theory of plate tectonics in geology in the 1960s. This example pro-
vides me with an opportunity to demonstrate what philosophers of sci-
ence can learn from empirical studies of science, the sorts of studies that
sociologists of science conduct. Drawing on an existing empirical study
of this episode in the history of science, I show that different scientists
responded to the new theory in different ways. Some geologists accepted
the new theory even before the bulk of the evidence supported it. Others
were moved by the new evidence gathered in the 1960s. And still others
were late to accept the new theory. The range of responses to the evidence,
I argue, need not threaten the rationality of science. In fact, the range
of responses suggests that the research community was well structured
in certain respects. Early accepters ensured that the research community
as a whole was not too dogmatic and close minded. And late accepters
ensured that it was not too fickle.

Thus, we still stand to learn much from Kuhn’s philosophy of sci-
ence. Indeed, I argue that both his descriptive account of science and his
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orientation to the study of science, the evolutionary perspective, are the
keys to developing a richer understanding of science and scientific know-
ledge. Hence, Kuhn’s descriptive account of science and his evolutionary
perspective provide a framework for developing a general philosophy of
science.

This book is, first and foremost, concerned with philosophy of science.
It is about the epistemology of science. But because I explore the rela-
tionship between Kuhn’s views and work in the sociology of science, the
book also provides sociologists with insight into the source of the tensions
between sociologists and philosophers of science. Much of the animosity
between scholars in the two fields is due, I believe, to misunderstand-
ings about the other field. And some of the misunderstandings are due
to the fact that sociologists and philosophers employ different concepts,
and thus, to some extent, talk past each other. Overcoming such com-
munication barriers is genuinely challenging. But I do not think that
philosophers can afford to neglect the work of sociologists of science. A
viable epistemology of science needs to draw on work in the sociology of
science.
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CHAPTER 1

Scientific revolutions as lexical changes

There is no better place to begin a study of Kuhn’s developed epistem-
ology of science than with his remarks on scientific revolutions. This is
so for three reasons. First, revolutions figure so importantly in Kuhn’s
account of scientific change. It is their structure that he was trying to
elucidate in 7he Structure of Scientific Revolutions. And it is their exist-
ence which supports his non-cumulative account of scientific know-
ledge. Second, revolutionary scientific changes were the focus of much
of the criticism against Kuhn’s account of science. According to Kuhn,
the development of scientific knowledge is punctuated by scientific revo-
lutions, dramatic and unsettling events that undermine the traditional
picture of the growth of scientific knowledge as cumulative. Such an
account of science was widely perceived as posing a significant threat to
the rationality of science. Third, in his later work Kuhn develops a new
definition and understanding of scientific revolutions, one designed to
avoid the pitfalls of his earlier characterization of scientific revolutions as
paradigm changes.

In this chapter, I examine Kuhn’s developed account of scientific
revolutions. He no longer identifies revolutions as paradigm changes.
Rather, a revolution involves the replacement of an accepted scien-
tific lexicon or taxonomy with a new one. Such changes are precipi-
tated by crisis in the research community. And the resolution of the
dispute between advocates of the competing theories or lexicons cannot
be resolved by means of shared standards. Importantly, Kuhn regards
the research community, or scientific specialty, as the locus of theory
change and scientific change in general. Revolutions are not just changes
in individual scientists’ beliefs. This helps us understand why Kuhn
stopped comparing revolutionary changes to gestalt shifts. Research
communities are incapable of experiencing gestalt shifts. Hence, a revo-
lutionary change occurs only when a research community replaces the
theory with which it works with another theory. This is one important
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respect in which Kuhn’s epistemology of science is aptly described as a
social epistemology.

Historians and philosophers of science have raised concerns about the
concept of a “scientific revolution.” Some historians, Steven Shapin (1996)
and Betty Jo Teeter Dobbs (2000), for example, suggest that “sbe Scientific
Revolution” of the early modern era was merely a rhetorical construction.
They claim that though the scientific revolution has figured prominently
as an organizing idea in the discipline of history of science, it has now lost
its utility.

The concerns of philosophers are somewhat different. Philosophers
have expressed concern about the fact that revolutionary changes in
science, if they in fact occur, may not be rationally defended (see, for
example, Chen and Barker 2000 and van Fraassen 2002, lecture 3).
Thus, some have expressed the fear that if Kuhn’s account of the pro-
cess of theory change is correct, theory change cannot possibly be
rational (see Lakatos 1970/1972 and Laudan 1984). This has led some
philosophers to seek means to mitigate this threat to the rationality
of science by either denying the existence of revolutionary changes or
domesticating them in some way (see Laudan 1984 and Andersen ez al.
2006).

My aim is to examine the extent to which Kuhn’s political metaphor,
his comparison of theory change in science to radical political change,
is appropriate. This metaphor may seem to support his critics’ reading,
according to which Kuhn regarded revolutionary changes as irrational
and resolved by means of political power. But I aim to show that there is
a more charitable and insightful reading, one that matches Kuhn’s own
intentions in making the comparison. Consequently, though scientific
revolutions might be like political revolutions in a number of important
respects, this does not mean that scientific revolutions are either irrational
or resolved by means of the exercise of power.

I will begin with a brief presentation of the account of scientific rev-
olutions Kuhn develops in Structure. Then I present three criticisms of
Kuhn’s distinction between normal and revolutionary scientific changes.
These criticisms draw attention to common concerns with, misunder-
standings of, and ambiguities in Kuhn’s view. I then examine Kuhn’s
mature account of scientific revolutions. In the process, I clarify what
sorts of changes in science are aptly described as revolutionary. Finally, I
address the concerns of the critics, and thus defend Kuhn’s mature view
of revolutionary changes.
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THE REVOLUTIONS OF STRUCTURE

Despite the fact that Kuhn’s view of scientific revolutions developed over
the course of his life, he never revised the list of events that he regarded as
scientific revolutions. The revolutionary scientific discoveries Kuhn lists
in Structure are shown in Table 1. Included in the table are the names of the
scientists who are attributed with making the revolutionary discovery, the
year of their birth, as well as the year in which they publicly presented the
discovery, and an indication of the book, article, or presentation in which
the discovery was first reported.

These scientific discoveries differ from each other in many respects, yet
when Kuhn wrote Structure he regarded each of them as a revolutionary
discovery. That is, he regarded each as the sort of discovery that interrupts
and ultimately undermines a normal scientific research tradition.

In Structure, Kuhn defined a scientific revolution as a “non-cumulative
developmental [episode] in which an older paradigm is replaced in whole
or in part by an incompatible new one” (1962a/1996, 92; emphasis added).
Such changes are contrasted with normal scientific discoveries. Scientists
making these discoveries take the accepted paradigm for granted. It is
worth emphasizing that discoveries made during periods of normal sci-
ence can be significant, for “normal” does not imply insignificant. The
discovery of what has come to be known as Boyle’s Law is a typical, nor-
mal scientific discovery. This discovery was certainly significant, but that
does not make it revolutionary. There was no need to introduce a new
paradigm in order to accommodate or make the discovery. Further, the
evaluation of Boyle’s great discovery was unequivocal. In cases of revolu-
tionary science, evaluations are not so straightforward. This point will be
illustrated in the next chapter.

In calling particular episodes in the history of science “revolutions”
Kuhn sought to draw attention to similarities between a type of change in
science and a type of political change, political revolutions. In Structure,
he identifies two key similarities that warrant the comparison. First, he
notes that preceding both a political revolution and a scientific revolution
is a “growing sense ... that existing institutions have ceased adequately
to meet the problems posed by an environment that they have in part
created” (19622/1996, 92). According to Kuhn, this “sense of malfunction
that can lead to crisis is prerequisite to revolution” (92). Hence, just as a
political community will not overthrow the existing institutions until they
believe that these institutions are failing them, a scientific community
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Table 1. Kuhn’s scientific revolutions

Revolutionary Revolution Date
Copernicus Planets orbit the sun 1514
b. 1473 Commentariolus: 1st draft

Galileo Celestial change 1610
b. 1564 Sidereus nuncius

Galileo Independence of weight and rate of fall 161619
b. 1564 De motu accelerato

Kepler Elliptical orbits 1609
b. 1571 Astronomia nova

Boyle Atomic theory of chemistry 1661
b. 1627 Sceptical Chymist

Newton Theory of light and colour 1672
b. 1642 Royal Society letter on light and colours

Newton Newtonian dynamics 1684-86
b. 1642 De Motu

Musschenbroek Leyden jar 1746
b. 1692

Kleist Leyden jar 1745
b. ¢. 1700

Franklin Theory of electrical phenomena 1750
b. 1706 “Opinions & Conjectures ...”

Hutton Uniformitarianism 1785
b. 1726 Theory of the Earth

Black Fixed air is distinguishable from normal air 1756
b. 1728

Herschel Discovers Uranus 1781
b. 1738

Lavoisier Discovers oxygen 1777
b. 1743

Lavoisier Chemical revolution 1786
b. 1743 “Réflexions surla ...”

Proust Chemical law of fixed proportions 1794
b. 1754

Dalton Chemical atomic theory 1807
b. 1766 Edinburgh lectures

Young Wave theory of light 1802
b. 1773 “On the Theory of Light and Colours”

Fresnel Wave theory of light 1821
b. 1788

Ohm Ohm’s Law 1827
b. 1789

Darwin Evolution of species by natural selection 1844
b. 1809

Wallace Evolution of species by natural selection 1855
b. 1823 “On the Law which has regulated the

Introduction of New Species”
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Table 1. (cont.)
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Revolutionary Revolution Date
Clausius Thermodynamics 1850
b. 1822 “Ueber die bewegende Kraft der Wérme”
Lord Kelvin Thermodynamics 1851
b. 1824
Maxwell Electromagnetic theory of light 1865
b. 1831 “A Dynamical Theory of the
Electromagnetic Field”
Roentgen Discovers x-rays 1895
b. 1845
Planck Radiation law 1900
b. 1858 “Zur Theorie des Gesetzes der Energie
Verteilung im Normalspectrum”
Einstein Relativity theory 1905
b. 1879
Einstein Quantum mechanics 1909
b. 1879 Salzburg presentation
Bohr Bohr’s atom 1913
b. 1885
Heisenberg Matrix mechanics 1925
b. 1901 “Uber quantentheoretische Umdeutung
kinematischer und mechanischer
Bezichungen”

will not seek to replace its lexicon until they believe that the accepted
lexicon is unfit to solve the problems that concern them. The reason why
scientists are reluctant to replace the existing lexicon should be clear. “As
in manufacture so in science — retooling is an extravagance reserved for
the occasion that demands it” (Kuhn 1962a/1996, 76).’

Interestingly, a number of social scientists attribute a significant causal
role to the sense of disappointment that precedes political revolutions (see,
for example, Davies 1962; Gurr 1970; and Goldstone 1991). Perez Zagorin
(1973) notes that this emphasis on the role of rising disappointments as the
cause of political revolutions can be traced back to Alexis de Tocqueville
(Zagorin 1973, 41). Significantly, Ted Gurr argues that it is neither

* Kuhn employs a variety of metaphors in Structure, including paradigm, religious conversion, pol-
itical revolution, gestalt switch, this retooling metaphor, as well as various biological metaphors.
Though his metaphors have led to interesting insights for those studying science, at times his
mixing of metaphors makes it difficult to be clear what exactly he is saying about science.
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deprivation in itself nor a specific degree of deprivation that leads to a
political revolution (1970, 83). History provides us with many examples of
people deprived of many things who do not revolt. The deprivation that
seems to agitate people enough to revolt is a relative deprivation. That is,
a precondition for a political revolution and political violence in general is
a discrepancy between people’s expectations and their capabilities for satis-
fying them. And, as Gurr explains, a person’s point of reference in deter-
mining their own sense of deprivation “may be [their] own past condition,
an abstract ideal, or the standards articulated by a leader [or] a ‘reference
group”” (25). Hence, in principle, one could feel a sense of deprivation
even as one experiences an objective improvement in one’s condition.

Assuming that the comparison with political revolutions is appropri-
ate, a scientific theory may continue to lose followers even as the the-
ory is being refined and is improving. This is because the theory may
not be getting better fast enough, or though it is getting better, it is not
improving as fast as a competitor theory is. Hence, contrary to what Imre
Lakatos (1970/1972) claims, even a progressive research program may be
abandoned. To ensure its status as the accepted or dominant theory, it is
not enough for a theory to improve its problem-solving ability. It must
improve its problem-solving ability better than competing theories. This
comparative dimension of theory evaluation was a central part of Kuhn’s
view from the publication of Structure.

The second noteworthy similarity between political revolutions and
these significant scientific changes is that neither sort of change is sanc-
tioned by the existing institutions and norms. Kuhn claims that “political
revolutions aim to change political institutions in ways that those institu-
tions themselves prohibit” (1962a/1996, 93). Similarly, revolutionary sci-
entific changes alter the existing institutions and norms in ways that the
currently widely accepted theory, norms, and standards prohibit.

Not only do the scientists involved in a revolution not acknowledge the
legitimacy of existing standards, the competing parties involved “acknow-
ledge no supra-institutional framework for the adjudication of revolution-
ary difference” (Kuhn 19622/1996, 93). Consequently, each party appeals
to its own standards to justify their behavior. As a result, the competing
parties involved in a revolution inevitably talk past each other. Moreover,
any attempt to justify one’s choice is apt to be circular (1962a/1996, 94).
Both those defending the status quo and those seeking to initiate a radi-
cal change will justify their choice of theory by appealing to standards
and norms their opponents do not accept. Indeed, it is this feature of
scientific revolutions that has led a number of philosophers to think that
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Kuhn believes that the resolution of revolutions is irrational (see espe-
cially Lakatos 1970/1972, 93; and Laudan 1984).

THREE CRITICISMS OF KUHN’S DISTINCTION

In this section, I want to examine three common criticisms that have
been raised against Kuhn’s account of scientific revolutions as presented
in Structure. These criticisms challenge the way Kuhn draws the distinc-
tion between normal and revolutionary science.

First, some argue that the various changes in science that Kuhn regards
as revolutionary did not affect scientists and scientific practice to the
same degree, and consequently are not aptly described as being of one
kind. Ernan McMullin (1993), for example, argues that we need to distin-
guish between what he calls shallow, intermediate, and deep revolutions.
McMullin draws these distinctions in order to mitigate the threat posed
by the very possibility of radical, cataclysmic changes in science, that is,
deep revolutions.

McMullin regards the discovery of x-rays as a typical shallow revo-
lution (1993, 59). He explains that with this discovery “no fundamental
change in theory occurred. No troublesome anomalies were noted in
advance [and] there was no prior crisis to signal that a revolution might be
at hand” (59). Shallow revolutions, like this one, are quite circumscribed
and leave much intact. They are of local interest only, affecting relatively
few scientists.

More profound, McMullin argues, was the impact of “the replacement
of phlogiston theory by the oxygen theory of combustion” (60). But even
in this case, he claims, “the epistemic principles governing the paradigm
debate” were “left more or less unchanged” (60). Thus, McMullin grants
that there was an important conceprual change. But because the same epi-
stemic principles are accepted before and after the change, McMullin
believes that this type of change poses no threat to the rationality of sci-
ence. After all, what counts as a good reason or adequate evidence does
not change. McMullin regards this sort of change as an “intermediate
revolution.”

McMullin grants that some revolutions are in fact deep. But these revo-
lutions, he suggests, are quite rare, and when they have occurred they
occur over a long period of time. For example, as McMullin notes, the
Copernican revolution “took a century and a half ... to consummate”
(1993, 60). McMullin claims that even the revolutions that led to the
acceptance of the theory of relativity and quantum mechanics are not
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deep revolutions (1993, 61). Given the significant differences between the
various scientific changes that Kuhn regards as revolutions, McMullin
questions whether the various events constitute one #ype of event (see also
Bird 2000, 50—54).

Andersen ez al. (2006) also claim that there are grades of revolution.
They argue that revolutions differ with respect to the grades of incom-
mensurability that the scientists involved experience (16). For example,
they discuss a case of theory change that took place in ornithology in the
1830s that they regard as local. This change of theory was prompted by
the need to account for a newly discovered species, the horned screamer, a
species that was an anomaly, given the prevailing taxonomy.* This change
of theory, they argue, affected only the specialists working in ornithology.
Whatever tension the horned screamer may have caused for ornithologists
until they developed the conceptual resources to classify it, knowledge of
its existence had no unsettling effects for herpetologists and ichthyolo-
gists, that is, reptile and fish specialists.

Andersen et al. (2006) aim to show that some revolutions are quite
localized and innocuous. Thus, the incommensurability associated with
scientific revolutions need not and generally does not undermine the
rationality of theory change. Rather, radical changes in science generally
happen in a piecemeal fashion, where each stage in the process can be
rationally defended. This piecemeal account of theory change is similar to
Larry Laudan’s (1984) reticulated model of theory change.’

Second, some critics claim that the various changes that Kuhn regards
as revolutions are not different in kind from the various changes that occur
during the phases that Kuhn describes as normal science. Instead, the
various types of changes in science are more aptly construed as lying on
a continuum. McMullin (1993), for example, argues that what we find in
the historical record “is a spectrum of different levels of intractability, not

> The prevailing taxonomy, developed in the 1600s by the English naturalist John Ray, distin-
guished between water birds and land birds. The horned screamer, though, had attributes of both
classes, and thus defied classification. In the 1830s Carl Sundevall developed an alternative tax-
onomy, one that could accommodate the horned screamer (Andersen ez al. 2006, 74—75).

3 It is important to note that Andersen ¢# 4/. (2006) do believe that the concept “scientific revolu-
tion” is a useful one for understanding science and scientific change. In this respect, they differ
from Laudan (1984) and others who accuse Kuhn of exaggerating the differences between revolu-
tionary and non-revolutionary changes in science. But Andersen et 4/. do not think that scientific
revolutions pose a threat to the rationality of theory change.

Further, Chen and Barker claim that some taxonomic changes can be accommodated without
violating the “no-overlap principle” (2000, S214). In such cases, the new and old taxonomies are
commensurable. Like those critics of Kuhn who seek to mitigate the effects of non-rational fac-
tors on theory change, Chen and Barker aim to show that all conceptual changes in science can

be rationally defended (S221).
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just a sharp dichotomy between revolutions and puzzle solutions” (62—63).
Further, McMullin argues that normal science is similar in important
respects to the way Kuhn characterizes revolutionary science. In particu-
lar, he claims that “decision between rival theories is an everyday affair in
any active part of science” (62). Hence, contrary to what Kuhn suggests,
theory choice is not unique to scientific revolutions.

This concern has also been raised by others, including Karl Popper
(1970/1972), Stephen Toulmin (1970/1972, 41—42), Alexander Bird (2000,
54—s7), and Ernst Mayr (2004). Popper (1970/1972) rejects “Kuhn’s typ-
ology of scientists” on the grounds that there are many gradations
between normal scientist and extraordinary scientist (54). Popper suggests
that though “there can hardly be a less revolutionary science than descrip-
tive botany,” in their efforts to solve their research problems botanists are
often forced to engage in theoretical science (54). Thus, Popper believes
that descriptive, experimental, and theoretical work “merge almost imper-
ceptibly” (s4).

Similarly, Toulmin (1970/1972) suggests that most of the alleged sci-
entific revolutions that concern Kuhn are more aptly described as mere
“conceptual incongruities.” And given the frequency and small scale of
these changes there seems to be little basis for distinguishing between
normal and revolutionary scientific changes (see 44—45). Toulmin even
recommends that we call some alleged scientific revolutions “micro-
revolutions” (47), thus proposing that scientific changes be construed as
lying on a continuum.

Mayr claims that in biology “there is no clear-cut difference between
revolutions and ‘normal science’™ (2004, 165). He grants that there have
been some significant changes in biology, but insists that “even the major
revolutions [that have occurred in biology] do not necessarily represent
sudden, drastic paradigm shifts” (168). In fact, he claims that in biology
“an earlier and subsequent paradigm may coexist for long periods ...
[and] they are not necessarily incommensurable” (168).*

Whereas the first criticism of Kuhn’s distinction between normal
and revolutionary science suggests that not all alleged revolutions affect
science and scientists so profoundly, the second criticism suggests that

+ Others have also sought to determine the extent to which Kuhn’s model of change fits the bio-
logical sciences, given that Kuhn’s background was in the physical sciences and his examples are
drawn predominantly from physics, astronomy, and chemistry. For example, John Greene (1971)
investigates whether Kuhn’s theory of scientific change aptly describes the process of change in
natural history. Greene argues that though “the Kuhnian paradigm of paradigms can be made to
fit certain aspects of the development of natural history ... its adequacy as a conceptual model for
that development seems doubtful” (23).
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revolutionary discoveries are not categorically different from normal sci-
entific discoveries. Rather, revolutionary discoveries are those rare discov-
eries lying at one end of a continuum of discoveries, a continuum that
includes even the most routine discoveries of normal science. This attempt
to show that the various types of changes are not categorically different is
also aimed at reducing the radical nature of alleged scientific revolutions.
If revolutions are just those changes lying at the far end of a continuum
on which most changes are indisputably rational, then perhaps they too
are rational. Further, if there are very few genuinely revolutionary changes
in science, they pose very little threat to the rationality of science.

The third criticism of Kuhn’s distinction between normal and revo-
lutionary science is that his two categories, normal science and revolu-
tionary science, fail to provide us with the conceptual resources necessary
to understand the variety of changes that occur in science. For example,
Alexander Bird (2000) claims that the discovery of the structure of DNA
“does not fit Kuhn’s description of development — it originated in no cri-
sis and required little or no revision of existing paradigms even though it
brought into existence major new fields of research” (60). Bird argues that
significant discoveries that lead to the development of new practices and
fields, but that do not alter existing paradigms, fit into neither of Kuhn'’s
categories. Hence, given the fact that Kuhn’s framework does not provide
us with the conceptual resources to understand the full range of changes
in science, it is inadequate.

To summarize, critics have raised three challenges to the distinction
Kuhn draws between normal and revolutionary science: (1) the changes that
Kuhn regards as revolutionary changes are a diverse range of phenomena
and thus do not belong in the same class; (2) the two types of changes, nor-
mal and revolutionary, are not categorically different; and, finally, (3) the
two categories, normal and revolutionary, are not exhaustive.

Motivating Kuhn’s critics is a concern to show that science is not influ-
enced by irrational or non-rational factors to the extent that Kuhn implies
(see Laudan 1984, 70—71). If truly revolutionary scientific changes are
either extremely rare or can be shown to be similar in important respects
to normal scientific changes, then science is shielded from the influence
of non-rational factors.

KUHN’'S REVISED ACCOUNT OF
SCIENTIFIC REVOLUTIONS

In this section I want to examine Kuhn’s mature account of scien-
tific revolutions. To a large extent, Kuhn’s mature account of scientific
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revolutions is merely a clarification of his earlier view, the view presented
in Structure.

Kuhn came to realize that his earlier characterization of scientific revo-
lutions in terms of paradigm changes led to a number of misunderstand-
ings. In particular, a number of the early critics of Structure pointed out
that Kuhn used the term “paradigm” in an imprecise fashion. Margaret
Masterman (1970/1972), for example, argues that Kuhn employs the term
“paradigm” in multiple ways in Szructure, thus obscuring the explana-
tory work that the concept was meant to do (see also Shapere 1964/1980).
The ambiguity associated with the term “paradigm” led to multiple inter-
pretations and misinterpretations of Kuhn’s view of scientific revolutions.
Indeed, much of Kuhn’s work after Structure is directed at correcting or
addressing these misunderstandings caused by his use of the term “para-
digm change.”

As Kuhn refined his view in light of criticism, he developed an alterna-
tive characterization of scientific revolutions, one that makes no reference
to paradigms. Ultimately, he characterizes scientific revolutions as scien-
tific changes involving taxonomic or lexical changes. An example will
illustrate what he has in mind. Whereas Ptolemaic astronomers used the
term “planet” to denote wandering stars, that is, those “stars” that are not
fixed stars, Copernicus used the term “planet” to denote a celestial body
that orbits the sun. This is no small change. After all, whereas Ptolemaic
astronomers did not consider the Earth to be a planet, Copernican astron-
omers did consider the Earth to be a planet.

Competing theories do not group things in the same way. They have
incompatible ways of dividing objects into classes or kinds, and they have
incompatible views about how the various kinds of objects relate to each
other. According to Kuhn, a revolution always involves the replacement of
one lexicon or taxonomy by another incompatible lexicon or taxonomy.
Because a research community can change taxonomies only if a lexicon
or taxonomy is already widely accepted, revolutions can occur only in
mature fields, that is, fields that have experienced a period of normal sci-
ence (see especially Kuhn 19622a/1996, chapter vi1).

Not all taxonomic or lexical changes are the same. Revolutionary
changes, Kuhn claims, violate the no-overlap principle. The no-overlap
principle states that “no two kind terms ... may overlap in their referents
unless they are related as species to genus” (1991a/2000, 92). For example,
the no-overlap principle implies that there are no dogs that are cats, and
that all cats are animals (see Kuhn 1991a/2000, 92). As a result, Kuhn
explains, “if the members of a language community encounter a dog that’s
also a cat ... they cannot just enrich the set of category terms but must
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instead redesign a part of the taxonomy” (92). Kuhn believes that any
development or discovery in science that requires a violation of the no-
overlap principle will result in a scientific revolution. An accepted theory
or taxonomy will need to be replaced by a new theory or taxonomy. On
the other hand, developments in science that do not violate the no-overlap
principle can be made within a normal scientific research tradition.

Despite revising the definition of “scientific revolution,” Kuhn did not
change his views about which episodes in the history of science count as
revolutions. This is unfortunate because, as we will see in the next sec-
tion, a clearly articulated notion of scientific revolution cannot be recon-
ciled with the full list of examples Kuhn cites in Structure. Thus, at least
one of the critics’ concerns is justified.

In his developed account of scientific revolutions, Kuhn retains some of
the features of the account he developed in Szructure. Most significantly,
he continued to believe that scientific revolutions were precipitated by
disappointment with the prevailing standards, conceptual resources, and
practices, and that advocates of competing theories lack shared standards
rich enough to resolve their differences. Thus, he never did retract the
comparison with political revolutions.

We are now in a position to identify the necessary and sufficient condi-
tions for a Kuhnian revolution. For a scientific revolution to occur, (1) a
research community must make a taxonomic or lexical change that vio-
lates the no-overlap principle; (2) the change must undermine the shared
standards of the research community; and (3) there must be widespread
disappointment with existing practices. Each of these conditions is a
necessary condition for a revolution. But none on its own is a sufficient
condition. It is only when the three conditions occur together that a sci-
entific revolution occurs.

After all, a taxonomic change need not violate the no-overlap principle.
Moreover, some taxonomic changes can be made without undermining
the shared standards of a research community. For example, the add-
ition of a new term designating a newly discovered animal species may
be accommodated by merely extending the existing biological taxonomy,
by adding an additional branch to the existing taxonomy. The discov-
ery of many new species, including, for example, the recently discovered
Batrachylodes frog in Papua New Guinea, can often be integrated into the
accepted taxonomy by merely adding a new branch to an existing taxo-
nomic tree (see Schenkman 2010, 301). Membership in the neighboring
species is unaffected by the discovery. Such an addition neither violates
the no-overlap principle nor is it apt to affect the prevailing standards of
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evaluation. But in the case of the change of theory that occurred with the
discovery of the horned screamer, a set of concepts had to be reorganized.
Ornithologists had to change the relations between the concepts such
that particular things that were regarded as belonging to the same class
no longer belong to the same class (Andersen ez al. 2006, 69—75). Hence,
in cases such as this one evaluating the competing theories can become
problematic.

Widespread disappointment with existing practices is also necessary in
every scientific revolution (Kuhn 1961/1977, 208). Unless there is such dis-
appointment, there would be no reason to change taxonomies. Scientists
are not whimsical. Indeed, were a research community to change tax-
onomies without there being widespread disappointment, science would
differ little from the fashion industry where mere changes of zaste are suf-
ficient to cause radical change.

It is worth stressing that these conditions are conditions that affect a
research community, not individual scientists. An individual’s decision
to adopt a theory different from the one she accepted in the past does not
qualify as a revolution. Hence, when Tycho Brahe accepted a new theory
of planetary motion that embodied a lexicon or taxonomy at odds with
the then widely accepted Ptolemaic taxonomy, a revolution in astronomy
did not occur. The relevant locus of taxonomic or lexical change is the
research community. A revolution occurs only when a research community
changes taxonomies or lexicons in the manner specified above.

This point about the locus of change in science is easy to overlook. In
fact, Kuhn admits that in his earlier discussions of scientific change he
often confused the attributes and experiences of individual scientists with
the attributes and experiences of the research community. For example,
he occasionally carelessly implies that both individuals and research com-
munities undergo a gestalt shift when they accept a new theory (see Kuhn
1989/2000, 88). Clearly, as Kuhn recognizes, only an individual could
have such an experience. A research community is not a perceiving agent
capable of gestalt shifts. In attributing revolutionary changes to research
communities we are not required to treat them as capable of perception or
cognition.

It is also worth noting that Kuhn uses the term “revolution” as a term
of success only. Given his definition, there is no such thing as a failed

5 When an individual scientist or a historian of science moves between an older theory and its suc-
cessor, she may experience something like a gestalt shift. But a gestalt shift is not a revolution (see
Barker et al. 2003, 220; and Nersessian 2003, 185).
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scientific revolution. Though the expression or elaboration of an alterna-
tive theory may seem to indicate the potential for a revolution, and its
subsequent suppression may seem like an apt candidate for a failed sci-
entific revolution, the sorts of events that Kuhn would call revolutions
require the overthrow of one theory by another. A revolution occurs only
when one lexicon or taxonomy is replaced by another incompatible lexi-
con or taxonomy.

Incidentally, confusions about the meaning of “revolution” are not
unique to Kuhn or philosophers and historians of science. There is still
no consensus among social scientists on the nature of political revolutions.
In the early 1970s, Zagorin examined a variety of definitions of “polit-
ical revolution” in various theories of political revolution developed in
the social sciences and history. He found them all wanting in one way
or another, and concluded that “after this review of theories of revolu-
tion, the main conclusion to be drawn is that the subject is in a lively
but disorderly state” (1973, 52). Isaac Kraminick (1972) also examined the
competing definitions and explanations of revolution in the then recent
scholarship. He reached a similar conclusion. Kraminick argued that
“as diverse as is the literature defining revolution, there is an even wider
assortment of explanations” for why revolutions occur (35). He distin-
guishes between four broad types of explanations: political, economic,
sociological, and psychological. The psychological, he suggests, are the
least plausible, and all four types of explanations seem to rightly presup-
pose a political dimension.°

An examination of some of the most influential work on political
revolution published since the publication of Zagorin’s and Kraminick’s
papers reveals that little has changed. The term “revolution” continues to
be used in a variety of ways (compare, for example, Gurr 1970 with Tilly
et al. 1975; Skocpol 1979; Goldstone 19915 or Goldstone 2003). Some treat
political revolutions as a sub-class of political violence, others as a sub-
class of social revolutions.

In an effort to advance our understanding of political revolutions,
Zagorin urges social scientists and historians to reserve “the term [‘revo-
lution’] for a single, reasonably well marked out class of events” (1973,
27). Philosophers and historians of science need to show similar restraint
if the concept of “scientific revolution” is to aid us in understanding the
dynamics of scientific change. Indeed, if we are to benefit from Kuhn’s

¢ Kraminick also discusses Kuhn’s theory of revolution in an effort to determine what insight it
might provide into the nature of political revolutions.
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analysis of science it will be imperative that we use this term in the precise
way he came to define it.

KUHNIAN REPLIES TO THE CRITICS

In this section I want to defend Kuhn’s revised account of scientific revo-
lutions from the three criticisms presented above in the section on “Three
criticisms of Kuhn’s distinction’. In addressing these concerns I will be
clarifying Kuhn’s view, as well as making some concessions to the critics.
The result is a more precise and defensible account of scientific revolu-
tions than the one that is articulated in Kuhn’s writings.

First, it must be conceded to the critics that the sorts of changes that
Kuhn identifies as revolutions are a mixed lot. Some of Kuhn’s examples
of revolutions do not have the requisite necessary features. For example,
the discovery of x-rays is not aptly characterized as a scientific revolution.
Even though this discovery opened up new and unanticipated areas of
research, it did not lead to the replacement of one taxonomy or lexicon
by another incommensurable taxonomy or lexicon (see Chen and Barker
2000). Rather, the discovery was accommodated by creating a new field, a
field devoted to the study of the hitherto unnoticed phenomena. And even
though the discovery of x-rays had important implications for neighbor-
ing fields, it did not require the replacement of the taxonomies or lexicons
employed in neighboring fields. X-rays could be added to the inventory of
possible entities by merely adding to or extending the accepted taxonomy.
Since the discovery of x-rays did not lead to the development of a new
taxonomy incompatible with the old taxonomy, it is a mistake to count it
among the class of revolutions.

The discovery of x-rays is not the only example of an alleged revolu-
tionary discovery identified by Kuhn that really does not warrant the
name. The discovery of the planet Uranus merely required the extension
of an existing taxonomy. There was no need to replace the existing tax-
onomy with a new incompatible one. Accommodating the discovery of
the new planet did not require rearranging the relations between previ-
ously known celestial objects. Hence, the critics’ first concern is legitim-
ate. The sorts of changes that Kuhn has grouped together under the label
“revolution” are not all the same type of change. The scientific changes
that deserve to be called revolutions always involve the replacement of
one lexicon or taxonomy by another.

7 Some sociologists also expressed confusion about which episodes in the history of science were to
count as scientific revolutions. For example, criticizing Kuhn’s earlier paradigm-related account
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Let us now consider the second criticism, that revolutionary scientific
changes and normal scientific changes are not categorically different.
McMullin, Toulmin, Mayr, and others are correct to suggest that there
are some similarities between revolutionary and normal scientific discov-
eries. And some of the differences between revolutionary discoveries and
normal scientific discoveries are merely differences of degree. For example,
the sorts of problems or anomalies that lead to many sorts of discover-
ies, both normal and revolutionary discoveries, may appear intractable
at first. What distinguishes the problems that give rise to revolutionary
discoveries from the problems that one encounters during periods of nor-
mal science is that the former are generally more intractable. Further,
no matter how fundamental a change is in science there is always some
degree of consensus among the relevant practitioners. Even in revolution-
ary changes there is some degree of continuity with the science that pre-
ceded the change. What distinguishes periods of revolutionary science
from periods of normal science is the extent of consensus in the research
community. In these respects, the differences between revolutionary and
normal science are differences in degree.

But in suggesting that the differences between revolutionary changes
and normal changes in science are merely differences of degree, McMullin
and the other critics imply that there is no principled way to distinguish
the two classes of events. On this point, the critics are mistaken. In nor-
mal science, as we saw above, scientists agree about the standards by
which a contribution is to be evaluated, whereas in revolutionary science
the parties involved do not agree about the standards by which their com-
peting claims should be judged. Consequently, as argued above, revolu-
tionary changes in science are resolved in a manner that resembles the
resolution of political revolutions. This point will become even clearer in
the next chapter when I examine in detail the revolutionary change that
took place in early modern astronomy. We will see how the disputes that
lead to scientific revolutions really do give rise to distinct sets of standards
or at least sets of standards that diverge and make evaluating the compet-
ing theories challenging.

of scientific revolutions, Edge and Mulkay (1976) argue that “it is far from easy to state unam-
biguously what kinds of changes should, from Kuhn’s perspective, entail the occurrence of a
revolution” (392). Given Kuhn’s developed account of scientific revolutions, this is no longer a
concern: all and only those changes that meet the conditions outlined above in the section on
Kuhn’s revised account are revolutionary.
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Having established that there is a categorical difference between
revolutionary changes and normal changes in science, and granting
that some of the episodes Kuhn discusses as revolutions are not in fact
revolutions, we can understand why Kuhn insists that McMullin is
mistaken in distinguishing between deep and shallow revolutions (see
Kuhn 1993/2000, 251). Kuhn explains that “though revolutions differ
in size and difficulty, the epistemic problems they present are ... identi-
cal” (251; emphasis added). They really do form a set worth distinguish-
ing from other related phenomena. And they share a set of epistemic
problems.

Let us now consider the critics’ third concern: normal science and revo-
lutionary science do not account for all of the types of changes in science.
Bird is certainly correct about this. But the Kuhnian account of scientific
change provides us with greater resources to account for the range of
changes in science than Bird claims. Kuhn’s account of the developmen-
tal cycle of scientific change explicitly recognizes at least two additional
types of changes, what, in the language of Structure, would be called par-
adigm-creating changes and pre-paradigm discoveries. Strictly speaking,
these should be called “theory-creating” discoveries and “pre-theoretic”
discoveries, for in his later writing Kuhn distinguishes between theories
and paradigms.

In chapter 3, we will see that the London conference in the 1960s played
a crucial role in causing Kuhn to rethink the relationship between para-
digms and theories. At that conference Masterman (1970/1972) insisted
that sometimes in the stage that Kuhn had initially described as pre-par-
adigm, that is, before there is a widely accepted #heory, those working
in a research area often have a paradigm, that is, a concrete exemplar, to
guide them in research. In fact, Masterman suggests that sometimes the
various competing schools each have their own paradigm or exemplar,
even though they may lack a theory (see 73—74). In Kuhn’s response to
his critics at the London conference, he acknowledges that Masterman is
correct about this (see Kuhn 1970b/2000, 167—68). And after the London
conference Kuhn came to realize that it is inappropriate to refer to the
phase of research in a nascent field as the pre-paradigm phase. The early
researchers in a field often have paradigms or exemplars to guide them in
research. What they lack is an agreed-upon theory or lexicon. They do not
yet divide the things in the world the same way (see Kuhn 1970b/2000,
168—69n. §8). The need to change the name of that phase of scientific
research became even more pressing when Kuhn came to characterize
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theory changes as involving taxonomic or lexical changes, rather than
paradigm changes.

Kuhn thus recognizes a class of scientific discoveries that occur during
the pre-theory stage of a field, that is, the time before a field has devel-
oped its first theory. The sorts of discoveries made at this time are instances
of neither revolutionary science nor normal science. Such discoveries nei-
ther involve the application of concepts from a widely accepted taxonomy
or lexicon, as in normal science, nor aim to replace a widely accepted tax-
onomy or lexicon, as in revolutionary science. Kuhn discusses this class
of scientific discoveries in his analysis of the various discoveries made by
those who studied electrical phenomena before a research community
was formed, that is, before a single lexicon was widely accepted (see Kuhn
19622/1996, 13-14). Different groups of scientists interested in electrical phe-
nomena worked with different sets of concepts. There was no scientific lexi-
con accepted by all those studying electrical phenomena. During this phase
of the nascent field a wide range of research practices, instruments, and
standards was employed. Still, some discoveries were made despite the lack
of a common lexicon accepted by all those studying electrical phenomena.
It is the accumulation of a number of apparently disparate discoveries that
ultimately leads to the creation of a unifying theory, one that can find order
in the various phenomena, or at least a substantial sub-set of them.

Kuhn also recognizes a class of changes that are aptly called theory-
creating changes. A discovery that leads to the creation of the first the-
ory in a field is also neither a revolutionary change nor a normal change.
Bird’s example of the discovery of DNA seems to fit this description. The
discovery of x-rays also fits this description. Unlike the taxonomic change
that occurred when Descartes’ mechanistic physical theory replaced the
late Renaissance Aristotelian physical theory, the discoveries of x-rays and
DNA did not involve the replacement of one theory by another. Rather,
in these two cases a new theory was created that led to the creation of a
new scientific specialty. Hence, the critics are mistaken. Kuhn provides
us with ample resources to account for the variety of discoveries made
in science. I will discuss specialty-creating discoveries, like the discovery
of x-rays, in greater depth in chapter 7. Kuhn’s remarks in the last fifteen
years of his life on this particular class of changes in science are quite
insightful and significantly advance our understanding of both special-
ization in science and scientific change.

In summary, I have shown that Kuhn provides us with a principled
way to distinguish revolutionary from non-revolutionary scientific
changes. Scientific revolutions are those changes in science, precipitated
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by disappointment with existing practices, involving the replacement of
one lexicon by another, that cannot be resolved by appealing to shared
standards. I have argued that these are an important class of changes in
science. They have certain features that make them especially interesting
to philosophers concerned with the epistemology of science. In particular,
the choice between competing theories must be made without the aid of

shared standards, something that is taken for granted during periods of
normal science.



CHAPTER 2

The Copernican revolution revisited

Are there any scientific revolutions? Such a question has been raised by
some of Kuhn’s critics. Larry Laudan (1984), for example, argues that
no changes in science are aptly described as revolutionary. Laudan claims
that given Kuhn’s holistic account of paradigms a revolutionary change
involves simultaneous changes in methods, goals, and theories. But,
according to Laudan, Kuhn’s holism “leads to expectations that are con-
founded by the historical record” (84). Laudan argues that all changes
in science are continuous enough with the traditions preceding them to
make calling any of them “revolutions” inappropriate. The only reason
one would be led to believe otherwise, he claims, is if one fails to look at
the process of change in sufficient detail. This same criticism, which chal-
lenges the very existence of revolutions in science, was also raised earlier
by Stephen Toulmin. Writing in the 1960s, Toulmin claims that “students
of political history have now outgrown any naive reliance on the idea of
‘revolutions’ (1970/1972, 47). Similarly, he argues, “the idea of ‘scientific
revolution’ will have to follow that of ‘political revolutions’ out of the cat-
egory of explanatory concepts” (47).!

My aim in this chapter is to address this criticism. I aim to show that
there really are Kuhnian revolutions in science. In an effort to argue my
case, I will show how the concept of a Kuhnian revolution provides insight
into the change that occurred in early modern astronomy, a change that
has come to be called “the Copernican revolution.” In addition to showing
that there are in fact scientific revolutions, I will demonstrate the value of
the concept “scientific revolution,” and the aptness of Kuhn’s comparison
of theory change to radical political changes. This case study is also import-
ant because this particular historical episode was important to Kuhn’s

! It is worth noting that Toulmin does not cite a single source from contemporary political history
. « S . L
suggesting that the concept “revolution” has become obsolete or dispensable. Though there is still
much debate about the nature of political revolutions, contrary to what Toulmin claims, the con-
cept continues to play a key role in history and the social sciences.

34



Challenges to the Copernican revolution 35

own thinking about scientific change. Five years before the publication
of Structure Kuhn published a book-length treatment of the Copernican
revolution in astronomy. This book was published without the bene-
fit of the detailed account of theory change Kuhn presents in Structure.
Consequently, Kuhn’s pre-Structure study of the Copernican revolution is
rather unKuhnian in some respects.” Further, given that Kuhn revised his
understanding of scientific revolutions, it is important to determine the
extent to which this episode fits Kuhn’s developed account of revolution-
ary change, the account articulated in the previous chapter.

CHALLENGES TO THE COPERNICAN REVOLUTION

A number of historians and philosophers of science question whether there
was in fact a Copernican revolution in astronomy. Some have raised ques-
tions about what sorts of changes the revolution in astronomy involved.
Though some suggest it involved a change in theory, others suggest that
it involved a change in practice. And others focus on the introduction
of new instruments. Further, some have questioned whether Copernicus
is rightly regarded as the astronomer responsible for the revolutionary
change, whatever the change is that is rightly identified as the revolution
in early modern astronomy.

I. B. Cohen (1985), for example, suggests that if there was a revolu-
tion in sixteenth-century astronomy it involved the changes in practice
introduced by Tycho Brahe. Brahe, after all, introduced a number of
important practices into observational astronomy. He collected obser-
vations over many nights, averaging over eighty nights of observation
each year. Brahe also employed teams of observers who could check each
others’ results. And he had enormous and precise instruments made in
order to ensure that he was able to achieve a degree of accuracy hitherto
unattained. As far as Cohen is concerned, the sixteenth century witnessed
no change in theory. And, compared to Brahe, Copernicus looks like an
amateur. In fact, Copernicus included only about thirty of his own obser-
vations in his great contribution to astronomy.

Olaf Pedersen (1980) holds a similar view, noting in addition that
Copernicus “adhered more strictly than Ptolemy to the principle of uni-
form, circular motion as the only admissible mathematical tool for the

> Peter Barker (2001b) argues that Kuhn’s treatment of the Copernican revolution “in 7he Structure
of Scientific Revolutions ... is uneven and not well integrated with the main theses of the book”
(241).
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theoretical astronomer” (694). Indeed, Copernicus’ research was moti-
vated, in part, by the desire to construct models of the planets’ motions
that did not employ equant circles, devices that were introduced by
Ptolemy that clearly violated the principle of uniform circular motion.
Similarly, Michael Heidelberger (1976/1980) suggests that “with the emer-
gence of Copernicus’ theory, no paradigm-shift occurs but rather a coalescing
of two traditional paradigms” (277). Hence, as far as Heidelberger is con-
cerned, the change that occurred is not aptly described as an instance of
theory replacement. Rather, he describes Copernicus as “a faithful adher-
ent to the tradition,” that is, the Prolemaic tradition (279). Peter Barker
(2001b) holds a similar view, seeing more similarities between Copernicus
and Prolemy than between Copernicus and Kepler (260, 269, 271—72n.
13). Similarly, Andersen ez al. argue that “Copernicus’ work can be seen
as a minor variation on the conceptual structure in astronomy established
by Claudius Ptolemy” (2006, 4-s5).

Angus Armitage (1957/2004) also suggests that “it is possible to regard
Copernicus as the last of the ancient astronomers rather than the first
of the modern ones” (176). Kepler, he argues, is the true revolutionary.
Andersen et al. (2006) also claim that Kepler was the real revolution-
ary, for he introduced a new type of concept into astronomy, an “event”
concept rather than a “object” concept (see also Barker 2002 and 2001b).
Indeed, Barker argues that a number of the innovations in early mod-
ern astronomy that are commonly attributed to Copernicus are actually
Kepler’s contributions (see Barker 2002, 208-09).

Some who have regarded Kepler as the rea/ revolutionary in early mod-
ern astronomy appeal to the fact that Copernicus was a timid sort of per-
son, as evidenced by his reluctance to publish. He was thus not fit to be a
revolutionary scientist. This interpretation, based on Copernicus’ charac-
ter or psyche, is central to Arthur Koestler’s (1959) account of the history
of early modern astronomy, and has been uncritically repeated by others
in at least one popular textbook (see, for example, McClellan and Dorn
1999, 208—14).

When Kuhn wrote 7he Copernican Revolution he was aware of some
of these criticisms and concerns. Noting that “Copernicus is frequently
called the first modern astronomer,” Kuhn acknowledges that “an equally

3 Robert Westman (1994) raises additional concerns with Kuhn’s treatment of the Copernican
revolution. He suggests that Kuhn has a presentist “view of scientific disciplinarity” (88). This
is evident from the fact that Kuhn largely neglects astrology in his narrative and analysis (see
Westman 1994, 89). Although astrology is irrelevant to contemporary astronomy, Westman
insists that astrology was intimately linked with astronomy in the early modern period.
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persuasive case might be made for calling him the last great Ptolemaic
astronomer” (1957, 181). Further, like Barker, Kuhn recognized that many
of the contributions that we associate with the Copernican revolution,
including “easy and accurate computations of planetary position, the abo-
lition of epicycles and eccentrics, the dissolution of spheres ... [and] the
infinite expansion of the universe ... are not to be found anywhere in
Copernicus’ work” (135). But it is worth remembering that when Kuhn
wrote The Copernican Revolution, he thought of scientific revolutions nei-
ther as lexical changes nor paradigm changes. Rather, he seemed then to
identify the revolutionary status of Copernicus’ book with the fact that it
presented the next generation of astronomers with new problems (183).

RE-EXAMINING THE REVOLUTIONARY STATUS
OF THE COPERNICAN REVOLUTIONARY

In this section we will see that the changes that took place in astronomy
in the sixteenth and seventeenth centuries can be explained by Kuhn’s
developed account of theory change. A revolutionary change did occur
in astronomy. It was initiated by Copernicus. And Kepler, Galileo, and
others played a key role in bringing the research community around to
accepting the new theory.

As stated in chapter 1, a revolutionary change involves a significant
taxonomic or lexical change in a research community, where there is dis-
satisfaction with the accepted theory and the conflict cannot be resolved
by appeal to shared standards. Hence, the locus of scientific revolutions
is the research community, not the individual scientist. Some scientists,
though, do play a special role in the process of theory change that war-
rants calling them revolutionaries.

I will argue that Copernicus should be seen as responsible for initiar-
ing the scientific revolution that bears his name. But Copernicus should
not be seen as bringing about the revolution in early modern astronomy
on his own. This is because the revolution took some time, at least sev-
enty years. Armitage, Andersen ez al., and Barker are right to give some
credit to Kepler. In fact, both Kepler and Galileo should be seen as play-
ing a key role in leading the research community to accepting the new
theory. Hence, individual scientists should be described as revolution-
ary if either (1) they are the first to propose lexical changes that violate
the no-overlap principle that are ultimately accepted in their field, or
(2) they play a key role in bringing the research community around to
accepting the new theory. With respect to the changes in early mod-
ern astronomy, Copernicus counts as a revolutionary scientist for the
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first reason, whereas Galileo and Kepler count as revolutionaries for the
second reason.

The changes that took place in astronomy in the sixteenth and seven-
teenth centuries satisfy all three of the criteria for revolutionary change as
identified above. Copernicus’ theory of planetary motion involved a sig-
nificant taxonomic or lexical change, a hallmark of a scientific revolution.
In particular, the meaning of key terms in astronomy was altered, most
notably “planet.” To repeat what was noted eatlier, whereas Ptolemaic
astronomers regarded “planets” as wandering stars and did not count the
Earth as a planet, Copernicans grouped the Earth with Mercury, Venus,
Mars, Jupiter, and Saturn, and conceived of planets as celestial bodies
that orbit the Sun. Copernicus also introduced a new #ype of entity into
astronomy, satellites of planets, though he did not use the term “satel-
lite.” Rather, it was Kepler who introduced the ferm “satellite.” What is
important, though, is that the concepr of a satellite, that is, a celestial body
orbiting another celestial body, is an integral part of Copernicus’ theory.
According to Copernicus’ theory the Moon orbits the Earth as the Earth
orbits the Sun. In Prolemy’s theory, no celestial body orbits another body
that simultaneously orbits a third body. Hence, the changes that occurred
in astronomy in the sixteenth and seventeenth centuries involved signifi-
cant lexical changes. And such changes could not be made by simply
extending the then widely accepted Prolemaic lexicon. This means that
the change in astronomy involved more than a change in practices or a
coalescing of two traditional paradigms, as Heidelberger claims.

Figures 1 and 2, showing the Ptolemaic and Copernican taxonomies
of celestial bodies, illustrate the magnitude of the changes wrought by
Copernicus.

Most noteworthy are the following three changes:

o Copernicus subsumed the Earth under the category of celestial bodies,
in particular, under the sub-category planet. Hence, the Earth was no
longer a unique body.

o Copernicus introduced a new kind of entity, a satellite, that is, a body
that orbits another orbiting body. Although initially the Moon was the
only such body, Galileo’s telescopic observations in the first decades of
the seventeenth century would reveal additional satellites, the so-called
“Medicean stars” that orbit Jupiter.

o The number of planets was reduced by one. Two bodies that were pre-
viously regarded as planets, the Sun and the Moon, were reclassified as
a star and a satellite, respectively. And one body, the Earth, which was
not regarded as a planet, was now regarded as a planet.
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CELESTIAL
BODY
1 | 1
STAR METEOR PLANET
1 | | | | 1
SATURN JUPITER MARS SUN VENUS MERCURY MOON

* Note: The Earth is not a celestial body according to the Ptolemaic theory.

Figure 1 The Ptolemaic taxonomy of celestial bodies’

CELESTIAL
BODY
1 | | 1
STAR ||SATELLITE [|METEOR PLANET
1 | | | | 1
SUN MOON SATURN | [JUPITER MARS EARTH VENUS | [MERCURY

Figure 2 The Copernican taxonomy of celestial bodies

Some who have disputed the existence of Kuhnian revolutions believe
that there are always shared standards rich enough to resolve disputes in
science. A careful look at the changes in early modern astronomy, though,
will show that the shared standards were not rich enough to resolve the
dispute in a straightforward and unequivocal manner.

It is easy to understand why some might be led to think that early mod-
ern astronomers did agree on standards. No matter what their theoretical
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allegiances were, early modern astronomers agreed that an acceptable the-
ory should allow us to make accurate predictions of the locations of stars
and planets, as well as the dates of eclipses. Because accuracy in predic-
tions can be quantified, it may seem that early modern astronomers did
in fact accept a common standard.

If the dispute in astronomy could have been resolved by appeal to
quantitative measures alone, then the comparison with political revolu-
tions would be inappropriate. But as a matter of fact, the quantitative
standards were insufficient for resolving the dispute. This is because the
competing theories were equally strong from a quantitative point of view.
The two theories were equally prone to error with respect to predicting
the locations of the Moon and the planets, and the margins of error of
the two theories were also comparable. Owen Gingerich explains that
“in the Regiomontanus and Stoeffler ephemeredes [which were based on
Ptolemy’s theory] the error in longitude for Mars is sometimes as large as
5°. However, in 1625, the Copernican errors for Mars reached nearly 5°”
(1975, 86). And the ranges of errors for both theories were even greater
with respect to their abilities to predict the location of Mercury (Gingerich
1971). Further, according to Victor Thoren (1967), “the Ptolemaic and
Copernican theories frequently differed by over %4° in predicting the lon-
gitude of the moon, and it was common knowledge that the moon was
rarely to be found in the place assigned to it by either theory” (21). Thus,
the shared quantitative standards underdetermined theory choice (see
also Heidelberger 1976/1980, 274).

Even though the theories were roughly comparable from a quantitative
point of view, the reaction of astronomers to Copernicus’ work varied.
Some astronomers wholly rejected his theory. Others, like the Wittenberg
school, were somewhat ambivalent. According to Robert Westman (1975)
and Barker (2001b), the astronomers at the university in Wittenberg were
quick to employ Copernicus’ methods even though they rejected his innov-
ation in cosmology (see Barker 2001b, 260). Westman (1975) claims that
“the principal tenet of the Wittenberg interpretation was that the new
theory could only be trusted within the domain where it made predictions
about the angular position of a planet” (166). Further, Westman notes
that for the Wittenberg astronomers “the least satisfactory Copernican
claim was the assertion that the earth moved and that it moved with more

+ Gingerich (1973) provides graphs comparing the accuracy of both the Copernican and the
Ptolemaic theories with respect to their predictions for the locations of Mercury, Venus, the Sun,
Mars, Jupiter, and Saturn over a number of years (54).
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than one motion” (167). But, significantly, not all astronomers adopted
the Wittenberg interpretation or suspended their judgment to await the
arrival of further quantitative data. Some saw promise in the new theory.

The fact that some astronomers were persuaded to accept the
Copernican theory, while others remained loyal to the Ptolemaic the-
ory, strongly suggests that qualitative considerations had a significant
impact in resolving the dispute. Qualitatively, the theories differed sig-
nificantly. Each theory could address different problems, and neither the-
ory addressed all problems. Copernicans could explain why Venus and
Mercury do not depart far from the Sun, and later, when the telescope
was employed in astronomy, why Venus exhibits the same range of phases
as the Moon. Heidelberger (1976/1980) notes a number of other significant
differences between the Ptolemaic and Copernican theories that speak in
favor of the Copernican. With the Copernican theory,

one can ... explain why the retrograde motion appears greater, the closer the
planet is to the earth, and why this is true for the outer planets only when they
are in opposition and for the inner planets only when they are in lower conjunc-
tion ... [and] why exterior planets seem brightest in opposition. (275)

Heidelberger also notes that the Copernican theory can “account for the
peculiar way in which the sun governs the planets in the Ptolemaic sys-
tem” (1976/1980, 275; see also Hoskin 1997, 47). All of these phenomena
are to be expected, if, as Copernicus claimed, the Earth and the other
planets orbit the Sun. These qualitative differences would incline some
astronomers to accept the Copernican theory even though it was no more
accurate than the Prolemaic theory, and even though it seemed to conflict
with the accepted Aristotelian terrestrial physics.

Ptolemaic astronomers, on the other hand, had a theory that fit better
with a literal interpretation of the Scriptures. Moreover, the Ptolemaic
theory fit better with the then accepted terrestrial physics, a version of
Aristotle’s physical theory. Ptolemaic astronomers were also able to
cite the fact that stellar parallax could not be detected, a phenomenon
that seemed to be implied by Copernicus’ theory, but not by their own
theory.

Early modern astronomers disagreed about the standards by which a
theory should be judged. This is a consequence of the fact that they did
not agree about what problems an acceptable theory should address.
Early advocates of the Copernican theory regarded the strengths of
the Copernican theory as more significant than the strengths of
the Prolemaic theory. In contrast, those who remained loyal to the
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Ptolemaic theory regarded the strengths of that theory as more signifi-
cant than the strengths of the Copernican theory. Further, there was
no agreed way to order and weigh the considerations in favor of each
theory (see Kuhn 1977¢, 322—25). Hence, the dispute in early modern
astronomy was resolved, to a large extent, without the aid of shared
standards.

Given the protracted nature of the lexical change that occurred in early
modern astronomy, some critics find it odd to call the event a “revolu-
tion.” As we saw earlier, McMullin suggests that the Copernican revolu-
tion took 150 years to run its course. Betty Jo Teeter Dobbs (2000) also
expresses concern about the fact that many alleged scientific revolutions,
the Copernican revolution and #be Scientific Revolution in particular, are
such long-drawn-out affairs (31). Clearly, she claims, events extending
over such a long period of time hardly deserve to be called revolutions.
Cohen (1985) also raises this concern. Cohen regards revolutions as essen-
tially abrupt and significant changes.

But there is no reason to believe that revolutions need be abrupt
events. Richard Westfall (2000) claims that the key similarity between
significant scientific changes and political revolutions that warrants
treating the former as “revolutions” is the thoroughness of the changes,
rather than the brevity of the events (44). Kuhn would certainly agree.
Further, it is worth noting that even political revolutions are not neces-
sarily abrupt. Perez Zagorin, for example, claims that “in 1850, Alexis
de Tocqueville [noted that] ... ‘for sixty years we have been deceiving
ourselves by imagining that we saw the end of the [French] Revolution’”
(Zagorin 1973, 24). Given Kuhn’s developed account of scientific revo-
lutions, the length of time that it takes for a research community to
change its theory is not a salient feature. More relevant is the nature of
the change, and the way it is resolved. Even in Structure Kuhn explicitly
claimed that revolutions can take a generation to run their course (see
Kuhn 1962a/1996, 166).

Critics who emphasize the fact that the change in theory in early mod-
ern astronomy was drawn out seem to assume that if the individuals
involved experience the change as continuous with the preceding trad-
ition, then there is little basis for calling the event a revolution. Indeed,
Laudan’s (1984) reticulated or gradualist model of scientific change is
intended to show how alleged revolutions in science are actually consti-
tuted by a series of non-revolutionary changes. Kuhn’s mistake, Laudan
suggests, is due to the fact that he fails to examine the events in enough
fine-grained detail.



Re-examining the revolutionary status of the Copernican revolutionary 43

This line of reasoning, I believe, is mistaken and betrays a fundamen-
tal misunderstanding of the nature of Kuhnian revolutions. According to
Kuhn, the locus of scientific change is the research community. That is, it is
a research community that undergoes a revolutionary change, not an indi-
vidual scientist. Kuhn claims that a revolution involves “a certain sort of
reconstruction of group commitments” (Kuhn 1969/1996, 181). Individual
scientists can and do adopt new lexicons, but such events do not consti-
tute scientific revolutions. Brahe’s decision to abandon the Ptolemaic the-
ory for his own new theory may have required a radical shift in the way
he saw the world, but there was no revolution in astronomy until a new
lexicon came to be widely accepted in the research community.

It should now be clear that Copernicus’ modesty is also irrelevant to
his status as a scientific revolutionary. Given Kuhn’s definition of a revo-
lutionary change of theory, the character of a scientist is irrelevant to the
assessment of whether a view or theory is revolutionary. What matters is
whether the change requires a significant revision of the accepted lexi-
con or taxonomy employed in the field. Incidentally, it is worth noting
that there is evidence that many great scientists are quite modest, often
even avoiding challenging those with whom they have competing pri-
ority claims to a discovery (see Merton 1959). In this respect, a modest
demeanor is not inconsistent or at odds with being a revolutionary sci-
entist. Hence, Copernicus’ character is irrelevant to an assessment of his
contribution to astronomy.

Kuhn’s focus on the scientific research community not only directs
attention away from individual scientists, it also directs attention away
from theories, the traditional central object of concern for philosophers
of science. Theories still matter for Kuhn, but the community is more
fundamental. Kuhn’s epistemology of science is a social epistemology. We
can only hope to understand a change of theory if we examine the social
changes that make possible the replacement of an old theory by a new
one.

When we look at the change in early modern astronomy from the per-
spective of the research community, we can see the revolutionary nature
of the change. The illusion of continuity is a function of scale. Revolutions
are macro-level phenomena and appreciating the process requires a mac-
ro-level perspective. When we adopt the macro-level perspective on sci-
entific change, we see that the Copernican revolution is a quintessential
scientific revolution and that Kuhn’s political metaphor is appropriate.

Indeed, even in 7he Copernican Revolution Kuhn recognized how chal-
lenging it can be to recognize a scientific revolution, even for those living



44 The Copernican revolution revisited

in the midst of one. Kuhn compared Copernicus’ contribution to a bend
in the road. The bend looks continuous with both the part of the road
that precedes it and the part of the road that follows it. But, on either side
of the bend, it is clear that the road has gone in a new direction (see Kuhn

1957, 182).

WAS THERE REALLY A CRISIS IN EARLY
MODERN ASTRONOMY?

This brings us to a final consideration that critics cite in their efforts to
show that the change in early modern astronomy was not a Kuhnian
revolution. It is often noted that when Copernicus developed his theory,
astronomy was 7ot in a state of crisis (see Heidelberger 1976/1980, 275). If
this is true, then one of the necessary conditions for a Kuhnian revolution
is not met.

An examination of Copernicus’ own work gives us some indication of
the state of astronomy during his lifetime. In the Preface to his De revolu-
tionibus, Copernicus explains that:

[I]n setting up the solar and lunar movements and those of the other five wan-
dering stars, [mathematicians] do not employ the same principles, assump-
tions, or demonstrations for the revolutions and apparent movements ... Some
make use of homocentric circles only, others of eccentric circles and epicycles.

(1543/1995, 5)

Thus, as Copernicus correctly notes, there was no consensus among his
contemporaries. Moreover, Copernicus was not alone in his assessment
of the situation. Kuhn notes that Domenico da Novara, an astronomer
working in the later years of the fifteenth century, “held that no system so
cumbersome and inaccurate as the Prolemaic ... could possibly be true of
nature” (see Kuhn 1962a/1996, 69).

That there was dissension and significant disagreements among early
modern astronomers in Copernicus’ time is further supported by the fol-
lowing consideration. “From the time of Copernicus’ education through-
out the remainder of the sixteenth century,” there were two competing
research programs in astronomy (Barker 1999, 345). One research program
was rooted in natural philosophy and privileged Aristotle over Ptolemy.
The other research program was rooted in mathematical astronomy and
privileged Ptolemy over Aristotle (see Barker 2002, 210). Neither research
program, though, was fully satisfactory. In fact, the weakness of each was
the strength of the other. The Averroist natural philosophers privileged
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Aristotle. They invoked homocentric circles in their models. But they
failed to develop astronomical models “that met contemporary standards
of positional calculations” (Barker 1999, 345). The Ptolemaic astronomers,
on the other hand, valued accuracy, and they employed epicycles in their
models. But they failed to develop “a narural philosophy that met contem-
porary standards for physical reasoning about celestial motions” (Barker
1999, 345; emphasis added). The epicycles in the Ptolemaic models were
widely regarded as physically impossible.

In 1543, when Copernicus published De revolutionibus, there was not
yet a crisis in astronomy. But nor were astronomers fully content with
the accepted theory. And once the Copernican research program gained
adherents, discontent grew among astronomers. Astronomers became
aware of the fact that Copernicus’ theory could answer questions that the
Ptolemaic theory could not. For example, as noted above, Copernicus’
theory provides an explanation for why Venus and Mercury do not stray
far from the Sun (see Copernicus 1543/1995, 19—21). On the Copernican
model, the orbits of Venus and Mercury lie between the orbit of the Earth
and the Sun. Hence, viewed from the Earth they cannot stray far from
the Sun. Ptolemaic astronomers were aware of the facts. They knew the
maximum angles of elongation of the orbits of Venus and Mercury. They
even had a solution to the problem, but their solution to the problem was
ad hoc. They merely stipulated that the center of the epicycles of both
Venus and Mercury always remain on a straight line running from the
Sun to the Earth (see Hoskin 1997, 47). Indeed, this stipulation solves the
problem, ensuring that the theory agreed reasonably well with appear-
ances, but once astronomers began to compare the Ptolemaic solution
with the Copernican solution, the Ptolemaic solution struck a number of
astronomers as inadequate. Thus, Copernicus’ proposal sowed the seeds
of discontent for a number of astronomers raised in the Prolemaic trad-
ition. That is, not only was Copernicus’ theory born in an environment
of disagreement, it also gave rise to further disagreements. Moreover, the
discontent among astronomers increased over time. In the second decade
of the seventeenth century, after Galileo announced his discovery that
Venus exhibits phases like the Moon, even more astronomers became dis-
satisfied with the Ptolemaic theory.

The Ptolemaic method of accounting for the constrained orbits of
Mercury and Venus was not the only ad hoc feature of the Ptolemaic the-
ory that attracted the attention of astronomers after Copernicus published
his theory. In the mathematical models of the Ptolemaic theory, the line
between a superior planet — that is, Saturn, Jupiter, and Mars — and the
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center of its epicycle was always parallel to the line between the Earth and
the Sun (see Hoskin 1997, 47). There was no physical explanation for why
this should be so. Copernicus’ theory provided a natural explanation for
this coincidence, for on his theory the planets orbit the sun. Consequently,
their motion, as observed from the Earth, is tied to the motion of the Sun.
Again, this natural explanation provided by Copernicus’ theory further
eroded the confidence of some adherents of the Ptolemaic theory. Such
subtleties probably escaped the attention of many early modern astron-
omers, but some did take notice of these considerations.

It is worth highlighting some of the similarities between the situation
in early modern astronomy and the dynamics of political revolutions.
Political revolutions do not occur at the first expression of an alternative
incommensurable political ideal. Hence, the mere expression of an alter-
native view should not be identified as a political revolution. In fact, there
may not even be widespread discontent when an alternative political ideal
is presented. For a political revolution to occur, the alternative view needs
to gain adherents. Similarly, a revolution did not occur in astronomy just
because Copernicus proposed an alternative theory. His theory, though,
did begin to breed discontent among astronomers which then led others
to develop the new theory in ways that increased the discontent. In fact,
the revolution was not complete until a much-altered Copernican the-
ory replaced the Ptolemaic taxonomy. Hence, Barker (2000, 2001b) and
Andersen ez al. (2006) are correct that Kepler played a key role in what
we now call the Copernican revolution in astronomy. Copernicus’ radical
new scientific lexicon may not have caught on, at least not as soon as it
did, if Kepler had not made his significant refinements and modifications
to the Copernican theory. Galileo’s many contributions were also indis-
pensable. Armed with the newly invented telescope, Galileo made a var-
iety of discoveries that both challenged the assumptions of the Ptolemaic
theory and supported Copernicus’ theory. In addition, Galileo’s work in
physics and hydrostatics helped further erode the grip Aristotle had on
the minds of seventeenth-century astronomers and scientists.

Barker (2001b) makes the important point that the discipline of astron-
omy itself, and its relationship to neighboring fields, like cosmology, was
in flux in this period. Indeed, part of what needed to be determined was
what the appropriate relationship was between these different scientific
fields.

Brahe also made significant contributions to the revolution in early
modern astronomy, as both Cohen (1985) and Pedersen (1980) rightly
note. Most importantly, Brahe collected observations over many nights,
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a practice that was made possible by the fact that he employed a team of
assistants (see Barker 2000, 214). Brahe even had two groups of assistants
collecting observations of the same body at the same time from different
locations in order to ensure that his observations were accurate and reli-
able (see Dreyer 1963). These new practices and the resulting data played
an indispensable role in bringing the Copernican revolution in astronomy
to a close. After all, they supplied the data that led to Kepler’s discovery of
his first two laws of planetary motion. Still, the innovative practices that
Brahe introduced into astronomy do not warrant being called a scien-
tific revolution, at least not in Kuhn’s sense, for Brahe’s practices did not
require a new taxonomy or lexicon.

If the concept “scientific revolution” is to be useful in advancing our
understanding of science and scientific change, we need to use it in a pre-
cise way. And, given the precise sense Kuhn gives to the term in his later
writings, Brahe’s innovations are not revolutionary. But, with that said,
it is worth reminding ourselves that “non-revolutionary” does not mean
insignificant. Even changes in instrumentation, techniques, and practices
can be significant. Hence, we need not and ought not treat all significant
changes in science as revolutionary changes.

In summary, in examining the nature of the changes that occurred in
early modern astronomy I have sought to show that the changes ushered
in by Copernicus and his followers constitute an instance of a Kuhnian
revolution. Thus, there is reason to believe that the concept will be a use-
ful one for illuminating the changes that occur in other episodes of the-
ory change.

Some critics rightly note that there would not have been a revolution
in early modern astronomy if it had not been for the contributions of
Kepler and others. But, equally so, there would not have been a revolu-
tion without the radical new scientific lexicon developed in the sixteenth
century by Copernicus. Dying so shortly after his book was published,
Copernicus was in no position to bring the revolution to a close. That
task was left to the likes of Galileo and Kepler, who needed to develop the
theory and collect additional data before the revolution could be brought
to a close and a victory claimed for the Copernicans.



CHAPTER 3

Kubn and the discovery of paradigms

In the previous two chapters, I both explained and offered a defense of
Kuhn’s developed account of theory change. According to Kuhn’s devel-
oped account, revolutionary theory changes are no longer characterized as
paradigm changes. In light of Kuhn’s mature account of theory change,
it is worth examining his mature view of paradigms. To do this, it will be
worth examining how he came to discover the notion of a paradigm in
the first place.

Kuhn tells two different stories about his discovery of the concept
“paradigm.” In the Preface to Structure Kuhn claims to have discovered
the notion of a paradigm while working at the Center for Advanced
Studies in the Behavioral Sciences at Stanford in 1958/59. Interacting
with many social scientists, Kuhn was struck by the differences between
the natural sciences and the social sciences. In the former, there is broad
agreement about the fundamentals of the field, whereas in the latter
there is often significant disagreement about fundamentals. Kuhn claims
that “attempting to discover the source of that difference led [him] to
recognize the role in scientific research of what [he has] since called
‘paradigms’” (1962a/1996, x). Paradigms, as he explains, are “the univer-
sally recognized scientific achievements that ... provide model problems
and solutions to a community of practitioners” (x). Paradigms, Kuhn
claims, are a standard feature of the natural sciences, but not of the
social sciences.

By 1974, in “Second Thoughts on Paradigms,” Kuhn was telling a dif-
ferent story. He explains there that:

[Tlhe term “paradigm” ... entered 7he Structure of Scientific Revolutions because
[he] ... could not, when examining the membership of a scientific community,
retrieve enough shared rules to account for the group’s unproblematic conduct
of research. Shared examples of successful practice [that is, paradigms] could ...
provide what the group lacked in rules. (1974/1977, 318)

48
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By 1974, concern for understanding the differences between the natural
sciences and the social sciences drops out of Kuhn’s story of discovery.
Instead, he claims to have invoked the notion of a paradigm to account
for the consensus necessary among scientists in a specialty in order for
them to pursue their research goals effectively. Kuhn seems to have set-
tled on this latter story about the origins of the concept “paradigm” for he
repeats it again in an interview in 1995 (see Kuhn 2000b, 296).

Significantly, and not surprisingly, given that Kuhn himself tells two
different stories of his discovery, there is not much agreement among
scholars about Kuhn’s discovery of paradigms. Paul Hoyningen-Huene
offers an account of Kuhn’s discovery, but fails to mention the first story
that Kuhn tells about his discovery (see Hoyningen-Huene 1989/1993,
section 4.1, 132—40). Alexander Bird (2000) claims that “initially Kuhn
employed the exemplar idea primarily in two roles, in explaining cer-
tain features of perception and in explaining scientific change” (95-96).
Sharrock and Read (2002) claim Kuhn invokes the notion of a paradigm
in order to contrast early and later stages of development in a scientific
field. Sharrock and Read, though, also recognize that Kuhn invokes the
notion of a paradigm in order to explain the differences between the nat-
ural and the social sciences (34).

The fact that Kuhn tells two different stories about the origins of the
concept gives us reason to believe that he may be mistaken about his dis-
covery. In this chapter, I aim to offer a different history of Kuhn’s dis-
covery of paradigms, one that takes account of the complexity of the
discovery process. My analysis of Kuhn’s discovery of paradigms draws
on Kuhn’s own account of the discovery process in science. According
to Kuhn, scientific discoveries are complex, often convoluted events
(Kuhn 19622/1996, 52—56). Kuhn’s analysis of the discovery of oxygen, for
example, illustrates how difficult it is to identify the date at which oxygen
was discovered. The discovery of oxygen, he suggests, was a complex pro-
cess that unfolded over a period of years (see also Kuhn 1962b/1977).

I aim to show that Kuhn’s discovery of paradigms was a complex pro-
cess of a similar sort. For the sake of clarity, I divide Kuhn’s discovery
into four phases: (1) pre-Kuhnian uses of the concept; (2) Kuhn’s wide-
ranging and imprecise use of the concept in Structure; (3) his settling on
the concept of the paradigm as exemplar in response to early criticism;

* The view that scientific discovery is a complex process has been developed further by Augustine
Brannigan (1981).
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and (4) the mopping-up process that followed in light of his settling on
the narrow use of the term.”

PHASE I: PARADIGMS BEFORE STRUCTURE

Kuhn is so much identified with the notion of a paradigm one might be
led to believe that he was the first to use the term in the context of sci-
ence. But this is not so. Daniel Cedarbaum (1983) has traced the first use
of the term “paradigm” in discussions of science to the late eighteenth
century (see Cedarbaum 1983, 181). A German scientist, Georg Christoph
Lichtenberg, distinguished in his day, uses the term, and apparently in
a way not unlike Kuhn. Cedarbaum suggests that Wittgenstein’s use of
the term may have been influenced by his reading of Lichtenberg’s work,
and, in turn, Kuhn’s reading of Wittgenstein may have had an impact
on Kuhn’s use of the term (1983, 187). It is interesting to note that Hans
Reichenbach (1938/2006) cites Lichtenberg in Experience and Prediction,
though not his references to paradigms. We know that Kuhn read
Experience and Prediction for it is from a reference in it that he was led to
Fleck’s (1935/1979) Genesis and Development of a Scientific Fact (see Kuhn
1979a, viii). Paul Hoyningen-Huene and Stefano Gattei also discuss some
of the early uses of “paradigm,” noting pre-Kuhnian uses in the work
of Neurath, Schlick, and Cassirer (see Hoyningen-Huene 1989/1993, 132—
33n. 7; Gattei 2008, 19n. 65). But, as we will see shortly, Kuhn’s discovery
of the concept of paradigm was probably a consequence of other factors
as well.

Even before Kuhn latched on to the concept of paradigm, others in
his intellectual circle were using the zerm “paradigm.” For example, in
1949, the Harvard psychologists Bruner and Postman used the term in a
paper titled “On the Perception of Incongruity: A Paradigm.” It was in
this paper that Kuhn encountered the example of the anomalous playing
cards. This is the experiment where subjects are briefly shown anomal-
ous playing cards, like a red king of spades, or a black ten of hearss, and
asked to identify what they saw. The experimental subjects initially clas-
sified these anomalies according to their expectations, which are a result
of their familiarity with a typical deck of cards. Thus, a red king of spades

> Kuhn identifies three common characteristics of scientific discoveries: (1) they are initiated by
anomalies; (2) there is a struggle to normalize the anomalies; and (3) they lead scientists to
rethink hitherto settled knowledge (see, for example, Kuhn 1962b/1977, 172—75). Although there
is a temporal thread running through these events, the reader is forewarned that the four phases
of my analysis do not map on to Kuhn’s three characteristics of scientific discoveries.
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would be identified as a red king of hearts, for example. Only as they
were exposed to these anomalous playing cards for longer periods of time
did they begin to detect a “problem” and see the cards for what they really
were.

In their paper, Bruner and Postman (1949) conclude that “perceptual
organization is powerfully determined by expectations built upon past
commerce with the environment” (222). This is the key point Kuhn drew
from their paper when he wrote Structure. But, importantly, Kuhn thinks
this insight about the effects of expectations on perception is relevant to
developing a better understanding of the process of scientific discovery.
Kuhn claims that this experiment “provides a wonderfully simple and
cogent schema for the process of scientific discovery. In science, as in the
playing card experiment, novelty emerges only with difficulty, manifested
by resistance, against a background of expectation” (19622/1996, 64).
Scientific discoveries are often difficult, drawn-out affairs that are initially
met with resistance and disbelief, even by those who are ultimately identi-
fied as the discoverers. Scientists’ past experiences shape their expectations
in ways that can make the perception of novelty difficult.

Kuhn may have come to appreciate the fact that preconceptions can
be an impediment to change in science from working with James B.
Conant (see Conant 1950/1965, 4). This was a crucial theme explored
in the Harvard Case Histories in Experimental Science created, under
Conant’s direction, for the General Education science course at Harvard.
These were the textbooks used in Conant’s course in which Kuhn was a
teaching assistant. Indeed, Kuhn’s own Copernican Revolution grew out of
his contribution to that course.

Although Kuhn discusses Bruner and Postman’s psychological study
in some detail in Structure, he did not discuss their use of the term “para-
digm.” On careful inspection of their article, it is not surprising that he
makes no reference to their use of the term. The word “paradigm” appears
only in the subtitle and in the running head. Nowhere in the article do
they define what a paradigm is. Apparently, they assume the reader would
know what one is. Reading the introduction of their article, one gets
the sense that a paradigm might be “any large-scale statement of princi-
ples,” for they claim that is precisely what is missing in the literature on
the effects of expectations on perception (see Bruner and Postman 1949,
206).

In the early 1980s, while reflecting on the influence of his own research
on perception and cognition, Jerome Bruner claimed that Kuhn “used [the
anomalous playing card experiment] as a kind of metaphoric exemplar of
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his idea of paradigms in science in his Structure of Scientific Revolutions”
(1983, 85). Bruner is clearly mistaken about this. In Structure Kuhn draws
on the anomalous playing-card experiment in his efforts to explain the
process of discovery, in particular, the fact that discoveries in science are
often rather drawn-out affairs. The discovery process is often drawn out
because the paradigms and theories one accepts limit one’s vision, and
can even prevent one from noticing certain phenomena. Incidentally, Leo
Postman and Kuhn were not only colleagues at Harvard in the early 1950s,
they were also colleagues at Berkeley in the late 1950s and early 1960s.
Indeed, Kuhn claims to have discussed the famous anomalous playing-
card experiment with Postman (see Kuhn 1962a/1996, 64n. 13). It is inter-
esting that both were using the term “paradigm” and concerned with the
effects of expectations on perception.

In the 1940s the sociologist of science Robert K. Merton was also using
the term “paradigm.” Like Kuhn, Merton completed his graduate edu-
cation at Harvard, though Merton was working in the sociology depart-
ment, and their time at Harvard did not overlap. I have traced Merton’s
use of the term to a book review in 1941 and to two articles published
in 1945. In a review of Florian Znaniecki’s 7he Social Role of the Man of
Knowledge, a book devoted to the sociology of science, Merton refers to the
four interacting components of social systems identified by Znaniecki as
a paradigm (see Merton 1941, 112). The term, though, is neither explained
nor used again in the review. Four years later in an article, “Sociological
Theory,” Merton uses the term three times. First, in a discussion of the
role and value of conceptual clarification in sociology, he describes a par-
ticular example as serving “as a paradigm of the functional effect of con-
ceptual clarification upon research behavior: it makes clear just what the
research worker is doing when he deals with conceptualized data” (1945a,
467). In this context “paradigm” denotes a particularly clear example.

Oddly, just prior to discussing #his example, which Merton refers to
as a paradigm, he discusses another sociological study in order to illus-
trate how “our conceptual language tends to fix our perceptions and,
derivatively, our thought and behavior” (1945a, 466). The particular study
Merton discusses is Edwin Sutherland’s 1940 study of the concept of
crime. Merton explains that Sutherland “demonstrates an equivocation
implicit in criminological theories which seek to account for the fact that

3 See Kuhn 19622/1996, 64n. 13. Bruner (1983, chapter 6) provides the date of Postman’s move from
Harvard to Berkeley. Merton (1977) provides a detailed account of Kuhn’s institutional affilia-

tions from 1943 to 1975 (77—79).
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there is a much higher rate of crime, ‘as officially measured, in the lower
than in the upper social classes” (Merton 19452, 466). But, as Merton
explains, “once the concept of crime is clarified to refer to the violation
of criminal law and is thus extended to include ‘white-collar criminality’
... violations which are less often reflected in official crime statistics than
are lower-class violations — the presumptive high association between low
social status and crime may no longer obtain” (1945a, 466). Merton’s point
is that our presuppositions about crime shape what we see as a crime, as
well as what we fail to see as a crime. But in this context Merton makes
no mention of the concept of paradigm. Though the term paradigm is not
used here by Merton the idea that one’s conceptual language fixes one’s
perception and thought sounds remarkably like Kuhn’s view of the effects
that paradigms have on scientists, the same sort of effects that Bruner and
Postman claim our expectations have on our perception.

In this same article, Merton reconstructs the theoretical assumptions
of Durkheim in a “formal fashion” in order to clarify “the paradigm
of (Durkheim’s) theoretical analysis” (19452, 470). And, in a footnote,
Merton describes “the paradigm of ‘proof through prediction’ as logic-
ally fallacious” (471n. 24). Given the variety of ways Merton uses “para-
digm” and the lack of a precise definition, it is far from clear what Merton
thought a paradigm was.

Merton also uses the term “paradigm” in another paper published in
1945, “Sociology of Knowledge” (see Merton 194s5b). This paper is included
in his 1973 collection 7he Sociology of Science: Theoretical and Empirical
Investigations, but it is given a new title, “Paradigm for the Sociology of
Knowledge” (see Merton 1973). In this paper, he lists five questions for
sociologists interested in studying knowledge from a sociological point of
view. He describes the list as a “paradigm,” a “scheme of analysis” which is
intended to provide “a basis of comparability among the welter of studies
which have appeared in [the sociology of knowledge]” (1945b, 371). This
paradigm, he claims, “serves to organize the distinctive approaches and
conclusions in this field” (373).

Later, Merton would use the term “to refer to exemplars of codified
basic and often tacit assumptions, problem sets, key concepts, logic or
procedure, and selectively accumulated knowledge that guide inquiry in
all scientific fields” (Merton 2004, 267). For example, he would use the
expressions “paradigm for functional analysis in sociology” and “para-
digm for structural analysis in sociology” (see Merton 1996). Much like
Kuhn’s various uses of the term in Structure, Merton’s uses of the term
lack precision. At the end of his life, while reflecting on his own use of the
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term, Merton notes that “despite the manifest overlap with the concept
of paradigm as it emerged in the 1962 Structure ... it is quite evident that
Tom Kuhn had no idea of my usage of the term” (Merton 2004, 267).

Kuhn recalls that he first encountered Merton’s writings in 1947, when
he began working as an assistant for Conant in the General Education
science course at Harvard. But it was Merton’s thesis about the effects
of Puritan values on the development of modern science that Kuhn read
then, not Merton’s sociological work, where he employed the term “para-
digm” (see Kuhn 2000b, 287-89). Incidentally, Merton reports that while
he was still a graduate student at Harvard in the 1930s, he was invited
to a lunch with Conant at which they discussed the history of science
(see Merton 1977, 85—86). Apparently, Conant had read Merton’s paper
“Puritanism, Pietism, and Science,” and later read his dissertation.

In summary, the zerm “paradigm” was already in use before Kuhn
began using it. Moreover, some of the people who were using the term
were concerned with the same sorts of effects that Kuhn would attribute
to paradigms. Specifically, both Bruner and Postman and Merton were
concerned with how prior expectations shape perception.

Incidentally, Kuhn used the term “paradigm” even before his epiph-
any at the Center for Advanced Studies, in fact twice. First, he used it in
his 1957 book 7he Copernican Revolution. But his use of the term in that
book carries none the connotations the word would ultimately acquire in
Structure. In the earlier book, Kuhn claims that:

[S]ince students in this General Education course [from which the book evolved]
do not intend to continue the study of science, the technical facts and theories
that they learn function principally as paradigms rather than as intrinsically use-
ful bits of information. (1957, ix)

The term “paradigm” as used here can mean nothing more than a clear
example.

Kuhn also uses the term “paradigm” in his paper “The Essential
Tension” (1959/1977). In this paper he seems to use the term in a fairly
precise manner to mean exemplar. For example, he claims that science
textbooks “exhibit concrete problem solutions that the profession has
come to accept as paradigms, and they then ask the student ... to solve
for himself problems very closely related in both method and substance to
those through which the textbook ... has led him” (229). But by the time
Kuhn came to write Structure such restraint had passed.

Let me refer to this as the first phase of Kuhn’s discovery of the notion
of a paradigm. At this stage in the process, the word is being used and
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there is increasing interest in the theory-ladenness of observation. But we
still have a long way to go before we can say that Kuhn has discovered
the notion of a paradigm. At this stage, Kuhn is in a similar situation to
Priestley’s in 1774. At that time, Priestley discovered that when heated,
red precipitate of mercury produced a gaseous substance that “would sup-
port combustion” (see Kuhn 1962b/1977, 168—69). But he could hardly
claim to have discovered oxygen.

PHASE I1: THE PARADIGMS OF STRUCTURE AND
THEIR EARLY RECEPTION

By the time Kuhn finished writing Szructure, he was using the term “para-
digm” in a variety of ways (see Hoyningen-Huene 1989/1993, 131-32). The
term was used to refer to the concrete scientific achievements that guide
scientists in research. The term was also used to refer to the complex sets
of theories, goals, and standards that he later came to call “disciplinary
matrices.” And he often used the term “paradigm” interchangeably with
the term “theory” such that changes of theory were referred to as “para-
digm changes.” This was unfortunate, as Kuhn came to realize (see Kuhn
1970b/2000, 168; 1974/1977, 293 and 319; and 1991b/2000, 221).

Early on, both Dudley Shapere (1964/1980) and Margaret Masterman
(1970/1972) raised concerns about the wide range of ways the concept
“paradigm” was being used by Kuhn. Shapere argued that “the explana-
tory value of the notion of a paradigm is suspect: for the truth of the the-
sis that shared paradigms are ... the common factors guiding scientific
research appears to be guaranteed ... by the breadth of definition of the
term ‘paradigm’” (Shapere 1964/1980, 29). And Masterman (1970/1972)
identified twenty-one different uses to which Kuhn put the term
“paradigm.” She distinguished between three main notions of paradigm:
(1) a sociological notion, which she described as “a set of scientific habits”
(1970/1972, 66); (2) an artifact or construct notion of paradigm, similar
to what Kuhn would call an exemplar; and (3) a metaphysical paradigm.
Although the latter notion was the principal object of criticism in philo-
sophical discussions of Kuhn’s work, Masterman believed that it was the
least important of the three notions (Masterman 1970/1972, 65). Indeed,
she was bothered by the fact that many of Kuhn’s critics mistakenly iden-
tified a paradigm with “a basic theory” (see Masterman 1970/1972, 61).
As far as she was concerned, the sociological notion and the construct
notion are the keys to developing a richer philosophical understanding
of science. Interestingly, Masterman describes herself as a scientist. She
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worked in the computer sciences (60). Thus, her lack of interest in the-
ory is probably a consequence of the fact that she was not a philosopher
of science. While most of the others at the London conference, primarily
loyal Popperians, focused on criticizing Kuhn’s notion of normal science,
Masterman praised Kuhn for providing the conceptual resources for
explaining scientific practice, and, especially, the work of scientists who
have no theory to guide them (1970, 66).

Kuhn identifies this insight of Masterman’s as especially important
in his own understanding of paradigms. He later described hearing her
paper at the conference and thinking: “She’s got it right! ... A paradigm
is what you use when the theory isn’t there” (see Kuhn 2000b, 300; see
also 1970b/2000, 167—68). Thus, it is at this point that he began to con-
ceive of paradigms as something distinct from theories.

It is worth noting that Conant, Kuhn’s mentor, anticipated Shapere’s
and Masterman’s criticism. In a letter written to Kuhn in 1961, Conant
claims that he feared Kuhn would be remembered as “the man who
grabbed on to the word ‘paradigm’ and used it as a magic verbal wand
to explain everything!” (cited in Cedarbaum 1983, 173). Incidentally,
Merton (2004) reports that when he began using the term “paradigm” in
sociology in the 1940s, people were perplexed by his choice of terms (see
Merton 2004, 267).

We are now in the second phase of Kuhn'’s discovery. He has embraced
the word “paradigm,” consciously putting it to work in his analysis of sci-
entific discovery. But, at this point, it is far from clear what phenomenon
the term is meant to designate.

Incidentally, despite Cedarbaum’s intention to clarify what Kuhn meant
by the term “paradigm,” he seems to fall back into a broad and sloppy use
of the term. For example, in a discussion of the relations between Fleck’s
work and Kuhn’s Structure, Cedarbaum claims that “Kuhn’s ‘scientific
communities’ are examples of [Fleck’s] ‘thought collectives, and the term
‘thought style’ might often be substituted for ‘paradigm’ in Structure”
(1983, 194). Cedarbaum also misunderstands Kuhn when he claims that
“the essential constituents of a paradigm, for Kuhn, are an axiom system
and a model (in the technical sense) for that system” (Cedarbaum 1983,
204). This captures neither Kuhn’s conception of paradigms, nor his con-
ception of scientific theories.

+ Among sociologists of science, “normal science” is widely regarded as one of Kuhn’s most import-
ant contributions to our understanding of science. Science is, after all, a tradition-bound activity
(see Barnes 2003). Among philosophers of science, Joseph Rouse is the one who has given the
greatest attention to Kuhn’s remarks about the practice of science (see, for example, Rouse 2003).
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Gattei is guilty of similar mistakes. He seems to think a crucial aspect
of Kuhn’s notion of a paradigm is the idea that paradigm changes are
essentially discontinuous changes (see Gattei 2008, 19n. 65). Indeed, it is
this feature, claims Gattei, that distinguishes Kuhnian paradigms from
other philosophers’ conceptions. We will see in the section of this chap-
ter on Phase 1v: the aftermath, below, that Kuhn came to believe that the
crucial changes in science are theory changes, which are in some important
respects distinct from paradigm changes.

It seems that the enthusiasm with which Kuhn used the term “para-
digm” in Structure, an enthusiasm bordering on recklessness, consumed
others as well. In a recently published article, Marx and Bornmann (2010)
report statistics on the number of articles that use the term “paradigm”
in their titles. Searching the Web of Science, they found that there were
six uses in 1960, eight in 1961, and twenty-one in 1962, the year Structure
was published. Not surprisingly, the use of the term continued to grow.
In 1970 there were forty-five uses, in 1971 there were sixty-six uses, and
in 1972 there were eighty uses. In 1980, 198 articles had the term in the
title, and in 1990, 416 articles had the term in the title. In 2000, 998 art-
icles used the term in the title, and in 2008, there were 1,372 articles with
“paradigm” in the title. Despite the lack of clarity with which Kuhn ini-
tially employed the term, he clearly hit a nerve. The term resonated with
natural scientists and social scientists, as well as scholars studying the sci-
ences, that is, historians, sociologists, and philosophers of science.

PHASE II1: THE CENTRAL INGREDIENT

As Kuhn reflected on these early responses to Structure, he was led to
clarify his own understanding of what a paradigm was or could be. He
recognized that if the concept of paradigm was to do any work in his ana-
lysis of science it had to be used in a precise manner. Three papers seem
especially important in this phase of the discovery process: (1) his reply to
his critics at the London conference, “Logic of Discovery or Psychology
of Research?” (Kuhn 1970a/1977); (2) the Postscript to the second edi-
tion of Structure (1969/1996); and (3) his contribution to Frederick Suppe’s
edited volume 7he Structure of Scientific Theories, “Second Thoughts on
Paradigms” (1974/1977).

The central ingredient of Kuhn’s concept of a paradigm that emerges
at this time was the idea of a concrete accomplishment that serves as a
guide to further research, as a template for resolving outstanding prob-
lems in a field (see Kuhn 1974/1977, 307n. 16). As Kuhn sought to address
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the concerns raised by Masterman, Shapere, and others, he came to call
these “exemplars” (see Kuhn 1970b/2000, 168). For the sake of clarity, in
the remainder of this book, I will use the term “exemplars” when I mean
paradigms in this narrow sense. Crucially, exemplars must (1) be widely
accepted solutions to concrete problems, but also (2) provide guidance to
scientists as they try to solve other, related problems. Hence, they are not
merely clear examples. Paradigms play an indispensable role in guiding
future research.

One of the clearest cases of an exemplar is Kepler’s mathematical model
that describes the orbit of Mars presented in his New Astronomy. That
solution provides the key to solving related problems, including model-
ing the orbits of other planets and the orbit of the Moon. But even as one
works with Kepler’s solution as a guide, solving these other problems can
be challenging. One cannot just derive an answer to these problems from
Kepler’s work. In an effort to achieve or construct solutions, a variety of
parameters can be altered. One must determine, for example, the eccen-
tricity of the ellipse that best describes the orbit one wants to model. One
must also assign a speed to the planet, for Kepler’s model requires only
that the speed vary in such a way as to sweep out equal areas in equal
times. Still, Kepler’s solution for the orbit of Mars provides one with a
variety of constraints that makes solving these problems easier than it
would be without his solution as a guide.

Kuhn gives other examples of exemplars, discussing the way they
are subsequently employed in an effort to solve other related problems.
Galileo’s work on inclined planes, for example, drew on his previous know-
ledge of the properties of pendulums (see Kuhn 1970b/2000, 170). Having

5 Far too much has been made of the fact that Stephen Toulmin (1961) also used the term paradigm
in Foresight and Understanding, which was published a year before Kuhn’s Structure. Toulmin’s
use of the term is as amorphous as Merton’s. Toulmin is most precise in his use of the term
“paradigm” when he characterizes a paradigm as a “particular explanatory conception” (52). For
example, he claims that Aristotle’s paradigm of motion was “a horse-and-cart” (52). Given this
paradigm, Toulmin argues, in every case of motion you analyze “you should look for two fac-
tors — the external agency (the horse) keeping the body (the cart) in motion, and the resistance
(the roughness of the road and the friction of the cart) tending to bring the motion to a stop” (52).
Clearly, there are similarities between this notion of a paradigm and Kuhn’s exemplars. But there
are also significant differences. Most importantly, Kuhn’s exemplars specify in deail, and in con-
crete ways, the sorts of parameters that are not up for negotiation. Indeed, unlike Toulmin, it
seems that for Kuhn the salient features of an exemplar cannot be merely qualitative. Perhaps the
most fundamental difference between Toulmin’s view and Kuhn’s view is that the former believes
that there are no genuinely revolutionary changes in science (see Toulmin 1970/1972, 47).

Kuhn claims to have deliberately avoided reading both Toulmin’s Foresight and Understanding
and Michael Polanyi’s Personal Knowledge while he was still writing Structure (see Kuhn 2000b,
296-97). But it seems that Kuhn’s memory has failed him again, for he cites Polanyi’s Personal
Knowledge in Structure (see Kuhn 1992a/1996, 44n. 1).
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developed an understanding of the way pendulums behave, Galileo began
to see bodies moving down inclined planes in a way he had not seen them
before, noting hitherto unnoticed similarities between the two sets of phe-
nomena. His understanding of pendulums thus functioned as a paradigm
or exemplar for his study of bodies moving on inclined planes.

Kuhn also discusses the variety of forms in which Newton’s second law,
f'=ma, is expressed as one solves related problems (see Kuhn 1970b/2000,
169). Kuhn (1974/1977, 299) lists a number of variations, including the
following;:

mg = md?s/d¢* for free fall, and
mgSin = — md>s/de* for the simple pendulum.

The physicist-in-training must learn to work with these different expres-
sions of the law, and, most importantly, learn to identify when to use
which formulation.®

Paradigms as exemplars play a crucial role in Kuhn’s philosophy of
science, even as it developed later in his career. They are the means by
which young aspiring scientists become scientists (1962a/1996, 10-11).
A central part of the educational process in the natural sciences involves
learning paradigms, and then applying them to new problems (see
Kuhn 1970b/2000, 169—70). This is an essential aspect of the socializa-
tion process that brings one into a scientific research community (Kuhn
19622/1996, 43; 1963, 349). Unless one can work with the accepted para-
digms one will be unable to participate as a researcher. Indeed, Kuhn
suggests that young aspiring scientists learn both the accepted theory and
“how the world behaves” through learning to work with paradigms (see
Kuhn 1970b/2000, 171; 19622/1996, 46). Paradigms are thus the means by
which aspiring scientists are socialized into their new roles as scientists.”

Paradigms also help explain why scientists are wsually so successful
in realizing their goals. A paradigm, like an accepted theory, focuses a

¢ There are many other examples of paradigms. Nancy Cartwright (1994/1996), for example, notes
that “part of learning quantum mechanics is learning how to write the Hamiltonian for canon-
ical models — for example, for systems in free motion, for a square well potential, for a linear har-
monic oscillator, and so forth” (317).

Hoyningen-Huene rightly notes that the role of exemplars in training scientists was central to
Kuhn’s thoughts from the time he began using the term “paradigm” (see Hoyningen-Huene
1989/1993, 134n. 14). Bird (2000) claims that it is from working with exemplars that scientists
acquire new “learned discriminatory capacities” (75). Bird also rightly notes that exemplars oper-
ate at two levels. “Exemplars described at the individual level ... [provide] scientists with a per-
sonal intuition for similarity,” which is essential for applying the exemplar to hitherto unsolved
problems. “At the social level ... #he paradigm of a certain field is an object of consensus among
its practitioners” (Bird 2000, 79).

~
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scientist’s attention narrowly. This can be useful, ensuring that one
attends to only those features of the world that matter. In this way, one is
not overwhelmed by a torrent of extraneous information as one seeks to
understand the phenomena that are the objects of one’s study. One sees
what one should see. The example of Kepler’s paradigm illustrates this
well. His solution to the orbit of Mars indicates which parameters are and
which are not up for negotiation.

Paradigms also help us explain why changes of theory are often dif-
ficult experiences for scientists to endure. Like accepted theories, para-
digms restrict a scientist’s vision, which can even prevent her from seeing
something that is before her eyes. Indeed, the scientist working with a
long-accepted paradigm is like the subject of the psychology experiment
who cannot see the black ace of hearts for what it is. It is in this way that
paradigms create the conditions that make theory change difficult (Kuhn
19622a/1996, 64). If one cannot even conceive of a black ace of hearts, then
one is not apt to see one even if it is right before one’s eyes.

PHASE IV: THE AFTERMATH OF KUHN’S DISCOVERY

In his 1962 paper on the historical structure of scientific discovery, Kuhn
notes that typically significant scientific discoveries “react back upon
what has previously been known, providing a new view of some previ-
ously familiar objects” (Kuhn 1962b/1977, 175). That is, such discover-
ies often require us to rethink what we thought we knew before. This is
part of the hermeneutical dimension of the narural sciences that Kuhn
believed many, including Charles Taylor, fail to recognize (see Kuhn
1991b/2000, 222). We can see such a process happening in Kuhn’s discov-
ery of paradigms. As he clarified his understanding of exemplars, he set
about the task of clearing up confusions that were a consequence of his
earlier ambiguous uses of the term “paradigm.” Most importantly, he no
longer characterized changes in theory as paradigm changes. Kuhn thus
came to distinguish theories from exemplars.*

¢ Hoyningen-Huene notes that after 1969 Kuhn “resumed talking of ‘theories’ and ‘theory choice’
where in SSR he usually substituted ‘paradigm™ (1989/1993, 142—43). Bird (2000) notes a tension
in Kuhn’s account between exemplars and theories. Bird expresses the point in the following way:
“there is a downplaying of zheory in the account of exemplars that is in tension with the emphasis
on theory change in Kuhn’s descriptive project. Revolutions are primarily changes in theoretical
beliefs” (2000, 86). Hoyningen-Huene notes that after 1982 Kuhn referred to the systems of con-
cepts that we associate with scientific theories as lexicons (1989/1993, 159). Hoyningen-Huene also
notes that Kuhn “stops using the term ‘disciplinary matrix after 1969” (1989/1993, 132).
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Recall, as noted above, that after hearing Masterman’s London con-
ference paper Kuhn admits that there can be exemplars even before sci-
entists have a theory. Thus, the two, exemplars and theories, must be
distinct. Further, throughout his later writings he characterizes scientific
revolutions as involving changes in the lexicon or theory that a research
community employs. For example, he claims that scientific revolutions
involve meaning change, that is, a “change in the way words and phrases
attach to nature” (1987/2000, 29). Exemplars, on the other, are not cap-
tured in words and phrases.

Kuhn’s refinement in his understanding of theory change did not
make exemplars obsolete or irrelevant to our understanding of science.
Kuhn continued to regard exemplars as the means by which theories are
learned. The meaning of the key terms of a theory can be quite opaque to
the young scientist-in-training. In order to acquire an understanding of
what they mean, scientists must apply the terms, and exemplars play a key
role in the process (see Hoyningen-Huene 1989/1993, 139).

Given Kuhn’s refined understanding of theory change, where theories
are distinguished from exemplars, it becomes easier to see both how theor-
ies and exemplars differ and how they are similar. The key similarity is that
both exemplars and theories restrict a scientist’s vision. As noted above, this
restricted vision has positive and negative effects on scientists. It enables
scientists to focus narrowly on what matters, or at least what is deemed to
matter, but it also leads scientists to overlook things that may turn out to
be important. And the most important difference between exemplars and
theories is with respect to their flexibility. The taxonomies or lexicons that
are replaced during episodes of theory change are essentially inflexible. To
alter a scientific lexicon or taxonomy is to cause a change of theory. More
precisely, a change of theory involves a modification of a lexicon in such a
way as to violate the no-overlap principle (see Kuhn 19912/2000, 94). For
example, the list of entities covered by the term “planet” is not the same
for the Prolemaic theory as it is for the Copernican theory. Exemplars, on
the other hand, are essentially flexible. Indeed, their value is a function
of their flexibility. Kepler’s model of Mars™ orbit is only useful for under-
standing the orbits of other planets because the various parameters can be
adjusted. A concrete scientific achievement can only function as an exem-
plar if it can be altered or modified in ways that enable scientists to solve
other problems. Any scientific achievement that does not have this capacity
for flexibility cannot function as an exemplar.

It is worth mentioning that not everyone has been pleased with the
understanding of the concept “paradigm” that Kuhn finally settled on.
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Many sociologists of science were intrigued by the earlier, more complex
notion of a paradigm which “incorporated cognitive and social commit-
ments” (see Pinch 1979, 440). Trevor Pinch, for example, expresses disap-
pointment in Kuhn’s “choice of ‘exemplar’ as the meaning of paradigm
rather than the more radical combination of ideas and social actions
embodied in such notions as ‘forms of life’ or ‘language games’” (see
Pinch 1979, 440). This change in Kuhn’s view, Pinch suggests, was a
return to the traditional “division of labor whereby philosophers of sci-
ence determine the criteria of good science and sociologists study scien-
tists’ use of and deviation from such criteria” (440). Pinch suggests that
this return to the traditional division of labor on Kuhn’s part was most
evident in Kuhn’s study of the revolution in physics that gave rise to quan-
tum mechanics. As far as Pinch is concerned, it is a thoroughly internalist
history of science (1979, 439).

The move away from a notion of paradigm that “incorporated cog-
nitive and social commitments” led many sociologists to lose interest in
Kuhn’s work. They were more intrigued by the earlier, radical Kuhn, the
one that he took pains to distinguish his later self from.’

I return to the topic of Kuhn’s internalism in chapter 9. To a large
extent, it is because of Kuhn’s commitment to internalism that his work
is relevant to philosophers of science concerned with developing an epis-
temology of science. Internalism is one issue that is apt to divide many
contemporary sociologists of science and philosophers of science.

My aim in this chapter has been to reconstruct Kuhn’s discovery of the
concept of paradigm, a concept that is widely regarded as one of his most
important contributions to our contemporary understanding of science
and scientific inquiry. I have argued that his discovery followed a pat-
tern similar to the pattern of discovery common in science, a pattern that
Kuhn himself exposed. Rather than emerging fully formed in Structure,
the concept of paradigm emerged through a series of phases.

o In light of this reaction on the part of sociologists of science, it is worth mentioning that the
term “paradigm” has gone from being strictly an analysts’ term to being an actors’ term as well.
Although, initially, the term was used only by philosophers, sociologists, and historians of science
to describe an aspect of scientific practice, now scientists use the term as well. In fact, two articles
in a recent issue of Science use the term. In an article titled “Differential Sensitivity to Human
Communication in Dogs, Wolves, and Human Infants,” Topdl ¢z al. claim to use “the A-not-B
object search paradigm that had been used to demonstrate the influence of communicative cues
on human infants’ perseverative search errors” (Topal ez al. 2009, 1,269). And in an article titled
“Positive Interactions Promote Public Cooperation,” Rand ez a/. claim that “the public goods
game is the classic laboratory paradigm for studying collective action problems” (Rand ez /.
20009, 1,273). These scientists are using “paradigm” in Kuhn’s preferred sense. They are identifying
or describing the exemplars that they are employing in their research.
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In the 1940s and 19505 a number of scholars with Harvard connections
working in different disciplines were using the term “paradigm” and they
were also coincidentally concerned with the way our perception is shaped
by our preconceptions, past experiences, and assumptions. With the pub-
lication of Structure, paradigms became an integral part of Kuhn’s under-
standing of science. But early criticism revealed that the role of paradigms
was unclear. It was only then, as Kuhn responded to criticism, that he
finally articulated a precise understanding of the concept of paradigm. In
a series of publications in the 1970s, he settled on a conception of a para-
digm as a concrete exemplar that functions as a guide to future research.
And once he articulated a clear and precise notion of paradigm, he was in
a better position to articulate a clear and precise notion of #heory change.
Exemplars, though, continued to play an important role in Kuhn’s devel-
oped philosophy of science.

There has been a lot of discussion about the extent to which Kuhn’s
views differ from the views of the positivists, one of the key views that
Kuhn was reacting against when he wrote Structure. For example, Gattei
(2008, chapter 5) and Alexander Bird (2000, 278-80) argue that, to a
large extent, Kuhn was unable to move beyond the positivists’ assump-
tions. In closing, I want to draw attention to two significant differences
between Kuhn’s view and the view of the positivists. First, Kuhn’s devel-
oped account of theories differs significantly from the positivists’ account
of theories. According to the positivists, a theory is expressible in a set of
sentences. It is from such sets of sentences that predictions are derived.
For Kuhn, though, a theory is essentially a set of categories or kind terms.
Given the positivist conception of theories, it makes sense to talk of the
truth of a theory. A theory is true just in case its constitutive sentences
are true. Given Kuhn'’s conception of a theory, that is, a lexicon, it makes
far less sense to describe a theory as true or false. Indeed, given Kuhn'’s
conception of a theory, usefulness and fruitfulness are more appropriate
terms of appraisal for theories.

Second, unlike the positivists, Kuhn does not believe that all scientific
knowledge is embodied in theories whose content is expressible in sen-
tences. Rather, Kuhn insists that some scientific knowledge is embodied
in concrete scientific accomplishments that serve as exemplars for solving
hitherto unsolved problems. Kepler’s model of the orbit of Mars presented

© | recognize, as much contemporary historical scholarship emphasizes, that there is no view that
deserves to be called zhe view of the positivists. They were a heterogeneous lot (see, for example,
Uebel 2008, 78).
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in 7he New Astronomy is a typical exemplar. It provided astronomers with
a template for modeling the motion of the other planets. To a large extent,
science education is the process by which young scientists learn to work
with exemplars, applying familiar solutions to outstanding problems,
problems designed to be readily solvable given the conceptual resources
supplied by the exemplar.



CHAPTER 4

The epistemic significance of incommensurability

So far, we have examined how Kuhn modified his understanding of sci-
entific revolutions and paradigms and their roles in scientific inquiry and
scientific change. Scientific revolutions and paradigms are two of the cen-
tral concepts in Structure. A third key concept introduced in Structure
concerned Kuhn throughout his career, namely incommensurability.
Rather than trace the history of the use of this term, as we did with the
concept of “paradigm,” my aim here is to distinguish the variety of ways
in which Kuhn used the term “incommensurability.”

Kuhn regarded the notion of incommensurability as extremely import-
ant to understanding scientific change. In fact, in 1990, he claimed that
his “own encounter with incommensurability was the first step on the
road to Structure)” adding that “the notion still seems ... the central
innovation introduced in the book” (1993/2000, 228). Later in his career,
Kuhn devoted more and more energy to the issue of incommensurability.

The concept of incommensurability has generated a lot of interest and
caused a lot of controversy both in Kuhn scholarship and in the philoso-
phy of science in general. There is a vast secondary literature on the topic
that continues to grow (see, for example, the papers in Hoyningen-Huene
and Sankey 2001; and Solar ez al. 2008). It is widely recognized by both
commentators and critics that Kuhn’s views on incommensurability devel-
oped, though there have been a variety of interpretations of the ways in
which his views changed (see, for example, Hoyningen-Huene 1989/1993,
212-18; Sankey 1993; Bird 2000, 291n. 1; Brown 2005; and Andersen ez al.
2006, chapter ).

One thing for certain is that Kuhn came to use the term “incommen-
surable” to describe different phenomena. Sankey and Hoyningen-Huene
(2001), for example, distinguish between semantic incommensurability
and methodological incommensurability (viii—ix). In this chapter, I dis-
cuss four distinct ways in which Kuhn came to use the term “incommen-
surability.” Three of these are presented in Structure. Although they have

65
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been referred to by a variety of names, I will follow Hacking and refer
to them as “topic-incommensurability,” “meaning-incommensurability,”
and dissociation (Hacking 1983, 67). “Topic-incommensurability” cor-
responds to Sankey and Hoyningen-Huene’s methodological incom-
mensurability, and “meaning-incommensurability” corresponds to their
semantic incommensurability. “Dissociation” describes the experience
of the historian of science as she tries to make sense of some scientific
practice of the past that is significantly different from current scientific
practices.

In his later writings Kuhn used the term “incommensurable” in yet
another way, a way that is somewhat derivative of meaning-incommensu-
rability, but that applies to the conceptual frameworks used in neighbor-
ing specialties. Kuhn came to believe that incommensurability aids in the
process of specialty formation in science by isolating neighboring research
communities from each other, and thus enabling them to develop the
conceptual resources appropriate to the phenomena they seek to model.
It was only in his later writings that Kuhn attributed this function to
incommensurability.

My aim in this chapter is to identify the various ways in which Kuhn
thought incommensurability affected science, and to clarify the epistemic
significance of incommensurability. Some forms of incommensurability
are temporary impediments to our pursuit of knowledge, but at least one
form plays a constructive role in advancing scientists’ goals.

TOPIC-INCOMMENSURABILITY

It is worth remembering where the concept of incommensurability came
from. It has long had meaning in mathematics. The Pythagoreans are
credited with discovering that there is no common measure between the
hypotenuse and the sides of an isosceles right-angle triangle (see Kuhn
1983/2000, 35). That is, we cannot express both terms in whole numbers.
Applied to science, the basic idea is that there is no common measure for
evaluating competing theories. This is one of the ways in which Kuhn
uses the term “incommensurable” in Structure. But even in Structure, we
will see, Kuhn extended the meaning of the term to cover other phenom-
ena as well.

Kuhn introduces the notion of topic-incommensurability in his discus-
sion of the nature and necessity of scientific revolutions, the first substan-
tive discussion of incommensurability in Structure. His intention in that
discussion is to explain why “paradigm choice can never be unequivocally
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settled by logic and experiment alone” (19622/1996, 94)." On Kuhn'’s inter-
pretation of positivism, the positivists suggest that disputes in science
could be resolved in a straightforward manner, by appeal to either logic
or experiment. But Kuhn did not believe this was so. He appealed to epi-
sodes of theory change in the history of science to support his view. The
Copernican revolution, for example, took between six and twelve decades
to resolve (see Kuhn 1957, 1). Thus, to some extent, Kuhn invoked the
concept of incommensurability in an effort to explain why disputes about
which of two competing theories is superior often take years to resolve.

Kuhn claims that “the normal-scientific tradition that emerges from a
scientific revolution is not only incompatible but often actually incommen-
surable with that which has gone before” (Kuhn 19622/1996, 103; emphasis
added). He gives a sense of what he means in a discussion of successive
theories. For example, he notes that “the reception of a new paradigm
[that is, a new theory] often necessitates a redefinition of the correspond-
ing science. Some old problems may be relegated to another science or
declared entirely ‘unscientific’” (103).

Kuhn gives the following example to illustrate his point. In Principia
Newton “interpreted gravity as an innate attraction between every pair
of particles of matter” (Kuhn 19622/1996, 105; emphasis added). But for
the scientists trained and still working in the pre-Newtonian mechanico-
corpuscular world view, it was imperative to “search for a mechanical
explanation of gravity” (105). Given the mechanico-corpuscular theory,
this was a legitimate scientific problem. Given Newton’s theory, however,
the search for a mechanical explanation of gravity was not a scientific
problem.

Topic-incommensurability can be clearly illustrated using this example.
Imagine two natural philosophers during Newton’s time evaluating the
two competing theories, the pre-Newtonian mechanico-corpuscular the-
ory and Newton’s theory. These two natural philosophers will be led to
make different judgments about the two competing theories, depending
upon which presuppositions they employ in their evaluations. The advo-
cate of the pre-Newtonian mechanico-corpuscular theory will regard the
search for a mechanical explanation as a legitimate scientific problem. As
a result, Newton’s theory will look deficient. The advocate of Newton’s
theory will regard gravity as innate, and thus in no need of a mechanical

* In this context, Kuhn uses the term “paradigm” to mean theory. Thus, a paradigm choice involves
a choice between competing theories. In the previous chapter, we saw that Kuhn came to use the
term “paradigm” in a restricted sense, to designate the concrete exemplars that guide scientists in
their research. The reader is cautioned to keep this change in mind.
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explanation. As a result, this natural philosopher will regard Newton’s
theory as superior. The two theories are incommensurable because there is
no common measure accepted by advocates of both theories for assessing
the theories. As a matter of historical fact, many continental Cartesians
initially regarded Newton’s conception of gravity as a regressive return to
occult powers, which they felt had no place in the new science (see, for
example, Dear 2001, 164—65). At the same time, many English natural
philosophers judged Newton’s theory to be superior.

Kuhn also discusses topic-incommensurability in his analysis of the
resolution of revolutions. Kuhn claims that “the proponents of competing
paradigms will often disagree about the list of problems that any can-
didate for paradigm [that is, theory] must resolve” (1962a/1996, 148). As
a result, he notes, “their standards or definitions of science are not the
same” (148). It is crucial to recognize that Kuhn believes that scientific
standards are determined, to a large extent, by the problems one seeks to
address. If one changes the list of problems one seeks to address, then one
changes the standards of evaluation.

The type of rationality that Kuhn is working with here is what is
often called instrumental rationality (see Kuhn 1979b/2000, 206; see also
Friedman 2001). We judge a choice to be rational or irrational on the
basis of whether it advances a goal or set of goals which we take as given.
Instrumental rationality makes no judgment about the value of our goals.
Two scientists may be led to evaluate competing theories differently if
they do not share the same goals. Such differences can create genuine
and quite resilient barriers to reaching an agreement about which theory
is superior. But Kuhn certainly felt that such barriers could be overcome
in time.

Indeed, Kuhn insisted that disputes between advocates of competing
theories are generally resolved in a rational manner. But in order to bring
such a dispute to a close, additional evidence often needs to be amassed,
evidence that makes clear the epistemic superiority of one of the compet-
ing theories. At that point, a new consensus emerges, and a new normal
scientific tradition begins.

In the discussion of scientific revolutions in chapter 1, we saw that
competing theories do not address the same set of topics or problems.
The overlap in topics or problems addressed by two competing theories
may be quite extensive. In fact, there needs to be quite extensive over-
lap for the two theories to be deemed competitors (see Hoyningen-Huene
1989/1993, 219). Inevitably, though, there will be some problems that the
one theory addresses that the other theory does not, and vice versa. And
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this discrepancy is what often leads two scientists to evaluate compet-
ing theories differently. Their standards are not the same. Still, as Kuhn
notes, a “lack of a common measure does not make comparison impos-
sible” (Kuhn 1983/2000, 35).>

Topic-incommensurability is a rather modest form of incommensur-
ability. But it is as robust a notion as one needs in order to explain what
Kuhn sought to explain, that is, why logic and experiment alone cannot
settle disputes between advocates of competing theories. Gerald Doppelt
(1978) provides one of the clearest explanations of how topic-incommensu-
rability affects scientists. Two scientists who accept or work with different
theories are apt to assign greater value to solutions to different problems:

Data which are “anomalous” for the old paradigm [that is, the old theory] but
successfully explained by the new enjoy far greater epistemological importance
relative to the standards implicit in the new paradigm than they enjoy relative to
those implicit in the old paradigm. (Doppelt 1978, 44)

Kuhn notes that very often anomalies are initially just set aside (Kuhn
1962a/1996, 82). There is neither a presumption that they falsify the
accepted theory, nor a presumption that they must or can effectively be
addressed immediately. But when an anomaly does attract the attention
of a sufficient number of scientists, and a solution can be found, those
who were moved to take the anomaly seriously enough to develop a
means to accommodate it will also likely place great value on a theory
that can accommodate the previously anomalous phenomenon. Similarly,
those scientists who were not moved to resolve the anomaly are less apt to
endorse a new theory, even though it may resolve that particular problem.
Hence, topic-incommensurability is a robust enough notion to explain
why a research community, when faced with a choice between two com-
peting theories, may not be able to quickly resolve differences about which
of the competing theories is superior.

Incidentally, Hacking notes that in 1960 most philosophers would have
thought that successive theories in a field subsume the theories they replace.
That is, the new theories retain a// the successes of their predecessors, and
“cover a wider range of phenomena and predictions” than their predecessors

> Brown (1983) notes that critics of both Kuhn’s analysis and Feyerabend’s analysis of incommen-
surability “have taken incommensurable theories to be theories which cannot be compared in
a rational manner” (3). Both Kuhn and Feyerabend reject this interpretation (Brown 2005, 157;
see also Hoyningen-Huene 1989/1993, 218—22). Given Feyerabend’s diagram of incommensur-
able theories in his contribution to Criticism and Growth of Knowledge, however, it is easy to see
why some were led to think that he thought such theories cannot be rationally compared (see
Feyerabend 1970/1972, 220, figure 2).
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(see Hacking 1983, 67—69). Now, though, that view seems untenable and
topic-incommensurability seems undeniable (see Hacking 1983, 69).

As a matter of fact, Karl Popper (1975/1998) continued to endorse this
view that Kuhn was reacting against, the view that Hacking says was
taken for granted in 1960. According to Popper, “a new theory, however
revolutionary, must always be able to explain fully the success of its pre-
decessor. In all those cases in which its predecessor was successful, it must
yield results at least as good as those of its predecessor and, if possible,
better results” (1975/1998, 291).

It is worth highlighting the key difference between the type of dis-
parity in evaluation that concerns Kuhn in his discussion of topic-
incommensurability and the type of disparity in evaluation that he
discusses in “Objectivity, Value Judgment, and Theory Choice” (1977¢).
In this paper, Kuhn argues that two scientists can appeal to the same set
of values — simplicity, breadth of scope, accuracy, consistency, and fruit-
fulness — in evaluating competing theories and be led to different conclu-
sions about which theory is superior. The discrepancies in judgments may
result from the fact that the scientists weigh the various criteria differently,
or they differ in how they understand the various criteria. Simplicity, for
example, can mean different things in different contexts. And competing
theories can be simple in different respects. In his discussion of topic-
incommensurability, on the other hand, Kuhn is claiming that two sci-
entists may be led to disagree on their evaluation of competing theories
because they are concerned with different sets of problems, a consequence
of the fact that different theories address different problems.

It is the notion of a common measure that is of most importance for
explaining what Kuhn sought to explain when he initially invoked the
concept of incommensurability. He was seeking to explain why disputes
between scientists cannot be resolved by appeal to logic and experiment
alone. Topic-incommensurability explains why a change of theory is often
a protracted affair. Contrary to what some of his critics suggest, Kuhn
never conceived of incommensurability as an insurmountable barrier to
theory change or theory evaluation. Nor was the concept intended to imply
that the resolution of such disputes was either irrational or non-rational.’

3 The concept of incommensurability has also found its way into political philosophy. In “Two
Concepts of Liberty,” Isaiah Berlin describes the various kinds of freedom that people can enjoy
as incommensurable with each other (Berlin 2002, 177n. 1). He also came to describe the various
goods that people pursue as incommensurable. Berlin’s notion is similar to topic-incommensura-
bility. It emphasizes that there are a number of potentially conflicting values that make evalua-
tions of alternative ways of life, or theories (in the case of science), difficult.
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MEANING-INCOMMENSURABILITY

Consider the second way the term “incommensurability” is used in
Structure, what has come to be called “meaning-incommensurability.”
According to Kuhn, when a new theory replaces an older theory in a par-
ticular field, “old terms, concepts, and experiments fall into new relation-
ships one with the other” (19622/1996, 149). As a result, “communication
across the revolutionary divide is inevitably partial” (149). To illustrate
his point, Kuhn discusses the change in meaning that Copernicus intro-
duced with his new, heliocentric theory. According to Kuhn, “part of
what [Copernicus’ predecessors] meant by ‘earth’ was a fixed position.
Their earth ... could not be moved” (1962a/1996, 149). Consequently,
“Copernicus’ innovation ... was a whole new way of regarding the prob-
lems of physics and astronomy, one that necessarily changed the meaning
of both ‘earth’ and ‘motion’ (149—50).

In another context, Kuhn discusses the example of the change in the
meaning of “mass” from Newtonian physics to Einsteinian physics.*
Given that the central terms of scientific theories are defined in relation
to each other in a holistic manner, such changes of meaning can make
it very difficult for scientists to effectively compare competing theories.
Difficulties in communication between advocates of competing theories
are thus to be expected.

Most philosophers concerned with the issue of incommensurability
have been concerned with meaning-incommensurability (see Bird 2000,
150—s1). Doppelt (1978) argues that the interest in and focus on mean-
ing-incommensurability is due to Kuhn’s early critics, especially Dudley
Shapere (1966/1981) and Israel Scheffler (1967). Sankey’s book-length study
of incommensurability is quite typical of the contemporary literature on
incommensurability. In his book, Sankey is exclusively concerned with
meaning-incommensurability (1994, 1) He does not even acknowledge
that there are different forms of incommensurability. Thus, Sankey totally
neglects topic-incommensurability. Given his myopic focus on meaning-
incommensurability Sankey is led to conclude that “since so few of the

+ Hacking discusses this example in his analysis of meaning-incommensurability (1983).

5 Meaning-incommensurability is the focus of many commentators, including Collier (1984), Chen
(1990), and Sankey (1991, 1994). Even some historians of science who discuss incommensurability
focus on meaning-incommensurability (see Buchwald and Smith 2001). In a recent compari-
son of Feyerabend’s and Kuhn’s notions of incommensurability, Oberheim (2005) suggests that
Feyerabend was concerned with meaning-incommensurability (386). Further, Oberheim notes
that whereas Feyerabend was led to the concept through the literature on the psychology of per-
ception, Kuhn was led to the concept through his study of the history of science (385).
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radical claims associated with the incommensurability thesis are warranted
by the phenomenon of conceptual change in science, it is not clear that
there is anything left for the word ‘incommensurability’ to stand for” (221).

Sankey is correct in his assessment of the threat posed by incommen-
surability provided one only considers meaning-incommensurability.
Meaning-incommensurability is far less threatening than some have been
led to believe. The fact that key terms do not have the same meaning in
two competing theories does not entail that the theories cannot be com-
pared. Nor does it entail that there is no rational basis for assessing the
theories. But meaning-incommensurability is only one form of incom-
mensurability. And some of the other forms do have interesting epistemic
implications. Indeed, topic-incommensurability is an important concern
for the epistemology of science, and one that has received less attention
than it deserves, in part, because Kuhn’s attention turned elsewhere.

In the later part of his career Kuhn seems to have been preoccupied
with the issue of meaning-incommensurability. In fact, Kuhn notes that
after the publication of Structure, he “increasingly identified incom-
mensurability with difference of meaning” (Kuhn 1993/2000, 237; see
also Brown 2005, 152). But the issue of meaning change is distinct from
the issue of topic-incommensurability, for changes of meaning do not
necessarily involve changes in standards. At times, it seems that Kuhn
recognized that he was drifting into a new topic in his discussions of
meaning-incommensurability, for he notes that:

[Alpplied to the conceptual vocabulary deployed in and around a scientific the-
ory, the term “incommensurability” functions metaphorically. The phrase “no
common measure” becomes “no common language.” (Kuhn 1983/2000, 36)

Hence, strictly speaking, meaning-incommensurability does not involve a
lack of shared standards. In fact, in a discussion of what he called “mean-
ing incommensurability,” Kuhn notes that “what ... is at issue is not sig-
nificant comparability but rather the shaping of cognition by language”
(1983/2000, 55). Competing theories are like different languages in that
they “impose different structures on the world” (52).°

Despite the fact that meaning-incommensurability is not concerned
with the absence of shared standards, meaning-incommensurability can
make the evaluation of competing theories difficult. When two scientists

¢ Alexander Bird (2000) has suggested that Kuhn’s engagement with issues in the philosophy of
language were, for the most part, misguided and unfruitful. I agree with Bird. And it seems that
Kuhn was aware that some of his remarks on meaning-incommensurability were muddled, for
he admits to confusing the notions of language learning and translation in his discussions of
meaning-incommensurability (see Kuhn 1993/2000, 238).
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have different ideas and expectations about the referent or extension of
a kind term as they do when they work with competing theories, “com-
munication is ... jeopardized” (Kuhn 1993/2000, 231). As a consequence,
Kuhn claims, it can be difficult to rationally adjudicate between two
competing theories (231). Hence, the fact that competing theories use the
same terms in different ways does contribute to making the resolution of
disputes in science protracted. But we should not confuse differences of
meaning that make it difficult for scientists to resolve their disagreements
with differences of standards.

In Kuhn's later writings, he came to describe meaning-incommensura-
bility as local incommensurability. During an episode of theory change,
the terms whose meanings change from one theory to its successor often
are relatively few and can be locally contained. That is, they affect only
a small part of the scientific lexicon (in this regard, see Andersen ez al.
2006, 105-08). As a result, Kuhn claims, “the terms that preserve their
meanings across a theory change provide sufficient basis for the discus-
sion of differences and for comparisons relevant to theory change” (Kuhn
1983/2000, 36). Consequently, Kuhn makes it clear that he did not believe
that meaning-incommensurability undermined the possibility of compar-
ing competing theories (see 1983/2000, 34 and 36).

Andersen ez al. (2006) provide a valuable analysis of how we can under-
stand the nature and dynamics of local incommensurability employing
a frame model of concepts that was developed in the cognitive sciences
(see especially chapter 5 there). Importantly, this account of concepts has
many affinities to Kuhn’s own understanding of concepts. Andersen ez al.
take the fact that the frame model of concepts is now widely accepted as a
vindication of Kuhn’s own account.

DISSOCIATION

The third type of incommensurability that Kuhn discusses in Structure is
what Hacking refers to as “dissociation.” Kuhn claims that “the proponents
of competing paradigms [that is, theories] practice their trade in different
worlds” (1962a/1996, 150). When he wrote Structure, he described this as
“the most fundamental aspect of the incommensurability of competing
paradigms” (150). And the notion of scientists working in different worlds
has been one of the most elusive and disturbing aspects of Kuhn’s view.

In an effort to illustrate the nature of dissociation Hacking discusses
the example of Paracelsus’ medical writings. According to Hacking,
“Paracelsus’s discourse is incommensurable with ours ... because there
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is no way to match what he wanted to say against anything we want to
say” (1983, 71). Elaborating, Hacking claims that “one can start talking
[Paracelsus’] way only if one becomes alienated or dissociated from the
thought of our own time” (71; emphasis added).

In a recent article, Ipek Demir (2008) distinguishes between the
incommensurability that “scientists encounter during revolutionary peri-
ods,” and the incommensurability that analysts of science, for example
historians of science, encounter “when they engage in the representation
of science from earlier periods” (133). Dissociation describes the analyst’s
experience. The historian of science is apt to experience dissociation as
she secks to understand past scientific practices and theories. The scientist
who happens to live through a change of theory in her specialty, on the
other hand, experiences something quite different.

Interestingly, Kuhn notes that he first became aware of incommen-
surability when he was working as an analyst rather than when he was
working as a scientist (Kuhn 1991a/2000, 91). It was “from attempts to
understand apparently nonsensical passages encountered in old scien-
tific texts” that he was led to this notion of incommensurability (91).
On numerous occasions, Kuhn recounts the trouble he had trying to
make sense of Aristotle’s physical theory (see Kuhn 1987/2000, 15-17).
His familiarity with Newton’s physics interfered with his understanding
of Aristotle’s physical theory (see Kuhn 1977b, xi). It was only when he
began to see that Aristotle’s concerns were not the same as Newton’s con-
cerns that he began to see that by Aristotle’s own standards Aristotle was
a good physicist.

SPECIALIZATION AND INCOMMENSURABILITY

In chapter 7, I examine Kuhn’s account of specialty formation in science
in detail. For now, though, it is worth noting that Kuhn came to believe
that some crises in science are resolved, not by the replacement of one the-
ory by another, but by the creation of a new scientific specialty. Each field,
the parent field and the new specialty, develops its own lexicon (Kuhn
19912/2000, 98)” He came to describe the two lexicons as incommensur-
able with each other (98).

7 Kuhn suggests that Biagioli’s (1990) paper, “The Anthropology of Incommensurability,” helped
him see this (see Kuhn 1991a/2000, 97). Biagioli describes the incommensurability between com-
peting paradigms as playing “an important role in the process of scientific change and paradigm-
speciation” (Biagioli 1990, 183; emphasis added).
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Kuhn suggests that the resulting incommensurability that arises
between neighboring specialties is inescapable. The creation of a new sci-
entific specialty, and the conceptual barriers it creates, are sometimes the
only way we can make progress in our pursuit of scientific knowledge
(98). The conceptual resources available in the parent field prove inad-
equate for the range of phenomena scientists seek to model. The solution
is to create two fields, each concerned with a narrower range of phenom-
ena. It is in this respect, Kuhn claims, that specialization is similar to
biological evolution (see Kuhn 1991a/2000, 97). Scientists are developing
more specialized niches in which to work. In chapter 7, I discuss in some
detail two examples of this process, the creation of the field of endocrin-
ology and the creation of the field of virology.

Kuhn claims that this kind of incommensurability that occurs between
neighboring scientific specialties plays an important role “as an isolating
mechanism” (19912/2000, 99; also 1992/2000, 120). Just as physical barri-
ers, like mountains or wide waterways, aid with speciation in the biological
world, the isolation that results from the meaning-incommensurability
that develops between specialties facilitates conceptual development. Such
isolation allows each group to develop a lexicon suited to the phenom-
ena that concern them and their research. As a result, collectively, the vari-
ous scientific specialty communities are better able to realize their goals.
Kuhn puts the point in the following way: “it is the specialization con-
sequent on lexical diversity that permits the sciences, viewed collectively,
to solve the puzzles posed by a wider range of natural phenomena than a
lexically homogenous science could achieve” (19912/2000, 99). Efforts to
unify science, especially efforts to create a unified scientific lexicon, can
be an impediment to science. And the incommensurability that emerges
between specialties aids scientists by foiling such efforts at unification.

The type of incommensurability that develops between neighboring
scientific specialties is akin to meaning-incommensurability. Scientists
working in neighboring specialties are often impeded in effective com-
munication across specialty lines because they attach different meanings
to the same terms. But unlike the phenomenon Kuhn refers to as “mean-
ing-incommensurability,” which is often a barrier to progress in science,
the differences in meaning that divide neighboring specialties serve to
advance the goals of science. They do this by allowing each research com-
munity to develop concepts that serve their local goals.

Consider, for illustrative purposes, the concept “species.” It is widely
recognized that there are a number of incommensurable species concepts
(see Ereshefsky 1998). There is an interbreeding concept, a phylogenetic
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concept, and an ecological concept (see Ereshefsky 1992; 1998, 105).
Importantly, these different concepts “carve the tree of life in different
ways” (105). Thus, “many interbreeding species fail to be phylogenetic
species, and many phylogenetic species fail to be interbreeding species”
(105). Each species concept is suited to a different set of research interests.
And scientists working in different sub-fields of biology tend to work with
one conception only. Paleontologists, for example, prefer the phylogen-
etic concept, whereas population geneticists work with the interbreeding
conception.” Were biologists to try to overcome the incommensurabilities
between their sub-fields, they would likely be frustrated in the pursuit of
their research goals. There is no need to develop a single unified species
concept. In fact, to attempt to develop such a concept might be detrimen-
tal to science.

In Kuhn’s later writings, generally, when he discusses incommensur-
ability it is either meaning-incommensurability or the incommensur-
ability between the lexicons in neighboring specialties. But he continued
to regard all three forms of incommensurability that he introduced in
Structure as important.

In summary, I would like to briefly explain how the four forms of
incommensurability identified by Kuhn differ with respect to their epi-
stemic significance.

Dissociation is of no real concern to scientists. Rather, it describes the
experience of the analyst, the sociologist, or historian of science trying
to understand earlier theories which no longer have much in common
with contemporary scientific theories. Given that earlier scientists had
concerns that are often far removed from the concerns of contemporary
scientists, it can be challenging for the sociologist or historian to develop
an adequate understanding of the views and concerns of earlier scientists
(see Cohen 1974, for a discussion of some of the challenges). But scientists
need not understand their past in order to be effective scientists.

Meaning-incommensurability does affect scientists. It can cause confu-
sions between proponents of competing theories. For example, the differ-
ent meanings of “mass” in the theories of Einstein and Newton could lead
to confusion between advocates of each theory, that is, until each under-
stood how their use of the term differs from the others’ use. Thus, the
real threat posed by meaning-incommensurability is misunderstanding.

¢ 1 thank Marc Ereshefsky for guidance on this issue, especially with identifying which concept
serves which sub-field.
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But the effects of misunderstanding in scientific disputes should not be
underestimated.

The related concept of meaning-incommensurability that arises
between different specialty communities is similar in that it can lead to
persistent misunderstandings for those who try to speak across specialty
lines. But Kuhn insists that these misunderstandings serve a positive epi-
stemic function. They serve to isolate the two groups from each other,
which in turn allows each group to develop the conceptual resources that
each needs. Without such isolation, the groups may find they are less cap-
able of developing the concepts, instruments, and practices suited to their
objects of study.

Finally, topic-incommensurability helps explain why logic and experi-
ment do not enable scientists to readily reach agreement about which of
two competing theories is superior. Because scientists who accept different
theories are often concerned with different topics or problems, they will
not necessarily agree about which of two competing theories is superior,
even if they have access to the same body of data. They lack a common
measure by which to evaluate the competing theories. And it is because of
topic-incommensurability that disputes between advocates of competing
theories are often rather protracted affairs. For example, it is due, at least
in part, to topic-incommensurability that the Copernican revolution in
astronomy was such a drawn-out affair. Concerned with different scien-
tific problems, the advocates of each of the competing theories appealed
to different standards and were led to disagree about which theory was
superior. Only as each theory was refined and new data were collected
were astronomers able to reach an agreement about which theory is super-
ior. The competing theories must be developed before one theory shows
itself to be unequivocally superior to the other. Indeed, if Kuhn’s account
of theory change is correct, then, in general, it is only as those working in
a field come to agree about what problems are most important that they
will be able to reach a consensus about which theory is superior.






PART II

Kubn’s evolutionary epistemology






Kuhn'’s epistemology of science is an evolutionary epistemology. Critics
and commentators alike have generally either ignored or misunderstood
this dimension of his project. My aim in Part 11 is to rectify this situ-
ation. I aim to show that understanding Kuhn’s evolutionary perspective
on epistemology is the key to understanding his epistemology of science.
Such a perspective, I argue, is at odds with the perspective most philoso-
phers bring to their study of science. Kuhn’s approach to evolutionary
epistemology requires a radical shift in perspective. Indeed, this is one
reason why Kuhn is so frequently misunderstood.

No doubt, part of the reason Kuhn’s evolutionary epistemology is mis-
understood is the fact that the term “evolutionary epistemology” covers a
wide range of projects, with very different aims. Perhaps the most popular
approach to evolutionary epistemology is that which seeks to explain our
many true beliefs in terms of the evolutionary advantages accrued to the
sorts of creatures who have developed the means to acquire the beliefs.
For example, one might explain our many true beliefs about the visual
aspects of the world in terms of our capacity to see. This is the sort of
project that Donald Campbell (1974) was pursuing. And, for a time, the
project was quite popular. It seems to be a common-sense way to under-
stand the project of naturalizing epistemology. Our best scientific theor-
ies, including our knowledge of biological evolution, provide insight into
understanding our epistemic successes. This sort of project is also com-
patible with reliabilist theories of justification, according to which a belief
is justified insofar as it was acquired by some reliable means.’

* Campbell (1974) provides a seven-page bibliography on evolutionary epistemology, much of it
historical, identifying many early evolutionary explanations and analogies offered by philoso-
phers, psychologists, and scientists seeking to explain how we acquire knowledge. His preferred
model is a “blind-variation-and-selective-retention process.”

Alvin Goldman’s (1986) Epistemology and Cognition is the classic source on reliabilism in
epistemology.
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There are, however, limitations to such an approach to evolutionary
epistemology. It is quite plausible to believe that our evolutionary history
can explain why it is that people can discern certain colors and smells,
for example. After all, we can imagine a variety of advantages that would
have accrued to our early ancestors as they developed such abilities. And
evolutionary theory might offer some insight into why certain basic pat-
terns of reasoning are pervasive. But it is quite implausible to believe that
there is an evolutionary explanation underlying physicists developing or
accepting a particular theory of the atom, for example. We have accepted
the theories we have in part because of the sources of information we have
acquired and refined throughout our evolutionary history. But it is hard
to believe that such theories can be explained in terms of the evolutionary
fitness they have afforded us. Hence, this sort of approach to evolutionary
epistemology does not seem suited to scientific knowledge, especially the-
oretical knowledge.

Philosophers of science have developed alternative approaches to evo-
lutionary epistemology, approaches more suited to understanding science
and scientific knowledge. Popper, for example, compares the testing of
competing theories in a research community to the selection of the fit-
test variations in a biological population. The testing that our theories
undergo, he claims, is like the challenges that species must overcome if
they are not to be driven to extinction (see, for example, Popper 1972).
Popper’s own version of evolutionary epistemology, though, has been
widely criticized, even by those who are otherwise sympathetic to Popper’s
philosophy of science (see, for example, Baigrie 1988).

More recently, in Science as a Process, David Hull (1988) has developed
an evolutionary epistemology of science. On Hull’s account, the vari-
ous institutions that constitute the environment in which competing
hypotheses encounter each other are organized in a manner such that
weaker hypotheses are weeded out. Hull, though, does not believe that
the epistemic effectiveness of science is a consequence of the fact that the

* The literature on evolutionary epistemology is vast. In fact, in an article published in 1986,
Michael Bradie provides a six-page bibliography of literature on evolutionary epistemology (see
Bradie 1986). Consequently, my discussion will be quite selective. This particular approach to
evolutionary epistemology that seeks to explain our propensity to adopt true beliefs or our ten-
dency to reason correctly in terms of selection pressures has been criticized for a number of rea-
sons. Stephen Downes (2000), for example, argues that a number of “versions of the view that
mechanisms of true belief generation arise out of natural selection ... fail to establish a connec-
tion between truth and natural selection” (425). And Richard Feldman (1988) argues that “even
if it is advantageous to use rational strategies, it does not follow that we actually use them; and
... natural selection need not favor only or even primarily reliable belief-forming strategies” (218).
See also Stephen Stich’s (1990) Fragmentation of Reason, chapter 3.
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institutions constitutive of science are well designed with great foresight,
aimed at eliminating weaker theories. Humans are not so clever or cap-
able of designing these institutions, knowing well in advance the ends
they will aid us in achieving. Rather, Hull believes that such institutions
have developed gradually over time. Through trial and error, the institu-
tions constitutive of science have been modified in ways to make them
more effective at advancing scientists’ epistemic goals.’

According to Hull, the key to the success of science lies in the fact that
the constitutive institutions, in conjunction with the reward structure in
science, encourage certain types of behavior in scientists, behaviors that,
luckily, are conducive to aiding scientists in realizing the goals of sci-
ence. For example, scientists seek peer recognition. That is a key source
of motivation for researchers. Consequently, in their efforts to secure the
type of positive peer recognition they desire, they are forced to produce
good research that will stand up to the scrutiny of their peers, and that
will be deemed useful to advancing their peers’ research goals. In this way,
scientists are driven to produce good research, which in turn advances the
institutional goals of science. Hull thus offers a functional explanation of
peer review.*

Such functional explanations of the social institutions of science were
developed earlier by the sociologist of science Robert K. Merton (see
Merton 1959). In his studies of priority disputes and multiple discover-
ies in science Merton aims to show how the institutions of science, like
the peer review process, ensure that science functions properly. But even

3 Friedrich Hayek (1960) also argues that the institutions constitutive of modern societies have
evolved gradually and without design. Further, he believes they embody much of the knowledge
that we take for granted. See especially chapters 2 and 3 in Constitution of Liberty.

Hull’s cynicism about the ability of planners to effectively direct science is shared by Popper.
Indeed, the mistrust of politicians and planners to direct society in general is the central theme of
Popper’s (1946/1950) The Open Society and Its Enemies.

+ The various evolutionary epistemologies developed by philosophers of science have also been
subject to criticism. Paul Thagard’s (1980) criticism is quite typical, insisting that “the similar-
ities between biological and scientific development are superficial” (187). Similar complaints are
raised by L. J. Cohen (1973). Hull (1974), though, believes that many criticisms of evolutionary
epistemologies of science are based on a mistaken view about biological evolution. For example,
Hull criticizes Cohen for failing to realize that the unit of biological evolution is not the indi-
vidual organism, but rather a population of organisms (Hull 1974, 334). Further, Hull objects to
the common assumption raised by critics of evolutionary epistemologies of science that cultural
evolution — the sort of evolution that would be relevant to explaining the success of science — is
Lamarckian not Darwinian (see Hull 1988, 452). Hull is concerned that most of the philosophers
who raise this point do not understand Lamarck’s view. Specifically, these critics fail to realize
that “in order for a form of inheritance to count as Lamarckian ... the acquired characteristic
must be inherited. Nongenetic transmission is not good enough” (1988, 453). Lamarck’s theory is
thus no less genetic than Darwin’s.
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though the institutions generally operate in ways that aid scientists in
realizing their research goals, habits and practices sometimes emerge that
are dysfunctional. For example, when two scientists engage in a priority
dispute, and their claims were made a mere two weeks apart, the system
of peer recognition which honors only the first to make the discovery is
not fulfilling its function.

To a large extent, Kuhn accepts this general approach to evolution-
ary epistemology. That is, like Hull and Merton, he believes that many
of the institutions and practices of science have a function which aids in
advancing the goals of science. Indeed, Kuhn uses the term “function”
intending it to mean just what Hull and Merton mean. For example,
Kuhn discusses the function served by the Whig histories of science that
are written for science textbooks (see Kuhn 1962a/1996, 137). These his-
tories misinform young scientists by distorting what really happened for
the purpose of reinforcing the view that scientific knowledge is cumula-
tive, and that the previous research in a field was leading to the currently
accepted view or theory. In reality, though, as Kuhn notes, eatlier scien-
tists often had very different interests and goals from those of contempor-
ary scientists. Early modern physicists generally believed that God created
the world, for example. Contemporary textbook presentations of Boyle’s,
Hooke’s, and Newton’s work seldom mention this aspect of their lives. It
is deemed both irrelevant and “unscientific,” despite the fact that these
early modern scientists did not see things this way.

As Kuhn developed his epistemology of science, he saw more and
more similarities between biological evolution and scientific change.
Consequently, as he developed his epistemology of science it became a
more thoroughly evolutionary epistemology of science.

I begin Part 11 by tracing an important development in Kuhn’s think-
ing about science, a development that has important implications for
understanding his evolutionary epistemology. Kuhn was one of the key
philosophers of science who initiated the historical turn in philosophy of
science in the early 1960s. Later, though, he changed his attitude about
the relevance and role of the history of science to philosophy of science.
He came to adopt what he later called a historical perspective. This histor-
ical perspective, or developmental view, as he sometimes called it, is an
evolutionary perspective on science. Whereas the historical zurn in the
early 1960s led him and others to look to the history of science for data
in their efforts to construct an adequate philosophy of science, the his-
torical perspective provides a new way to understand science and scientific
change. The historical perspective enables us to see science as in process,
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and to see that scientists work within a tradition of accepted beliefs. This
is a radically different perspective on science from the perspective that
had previously informed philosophy of science. Consequently, adopting a
historical perspective significantly changes our understanding of science
and scientific knowledge.

Given the historical perspective that Kuhn adopts, it can be and has
been challenging to figure out what Kuhn’s answers are to some of the
classic questions that concerned philosophers of science. Some of the
traditional questions no longer make much sense after we have adopted a
historical perspective.

Importantly, the historical perspective also leads us to rethink the role
that truth plays in explaining the success of science. Kuhn believes we
can make better sense of scientific inquiry and the success of science if we
see scientific inquiry as pushed from behind, rather than seeing science
as aiming toward a fixed goal set by nature. This is not to say that the
world does not constrain our theorizing. Kuhn certainly believes it does.
Rather, what he wants us to see is that the scope of our theories is not
determined by nature in advance of our inquiring about it. Importantly,
this is one respect in which Kuhn’s approach to the study of science is
more consonant with sociological studies of science. It is an approach that
philosophers could benefit from.

Kuhn began to think of his epistemology of science in evolutionary
terms at the end of Structure. There, Kuhn briefly explains why he seldom
mentions truth in a book devoted to scientific knowledge. He compares
scientific change to evolutionary change, arguing that just as evolution is
not driven toward a goal set in advance, science is not aiming at a goal set
by nature in advance.

Philosophers have generally taken for granted that science does have a
goal set by nature in advance. As a result, the success of science is generally
understood to be a measure of how we are doing with respect to this goal.
Kuhn, though, believes that such an image of science is both misleading
and not very illuminating. This insight was central to Kuhn’s epistem-
ology of science in Structure and he continued to regard it as important
to the end. Surprisingly, though, it did not attract much attention until
recently (see Bird 2000; Renzi 2009).

When Kuhn wrote Structure, he already believed that the truth did not
explain much about the success of science. But he did not yet have a posi-
tive answer to the question of what could explain the success of science.
Consequently, at that stage, he was really only prepared to argue that the
goals of science are nor set by nature in advance. Later, though, when
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he adopted the historical perspective, he realized that specialization can
account for some of the aspects of scientific inquiry that philosophers had
previously sought to account for by appealing to the truth. Most import-
antly, he saw how specialization serves to advance the epistemic goals of
science, by allowing scientists to develop more precise conceptual tools
for modeling the parts of nature they seek to understand. Hence, in his
later writings, Kuhn began to develop a positive answer to the question to
which he could offer only a negative answer when he wrote Structure.



CHAPTER §

Kubn’s historical perspective

Kuhn was part of the vanguard that ushered in the historical turn in phil-
osophy of science which looked to the history of science as a source of data
for developing a philosophy of science. This was a monumental change
in philosophy of science, marking, if not causing, the demise of positiv-
ism. The historical turn had a wider impact, contributing to important
developments in the sociology of science, including the rise of the Strong
Programme in the Sociology of Scientific Knowledge. In this respect,
Steve Fuller (2000) is correct to claim that with the writing of Structure
Kuhn unleashed a series of events that were no part of his intentions.

As Structure was subjected to criticism Kuhn changed his view about
the relevance of the history of science to the philosophy of science. He
came to believe that the key insight that philosophers could gain from the
history of science was a particular perspective on science, a historical or
developmental perspective. In this chapter, I aim to both trace the path
that led Kuhn to this change of view and to clarify what it is that the his-
torical perspective offers us.

According to Kuhn, the historical perspective helps us see that scien-
tists (1) always work within a tradition, beginning their inquiries with
a set of beliefs inherited from their predecessors, and (2) are concerned
with the evaluation of changes of belief rather than with the evaluations
of belief.

Central to Kuhn’s view, especially as it was developed in the latter
part of his life, is a radical proposal about the end of scientific inquiry.
Traditionally philosophers have uncritically assumed that science aims at
the truth, and the increasing accuracy achieved in science is taken as evi-
dence that we are getting ever closer to the truth. According to Kuhn,
progress in science is less a result of our getting increasingly closer to the
truth than it is a result of our developing specialty communities, research
communities that develop theories specifically designed to model a nar-
row range of phenomena. Hence, we should see science as a process of
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increasing specialization. This particular dimension of Kuhn’s philosophy
of science has generally been either neglected or misunderstood. In cer-
tain respects, specialization fills the part played by truth in traditional
philosophical accounts of science.

KUHN AND THE HISTORICAL TURN

The philosophers of science who preceded Kuhn, the positivists and Karl
Popper, were primarily concerned with the /logic of science (see Kuhn
1970a/1977, 288). They explicitly eschewed both the psychology of science
and the history of science, believing that these disciplines are irrelevant
to answering questions about confirmation, which is the proper con-
cern of philosophers of science (see Butts 2000, 195-96; Brown 2005,
159—60)." Popper, for example, distinguishes between the psychology of
knowledge and the logic of knowledge, arguing that the widely held but
mistaken “belief in inductive logic is largely due to a confusion of psy-
chological problems with epistemological ones” (1959, 30). Similarly, Hans
Reichenbach insists that “there is a great difference between the system of
logical interconnections of thought and the actual way in which think-
ing processes are performed [in science]” (1938/2006, 5). Only the former,
Reichenbach suggests, are of interest to the philosopher of science.
Moreover, Popper’s and the positivists” interest in the history of science
was for illustrative purposes only. A well-chosen historical example could
illustrate a key logical point. For example, in Experience and Prediction,
Reichenbach discusses Michelson’s experiment that is taken to show “the
equality of the velocity of light in different directions” (Reichenbach
1938/2006, 84). Reichenbach uses this historical example to illustrate the
difference between the types of claims we can know with certainty and
the types of claims we can know with only some degree of probability,
a distinction he believes transcends the contingencies of history (84—8s).
Reichenbach also discusses an experiment of Lavoisier’s as an example
of a crucial experiment “in favor of the oxidation theory of combustion”

' Although Kuhn criticizes both Popper and the positivists for focusing too narrowly on the
logic of science, he did regard Popper as an ally, “united in opposition to a number of the most
characteristic theses of classical positivism” (Kuhn 1970a/1977, 267). He notes, for example,
that they “both emphasize ... the intimate and inevitable entanglement of scientific observa-
tion with scientific theory; [they are both] ... skeptical of efforts to produce any neutral obser-
vation language; and [they both] insist that scientists may properly aim to invent theories that
explain observed phenomena” (267). In a footnote, Kuhn adds that “both insist that adherence
to a tradition has an essential role in scientific development” (Kuhn 1970a/1977, 267-68n. 4;
see also Fuller 2004, 21).
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(1938/2006, 388—89). Popper also discusses Lavoisier’s experiment in order
to illustrate his concern about the logic of confirmation. Given Popper’s
falsificationism, there are no confirming crucial experiments, only falsi-
tying ones (Popper 1959, 78n. 1). Hence, as far as Popper is concerned,
though Lavoisier’s experiment refutes the phlogiston theory, it “[cannot]
establish the oxygen theory of combustion” (Popper 1963, 220).

In the first chapter of Structure Kuhn proposes to use the history of
science in a different way. He proposes to use the history of science as the
source of data from which to develop a philosophy of science (see Kuhn
19622/1996, chapter 13 1976/1977, 4; 19912/2000, 95; 1992/2000, 107).>
Kuhn was not alone in pursing the philosophy of science this way. Paul
Feyerabend, Russell Hanson, Mary Hesse, and others were pursuing a
similar strategy. Kuhn explains that he and the others “turned to history
[to build] a philosophy of science on observations of scientific life, the his-
torical record providing [our] data” (1992/2000, 107).

Kuhn, though, did not think that the history of science was merely a
means for testing our hypotheses about the nature of science and scientific
change. Rather, he believed that the history of science might also “prove
to be a particularly consequential source of problems and of insights”
(1976/1977, 4). That is, were philosophers of science to begin with a care-
ful study of the history of science, they might be led to ask new and more
fruitful questions about the nature of science and scientific knowledge.

Kuhn suggests that similar insights to those he learned from the history
of science about the nature of science could also be gained from learning
contemporary science (see Kuhn 1976/1977, 13). The key is that in order
to develop an adequate philosophy of science philosophers must “more
closely acquaint [themselves] with science” (Kuhn 1976/1977, 13). History
is but one means to this end.*

N

It is worth noting that Kuhn believed that history of science is an autonomous discipline, with
goals distinct from those of philosophy of science (1976/1977, 5). Indeed, he claims to have
encountered difficulties in attempting “to draw the two fields closer together” (1976/1977, 4).
Kuhn grants, though, that one person can work in both disciplines, as he in fact did. What
he denies is that one can work in both disciplines simultaneously (5). Incidentally, Mary Hesse
(1976), another pioneer of the historical school, also emphasizes the importance of recognizing
the autonomy of history of science, and in particular recognizing that history of science has goals
distinct from the goals of philosophy of science.

Robert Butts notes that this idea that “proper philosophy of science can only come from a close
study of the history of science” was also held long before by both William Whewell and Pierre
Duhem (Butts 2000, 200). But, as Butts notes, Whewell and Duhem were “ahead of their time.”
Ron Giere also believes that insofar as the history of science is relevant to philosophy of science
it is as science, not history. That is, just as a study of contemporary science provides insight into
the nature of science so too does a study of early modern or nineteenth-century science (see Giere
1973, 295)-

-
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Kuhn was quite surprised at what he found in his study of the his-
tory of science (Kuhn 1962a/1996, vii). Two lessons stand out as especially
important. First, he found that “methodological directives, by themselves
[were insufficient] to dictate a unique substantive conclusion to many
sorts of scientific problems” (19622a/1996, 3). Second, he discovered that
the results of observations were not “mere facts, independent of exist-
ing belief and theory” (1992/2000, 108; see also 1962a/1996, 7). Rather,
“the supposed facts of observations turned out to be pliable” (1992/2000,
107-08). Further, Kuhn noted that “producing [facts has often] required
apparatus which itself depended on theory, [and] often on the theory that
the experiments were supposed to test” (108). The history of science thus
taught Kuhn that (1) theory choice is underdetermined, and (2) observa-
tions are theory-laden. Given the malleable nature of data and the under-
determination of theory choice, Kuhn realized that the data could not
play the role he had assumed they played in resolving disputes in science.

Kuhn explains that before he looked carefully at the history of science
he had uncritically accepted a particular view of scientific knowledge,
one that privileged observation, treating it as the foundation of scientific
knowledge. According to this view:

o “science proceeds from facts given by observation”

o “those facts are objective in the sense that they are interpersonal”

o facts “are prior to the scientific laws and theories for which they provide
a foundation”

 “to find [laws, theories, and explanations] one must interpret the facts”

« when scientists are confronted with a choice between competing theor-
ies “observed facts ... provide a court of final appeal” (Kuhn 1992/2000,

107).

By the 1960s, many philosophers found this view of science objectionable.
And, like Kuhn, many came to believe that the history of science would
be a valuable resource for developing an alternative philosophy of science
(see Kuhn 1968/1977, 121; Butts 2000, 196n. 7)J

5 Alan Richardson (2007) has recently argued that, contrary to what Kuhn implies, the view of
science that Kuhn was reacting against in Structure should not be identified with the view of the
logical positivists working in the 1950s (160). Indeed, Richardson claims that Kuhn was remark-
ably ignorant about the state of positivism in the late 1950s and early 1960s. Kuhn was certainly
unaware of Carnap’s later work, the work that has struck a number of contemporary philosophers
as similar in important respects to Kuhn’s view in Structure (Kuhn 2000b, 305-06; see also Reisch
19915 Fuller 2000, 391; Friedman 2001). And Kuhn admits as much (see Kuhn 1993/2000, 227).
Indeed, it seems that the principal source from which Kuhn acquired /is understanding of positiv-
ism is Reichenbach’s Experience and Prediction (see Kuhn 19794, viii). Yet despite the fact that the
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Once Kuhn had taken the historical turn in philosophy of science,
he came to believe a key issue in philosophy of science was to develop
an understanding of what really settles disputes in science (see Kuhn
1992/2000, 108). His study of the history of science suggested that data do
not play the role he and many others originally thought. Consequently,
Kuhn felt that philosophers should aim to determine what it is that really
secures consensus in a research community. Historical studies of science,

he thought, could shed light on this issue.®

KUHN AND THE SOCIOLOGY OF SCIENCE

In the 1960s sociology of science was enjoying a period of significant
growth. The Mertonian school had a near-monopoly.” The publication of
Structure, though, inspired a new school in the sociology of science, the
Strong Programme in the Sociology of Scientific Knowledge (see chapter 9
for more on this). Thus the historical turn that had affected philosophy of
science so profoundly in the 1960s gave rise to equally unsettling develop-
ments in the sociology of science in the 1970s, as the Strong Programmers
displaced the Mertonians."

The Mertonians and the proponents of the Strong Programme differed
profoundly. Whereas the Mertonians were sociologists by training, the
early proponents of the Strong Programme were not initially trained as or
by sociologists. Generally, they had training in the natural sciences and
turned to a serious study of the history and sociology of science only in
graduate school.” And whereas many of Merton’s students were engaged
in quantitative studies of science, the Strong Programmers conducted

view of science that Kuhn sought to replace was not an accurate representation of positivism, that
is the view that came to represent positivism to many people (see Richardson 2007, 362).

The claims of the historical school were ultimately subjected to empirical tests. Donovan ez /.
(1988) enlisted a number of philosophers to study a range of historical cases, to test “the theories
of scientific change” developed by the historical school, specifically, the theories developed by
Kuhn, Lakatos, Feyerabend, and Laudan (see Laudan ez a/. 1988, 6).

On the influence of Merton and the rapid growth of sociology of science in the 1960s and early
1970s see Garfield (1980) and Cole and Zuckerman (1975). Incidentally, Merton (1977) attributes
the development and growth of the sociology of science to the fact that science became “widely
regarded as a social problem and as a powerful source of social problems” (111). Only then was there
adequate interest in studying science sociologically. If this is in fact the case, it is not surprising that
the Strong Programme studies of science would be perceived as anti-science. Some of these studies
do, after all, draw attention to some of the social problems that science is implicated in.

Just as some question whether Kuhn killed positivism (see Reisch 1991), one might question
whether the Strong Programme killed the Mertonian school. There is some evidence to suggest
that Merton’s work in other areas of sociology besides the sociology of science, the sociology of
deviance, for example, was also in decline in the early 1970s (Cole 1975, 200).

It is worth noting that the early logical positivists “were [also] trained, in the first instance, as sci-
entists, and spent their early professional lives in the environment of scientists” (Butts 2000, 198).
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92 Kuhn’s historical perspective

qualitative micro-studies of science, detailed studies of very specific epi-
sodes in the history of science, often focusing narrowly on one labora-
tory or research institution. Farley and Geison’s (1974) study of the debate
about spontaneous generation in nineteenth-century France and Steven
Shapin’s (1975) study of the debate about phrenology in nineteenth-cen-
tury Edinburgh are typical. In the spirit of Kuhn’s project, these studies
sought to determine how consensus was really reached in science, that is,
to discover how disputes in science were brought to a close.

Like Kuhn, the proponents of the Strong Programme maintained
that observations are subject to multiple interpretations. Observation is
thus incapable of unequivocally resolving disputes in science. But, unlike
Kuhn, the proponents of the Strong Programme claimed that various
contingencies that have no epistemic import determine which theory or
hypothesis is ultimately accepted.

Although it is not one of the first-generation studies of the Strong
Programme, Simon Schaffer’s (1989) study of the reception of Newton’s
theory of color is a typical example of the work developed by these sociolo-
gists. Schaffer’s study illustrates in a clear way the sort of things about the
Strong Programme that concerned Kuhn and other philosophers of science.
Schaffer suggests that Newton’s theory of color won the assent of his peers
only after he gained “control over the social institutions of experimental
philosophy” (1989, 100). “After 1710 [Newton’s] authority among London
experimenters was overwhelming ... [allowing] carefully staged trials before
chosen witnesses and the distribution of influential texts and instruments
stamped with the imprimatur of collective assent” (100). Thus, on Schaffer’s
account, it was Newton’s growing power that bridged the gap between data
and theory, and secured the acceptance of his theory of color.

Incidentally, Schaffer’s interpretation has been challenged. Alan Shapiro
(1996), for example, has criticized Schaffer’s account of the reception of
Newton’s theory of color on a number of grounds. Shapiro argues that,
contrary to what Schaffer claims, “Newton’s theory was ... established in
Great Britain well before he had so much authority over ‘London experi-
menters’” (132). Further, Shapiro argues that “Newton’s ‘control over the
social institutions of experimental philosophy’ in London [was] ... of
minor consequence on the Continent” (132). On Shapiro’s account, the
“greatest attraction [of Newton’s theory of color] was its comprehensive-
ness and explanatory power” (133).”

© T thank Trevor Pinch for drawing my attention to Shapiro’s paper, and Peter Dear for drawing
my attention to Schaffer’s paper.
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Despite the Strong Programme’s interest in and enthusiasm for Kuhn’s
work, his reaction to their work was largely critical. He was unwilling
to accept the skeptical implications of their sociological and historical
studies of science. He described their project as “deconstruction gone
mad” (Kuhn 1992/2000, 1105 see also Kuhn 1991a/2000, 91). Specifically,
he believed that by invoking negotiation, power, and interests to fill the
gap between data and theory, the gap that methodology was unable
to bridge, the Strong Programme left no role for nature to play in the
process (see Kuhn 1992/2000, 109 and 110). Kuhn, though, insists that
“you are not talking about anything worth calling science if you leave
out the role of [nature]” (2000b, 317). He repeatedly notes that, contrary
to what is suggested by the Strong Programme, the world is “not in the
least respectful of observer’s wishes and desires; quite capable of provid-
ing decisive evidence against invented hypotheses which fail to match its
behavior” (Kuhn 1991a/2000, 101). Whether Kuhn’s reading of the Strong
Programme is a fair or accurate portrayal of their view is irrelevant for my
purposes here. His reading of their view is similar to the standard way
they are interpreted by philosophers (see, for example, Laudan 1984; and
Friedman 2001).

It is not surprising that Kuhn reacted negatively to the Strong
Programme. Indeed, the way Kuhn reacted is similar to the way many
philosophers did and still do react to the Strong Programme. The pro-
ponents of the Strong Programme openly embrace a form of relativism
that is thought to threaten the epistemic authority of science (see Pinch
and Bijker 1984, 401)." Like most philosophers, Kuhn was not interested
in threatening the epistemic authority of science and scientists. In fact,
Kuhn was, if anything, an apologist for science (see Fuller 2000; Barnes
2003, 135). He took for granted the success of science.

It is worth mentioning that Kuhn was not opposed to the sociology of
science in principle. In fact, in his 1969 “Postscript” to Structure Kuhn
discusses the need for sociological studies of science as we seek to under-
stand the nature of the “community structure of science,” approvingly
citing the work of a variety of sociologists, including Warren Hagstrom,
Price and Beaver, Diana Crane, and Nicholas Mullins (Kuhn 1969/1996,
176n. 5). And in the Preface to Essential Tension, Kuhn describes his own

" Steve Shapin (1992) notes that Marxist external histories of science were “widely seen as ...
aggressive attempt[s] to devalue science” (339). Philosophers of science have tended to assume
that the proponents of the Strong Programme had similar motives, thus leading many philoso-
phers to regard “the rational” and “the social” as a legitimate contrast, where the latter threatens
the former. This, though, is not Kuhn’s concern with the Strong Programme.
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work as “deeply sociological” (1977a, xx; see also Pinch 1979, 439).” But
he qualifies this claim about the sociological nature of his work with the
following remark: it is sociological but “not in a way that permits that
subject to be separated from epistemology” (19772, xx).” Hence, Kuhn’s
concerns with the studies of the Strong Programme were not motivated
by an animosity toward or an aversion to sociological studies of science
in general.* Nor were his concerns motivated by an animosity toward
externalist histories of science. In fact, Kuhn explicitly endorses exter-
nalist histories of science, regarding such studies as complementary to,
rather than competing with, internalist histories (see Kuhn 1968/1977,
119—20). Kuhn’s reaction against the Strong Programme was due to the
general view of science that seemed to emerge from their studies, a view
that seemed to leave no role for nature in the process. Indeed, this same
complaint has been raised by Stephen Cole (1992) against constructionist
sociologists of science in general. As Cole explains, social constructionists
claim “that nature or ‘truth’ is irrelevant in determining what comes to
be accepted as scientific ‘fact’”” (Cole 1992, 136). Cole, it is worth noting,
was a former student of Merton’s.”

Trevor Pinch (1982/1997) offers a different way to characterize this
concern that Kuhn raises about the research of the Strong Programme.
Speaking as one who is part of the group Cole refers to as construction-
ist sociologists, Pinch explains that “it makes little sense to break scien-
tific activity down into its constituent social and cognitive parts” (473).
Indeed, this resistance to distinguishing between the social, on the one
hand, and the cognitive, on the other, is central to contemporary work in

= In his critical review of the second edition of Structure, Alan Musgrave (1971/1980) takes issue
with the sort of sociology of science that Kuhn appeals to in an effort to isolate scientific com-
munities. Musgrave claims that such sociologists fail to take account of the scientific content of
the published articles they use to determine the membership of specific scientific research com-
munities (40—41). It is interesting that this complaint was raised, given that philosophers seemed
even more enraged by the proponents of the Strong Programme, sociologists who consciously
sought to scrutinize the content of science.

It is interesting to note that Reichenbach (1938/2006) begins Experience and Prediction by claim-

ing that “epistemology [in its descriptive task] forms a part of sociology” (3).

By the time Kuhn published Black-Body Theory and the Quantum Discontinuity, 1894—1912 in
1978, many sociologists had come to believe that Kuhn had reneged on his earlier commit-
ment to take the social dimensions of science seriously. Pinch (1979) explains that, given Kuhn’s
account of the early days of this revolution in modern physics, it seems that he came to believe
that “the social dimension is only important in the dissemination of the new ideas; the physics
itself is immune to social factors” (439). Pinch thus thought Kuhn had changed his view since
the publication of Structure. To Pinch, this suggests that “the net result of Kuhn’s [change of
view] is to maintain the division of labor whereby philosophers of science determine the criteria
of good science and sociologists study scientists’ use of and deviations from such criteria” (440).

5 1 discuss Kuhn’s relationship to constructionism in detail in chapter 9.
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sociology of science. And it is, no doubt, part of the reason why philoso-
phers misunderstand such work.

As the Strong Programme gained momentum, Kuhn began to
rethink his philosophy of science. Although Kuhn believed that the
Strong Programme’s studies deepen our understanding of scientific con-
troversies, he thought that “their net effect, at least from a philosoph-
ical perspective, [had] been to deepen rather than to eliminate the very
difficulty they were intended to resolve” (Kuhn 1992/2000, 109). That
is, there was still no clear understanding about what brings disputes in
science to a close.

Kuhn does recognize that there are important similarities between his
own view and the view of the Strong Programme. He claims that both he
and the proponents of the Strong Programme believe that “facts are not
prior to conclusions drawn from them, and those conclusions [or theories]
cannot claim truth” (Kuhn 1992/2000, 115). But he believes that they part
company when it comes to explaining what fills the gap between data and
hypotheses. He objects to their “replacing evidence and reason by power
and interest” (116).

KUHN’S NEW INSIGHT FROM HISTORY

Kuhn came to believe that he and the other philosophers who took the
historical turn “overemphasized the empirical aspect of [their] enter-
prise” (Kuhn 19912/2000, 95). Rather than treating the history of science
as a body of data from which to construct a philosophy of science, he
came to believe that the key insight that philosophers of science could
gain from the history of science is a particular perspective on science
(Kuhn 19912/2000, 95). Kuhn calls it the historical perspective, or alter-
natively, “the developmental view” of science (95). This perspective, he
claims, is the perspective that all historians bring to their subject (9s).
Kuhn believed that this perspective would give us greater insight into the
nature of science and scientific knowledge. And it was in virtue of this
perspective that he thought of his epistemology of science as an evolu-
tionary epistemology.

Whereas philosophers traditionally conceived of scientific knowledge as
a static body of belief, the historical perspective demands that we see sci-
ence as “a process already underway” (19912/2000, 95). As such, we must
recognize that scientists are always working within a tradition, begin-
ning their inquiries with a set of beliefs inherited from their predecessors.
Kuhn claims that, given this perspective on science, we need to recognize
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that scientists are concerned with the evaluation of changes of belief rather
than with the evaluations of belief.

Incidentally, even before the first generation of publications by the
Strong Programme, Kuhn began to consider the significance of this
change of perspective for the philosophy of science. In a paper presented
in 1968 in which he discusses the relationship between the history of sci-
ence and the philosophy of science Kuhn makes the following remark:

The overwhelming majority of historical work is concerned with process, with
development over time. In principle, development and change need not play a
similar role in philosophy, but in practice ... the philosopher’s view of ... sci-
ence, and thus of such questions as theory structure and theory confirmation,
would be fruitfully altered if they did. (Kuhn 1976/1977, 18)

Hence, in 1968 Kuhn had already begun to reflect on a developmental
view of science. But he did not develop this line of thought further at that
time. In fact, he did not spell out the implications of this shift until his
presidential address to the Philosophy of Science Association in 1990 and
his Rothschild Lecture the following year (see Kuhn 1991a/2000, 90—104;
1992/2000, 105—20). And because of his untimely death, the project was
never completed.

Kuhn notes three important insights that follow from the historical
perspective, insights that are contrary to the “positivist” view of science
he rejected when he initially took the historical turn.

First, given the historical perspective, Kuhn claims that “the
Archimedean platform outside of history ... is gone beyond recall”
(1992/2000, 115). Observations or data cannot and do not operate as a
foundation upon which theories are constructed. Nor can they provide
a theory-neutral basis from which to evaluate competing hypotheses (see
Kuhn 19912/2000, 95). Rather, scientists are always making evaluations
of competing theories against the background of accepted beliefs, beliefs
that may themselves come to be rejected in the future.

Second, Kuhn claims that, given the historical perspective, “compara-
tive evaluation is all there is” (1992/2000, 115). That is, when confronted
with a choice between a long-accepted theory and a new, alternative the-
ory, scientists working within a tradition can evaluate the theories only
comparatively. As a result, scientists are only ever in a position to con-
clude that one theory is better than the other.

Third, given the historical perspective, Kuhn claims that “no sense can
be made of the notion of a reality as it has ordinarily functioned in phil-
osophy of science” (1992/2000, 115). Kuhn explains that “within ... the
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previous tradition in philosophy of science, beliefs were to be evaluated
for their truth or for their probability of being true, where truth meant
something like corresponding to the real, the mind-independent external
world” (Kuhn 1992/2000, 114). Given that scientists can make only com-
parative judgments of the competing theories they have developed against
a background of accepted beliefs inherited from their predecessors, the
question of whether a particular theory mirrors reality seems misguided.

Kuhn claims that “seldom or never can one compare a newly proposed
law or theory directly with reality” (1992/2000, 114). Instead, scientists
must rely on what he calls the “secondary criteria” accuracy, scope, sim-
plicity, and consistency (114). And because judgments of theories are
comparative, scientists are judging whether a particular theory is simpler
than competitor theories, or whether a particular theory is more accur-
ate than competitor theories. But Kuhn wants us to see that there “is a
price to be paid for” this shift in perspective. After all, as he explains, “a
new body of belief could be more accurate, more consistent, broader in its
range of applicability, and also simpler without for those reasons being
any truer” than the body of beliefs it replaces (115). Hence, it makes little
sense to claim that a series of theory changes in a field are converging on
the truth.

Given the historical perspective, “justification [aims] simply ... at
improving the tools available for the job at hand” (1991a/2000, 96). It mat-
ters not whether our current background beliefs are true, for, even if they
are not, our judgments about the relative worth of competing hypotheses
can still be rational (see Kuhn 1991a/2000, 96; 1992/2000, 113).

The key to moving forward in developing a philosophy of science,
Kuhn believes, is to abandon the traditional focus on truth and a mind-
independent reality; however, Kuhn is not suggesting that “there is a real-
ity which science fails to get at” (Kuhn 1992/2000, 115)." Kuhn is not
that sort of skeptic. Rather, his point is that we can better understand the
dynamics of scientific change and the nature of scientific knowledge if we
see it as a process leading to increasing specialization. Kuhn thus claims
that “what replaces the one big mind-independent world about which sci-
entists were once said to discover the truth is the variety of niches within

¢ Kuhn’s remarks on the role of truth in science are sometimes confusing (see Kuukkanen 2007).
Insofar as the content of a theory can be expressed in propositions, Kuhn’s view is similar to
van Fraassen’s (see van Fraassen 1980). Both believe that the truth values of theoretical claims
are beyond our epistemic reach. To use David Papineau’s (1996, 5) terms, they are both skep-
tical anti-realists rather than idealist anti-realists. But their skepticism is a selective skepticism,
for both believe that science has been extremely successful at increasing our knowledge of the
observable phenomena.
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which the practitioners of the various specialties practice their trade”
(120).

Specialization is thus the means by which scientists improve their tools
for the job at hand. The success of science is achieved by the creation and
refinement of an ever-increasing number of theories and research com-
munities. Indeed, as far as Kuhn is concerned, it is the proliferation of
specialties, not a continuous unrelenting march closer to the truth, which
accounts for the increasing accuracy that we see throughout the history
of modern science. By narrowing the scope of our investigations, as spe-
cialization inevitably does, we are able to develop conceptual tools that
better enable us to manipulate the world in predictable ways. This focus
on increasing specialization as the end of inquiry complements Kuhn’s
(1992/1996, 170—73) insight that science is a process pushed from behind
rather than aiming at a goal set by nature in advance, a claim we will look
at in greater detail in chapter 6. And we will look at Kuhn’s account of
specialty formation in more detail in chapter 7.7

Kuhn’s proposal leads to a profoundly different understanding of the
goal of science from that which many philosophers have traditionally
assumed in their studies of science. Developing unifying theories has long
been regarded as one of the greatest achievements of science. And this goal
is intimately tied to the views that (1) scientific knowledge is cumulative,
and (2) successive theories in a field are converging on the truth. Kuhn’s
emphasis on specialization reminds us that in the real world of science
scientists must often narrow the scope of their theories in their efforts
to realize their epistemic goals. Such a view is hard to reconcile with the
cumulative and convergent accounts of scientific knowledge. Thus, if we
take Kuhn’s proposed shift in perspective seriously it will change our view
of the nature of science and scientific knowledge profoundly. Scientific
knowledge is in some sense a local knowledge.

I want to briefly address an objection that I anticipate to Kuhn’s claim
that the increasing predictive accuracy is a consequent of specialization
rather than scientists developing theories that are closer to the truth
than the theories that preceded them. One might suggest that, contrary
to what Kuhn claims, specialization aids scientists in developing more
accurate theories because specialization is the means by which scientists
develop theories that are apt to be true. Hence, we need not explain the

7 Even when Kuhn wrote the Postscript to the second edition of Structure, he already suggested
that specialization was the key to understanding why more recently developed theories are more
accurate than older theories (see Kuhn 1969/1996, 205-06).
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increasing predictive success in terms of either specialization or scientists
developing theories that are closer to the truth.

There are two problems with this line of reasoning. First, the theories
scientists develop in various specialties are not consistent with each other.
Indeed, new specialties are often created because the lexicon used to model
one set of phenomena is unsuited to model another set of phenomena.
This claim is discussed and defended in chapter 7, where I examine the
creation of two new specialties in some detail, specifically, virology and
endocrinology. Given the discrepancies between the lexicons employed
in neighboring scientific specialties, we have little reason to believe that
the various scientific lexicons can be unified into one true account of the
world. Second, as Kuhn has noted, even in a single field that has under-
gone a series of changes in theory, there is little evidence that there is a
convergence in ontologies. Kuhn gives the example of the transition from
Aristotle’s mechanics, to Newton’s mechanics, to Einstein’s general theory
of relativity (see Kuhn 1969/1996, 206—07). Although Kuhn is confident
that scientists have increased their knowledge of observables, he doubts
that scientists have achieved a similar success with respect to knowledge
of unobservable entities and processes.

In conclusion, the historical turn in the philosophy of science had a
profound impact on the field. But philosophers slowly realized that it was
far from clear what lessons they either should or legitimately could draw
from the history of science. And with the publication of the historical
studies of the Strong Programme philosophers developed an ambiva-
lent attitude toward the history of science. The research of the Strong
Programme rightly drew attention to the contingencies that affect scien-
tists as they work in their labs and make sense of the data they have before
them. But, like many philosophers, Kuhn was not satisfied with the view
of science developed by the proponents of the Strong Programme. He
was especially concerned about the skepticism that seemed to follow from
their focused studies of the contingencies that affect scientists in their
research, for example, power and interests. These contingencies, Kuhn
believed, had no epistemic significance.

Kuhn never questioned the success of science. In his efforts to account
for the success of science and to develop an epistemology of science Kuhn
proposed a shift in perspective, one inspired by his study of history. The
historical perspective recognizes that scientists always work within a trad-
ition of accepted beliefs. And scientists advance their epistemic goals in
specialist communities, communities that employ and develop concepts
and instruments specially designed to advance their rather local goals.
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Further, the evaluations scientists make concern changes of belief, which
are comparative judgments. Hence, the traditional focus on truth in phil-
osophy of science is misguided.

A final brief remark is in order about the following question: how are
disputes in science resolved? Kuhn believes that when there is disagree-
ment in a research community subjective factors ensure that the research
efforts of the community are divided in such a way that the competing
theories are developed. In time, as the theories are refined, their strengths
and weaknesses are exposed. In this way, such disputes are resolved on the
basis of a consideration of the epistemic merits of the competing theor-
ies. In chapter 9, there is a more complete and detailed discussion of this
important issue.



CHAPTER 6

Truth and the end of scientific inquiry

Right from the beginning, that is, from the publication of Structure,
Kuhn’s epistemology of science was an evolutionary epistemology of sorts.
What changed over time was the extent to which his epistemology was an
evolutionary epistemology. Later in his life, the evolutionary dimensions
of his epistemology were extended and developed. Scientific change, he
came to believe, was even more like evolutionary change than he had ini-
tially thought.

Kuhn first compares scientific change to evolutionary change in the
final pages of Structure. There, Kuhn (1962a/1996) challenges the com-
mon assumption that science is moving toward a fixed goal set by nature.
Instead, he claims that science is like evolution, pushed from behind.
Kuhn claims that this change in perspective, that is, seeing that science is
not moving toward a goal fixed by nature in advance, is the key to under-
standing the nature and dynamics of scientific change.

I have two aims in this chapter. First, I aim to defend the claim that
in some important sense science has no fixed goal. Thus, I aim to defend
Kuhn’s radical claim about the end of scientific inquiry. I argue that
experimental findings do not constrain scientists’ theorizing to the extent
that many philosophers assume. Experimental results are not fixed, once
and for all. Rather, the significance of experimental results is subject to
change over time. Consequently, the goal of science is not aptly described
as fixed in advance. Further, what data can and should be accounted
for by a particular theory is something that is not determined by nature
either in advance or once and for all. Indeed, we will see that scientific
observation and measurement are also more complicated processes than
philosophers traditionally assume.

Second, I aim to explain how Kuhn’s evolutionary perspective on sci-
entific change can enhance our understanding of the process. There are,
as we will see, unsettling consequences that follow once we adopt Kuhn’s
evolutionary perspective. This is one reason philosophers of science have

I01
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been reticent to adopt Kuhn’s evolutionary perspective. Kuhn’s evolution-
ary perspective has affinities with the perspective many contemporary
sociologists of science adopt in their studies of science. But there are sig-
nificant differences between Kuhn’s view and the views of many sociolo-
gists of science. We saw this in the last chapter, and, as we will see further
in chapter 9, as Kuhn developed his view he consciously sought to distin-
guish it from the views of sociologists of science, and especially the view
of the proponents of the Strong Programme in the Sociology of Scientific
Knowledge.

KUHN’S ACCOUNT OF THE END OF SCIENCE

In the final pages of Structure, Kuhn compares scientific change to evo-
lutionary change and argues that, like evolutionary change, the develop-
ment of science lacks a goal or zelos. Instead, Kuhn sees the development
of science as “a process of evolution from primitive beginnings — a pro-
cess whose successive stages are characterized by an increasingly detailed
and refined understanding of nature” (Kuhn 1962a/1996, 170; emphasis
in original). Consequently, Kuhn claims, we must “relinquish the notion
... that changes of paradigm [that is, changes of theory] carry scientists
... closer to the truth” (Kuhn 1962a/1996, 170). In fact, he claims that the
development of science is not “a process of evolution foward anything”
(Kuhn 1962a/1996, 170—71; emphasis in original). In particular, he empha-
sizes that science does not draw “constantly nearer to some goal set by
nature in advance” (Kuhn 1962a/1996, 171). Importantly, though, Kuhn
does recognize that scientists are developing an increasingly detailed and
refined understanding of nature (170).

Kuhn recognizes that he is presenting a view of scientific change that
is contrary to the view commonly held by philosophers; however, he
believes that the traditional account of the end of science, the appeal to
truth, offers little insight into the nature of science and scientific change.
He asks rhetorically: “does it really help to imagine that there is some
one full, objective, true account of nature and that the proper measure
of scientific achievement is the extent to which it brings us closer to that
ultimate goal?” (Kuhn 1962a/1996, 171) Thus, Kuhn offers his evolution-
ary perspective as a means to developing a better understanding of the
dynamics of scientific change. The traditional view, the truth-directed
view, he suggests, is actually quite empty.

Kuhn anticipated that his proposed change of perspective would
encounter resistance. In fact, he noted an interesting similarity between the
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reception of his account of scientific change and the reception of Darwin’s
theory of evolutionary change. Kuhn rightly noted that Darwin’s theory
of evolution by natural selection met with the greatest resistance on the
issue of the elimination of teleology (Kuhn 19622a/1996, 171-72). Darwin’s
claim that species have evolved, on the other hand, encountered little resist-
ance (in this regard, see Hull ez a/. 1978). Similarly, Kuhn expected that
his account of scientific change would meet with resistance because of his
suggestion that science has no zelos (Kuhn 1962a/1996, 171).’

As Kuhn encountered criticism, he attempted to clarify his view of sci-
entific inquiry. In fact, some have even suggested that as he clarified his
account of scientific change, modifying it to address the concerns of his
critics, he retracted the more interesting and controversial aspects of the
account (see Fuller 2000, xii and 3). But Kuhn remained committed to
this evolutionary analogy to the end (see Kuhn 2000). Indeed, as we saw
in the previous chapter, Kuhn continued to invest more in developing his
evolutionary perspective on science, identifying additional ways in which
scientific change is like evolutionary change.”

Kuhn, though, did recognize that the evolutionary analogy can be
taken too far. But even in Structure he notes two additional ways in which
scientific change resembles evolutionary change: (1) in the biological
world, it is the fittest competitor that survives; similarly, in a scientific
dispute it is the fittest competitor that survives; and (2) just as biological
evolution gives rise to a greater variety of species, scientific development
leads to a greater variety of scientific specialties (Kuhn 1962a/1996, 172).)

Hull ez al. (1978) tested the hypothesis that older scientists are resistant to new theories by exam-
ining the reception of Darwin’s theory of evolution in Britain. Interestingly, what Hull ez /.
(1978) tested was whether older scientists were less likely than younger scientists to accept the
claim that species evolve, not Darwin’s claim about the mechanism responsible for evolution, naz-
ural selection. Rightly, as Kuhn notes, natural selection, which denies that evolution has a zelos,
was not so readily accepted, even by those scientists prepared to accept that species evolve.
Incidentally, as George Reisch (1991) has noted, Rudolf Carnap was intrigued by this dimen-
sion of Kuhn’s account of theory change when he read about it in Kuhn’s manuscript for the
International Encyclopedia of Unified Science, that is, in the manuscript of Szructure. In his cap-
acity as associate editor for the Encyclopedia, Carnap explains in a letter to Kuhn that “you
emphasize that the development of theories is not directed toward the perfect true theory, but is
a process of improvement of an instrument. In my own work on inductive logic in recent years I
have come to a similar idea” (reprinted in Reisch 1991, 267).

Comparisons between evolutionary change and scientific change are common. Variations of
(1), above, are developed by Ernst Mach (1896/1986, chapter 25); Karl Popper (1963, 1975/1981);
Stephen Toulmin (1972); Bas C. van Fraassen (1980); David Hull (1988); and Ronald Giere (1999).
It is difficult to determine the extent to which scientific change is like evolutionary change, and
there is even some disagreement about Kuhn’s view on the similarities between the two processes
(compare Renzi 2009 with Reydon and Hoyningen-Huene 2010).

N
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TWO EVOLUTIONARY MODELS CONSIDERED

Alexander Bird (2000) takes issue with Kuhn’s claim that science does not
have a fixed goal. Bird is motivated by the desire to defend the traditional
view that successive changes in theory are aptly described as bringing us
closer to the truth. As far as Bird is concerned, the success of our current
theories is explained by the fact that we are getting increasingly closer to
the truth. Bird is not alone in taking issue with Kuhn’s biological meta-
phors (see Weinberg 1998; Renzi 2009; see also Reydon and Hoyningen-
Huene 2010 for a critical discussion of Renzi 2009).

Bird does grant that scientific change is like evolutionary change in
some respects. Specifically, he grants that “the proliferation of scientific
fields bears a resemblance to speciation ... [and] Kuhn’s picture of nor-
mal science interrupted by revolutions might be compared to the model
of punctuated equilibria” (Bird 2000, 212). But he argues that the evolu-
tionary analogy does not serve Kuhn’s purpose of “denying that theories
get closer to the truth” (Bird 2000, 212). Bird thus defends the traditional
view of the end of inquiry, the view that has informed much philosophy
of science.

In his effort to defend the traditional view, Bird compares two models
of evolutionary change. The first model, the two-species model, involves
two species evolving in competition and in reaction to each other. The
second model, the one-species model, involves just one species evolving
in a relatively fixed or stable environment. Bird argues that although the
two-species model would support Kuhn’s claim that science does not
move toward a fixed goal, scientific change is more like the process of
change represented by the one-species model. Consequently, Bird argues
that insofar as scientific change is like evolutionary change, the process is
similar to the process of evolution in the one-species model, a model that
supports the traditional view.

Consider the differences between the two models. The two-evolving-
species model involves a predator, like the cheetah, and one of its prin-
cipal food sources, the gazelle (Bird 2000, 211-13). Natural selection is
responsible for the fact that, on average, contemporary cheetahs run
faster than earlier cheetahs. In the past, slower cheetahs had a more difh-
cult time getting sufficient food than faster cheetahs with the result that
faster cheetahs tended to live longer, and consequently tended to produce
more offspring. Because cheetahs have passed this advantage on to their
offspring, we encounter a much faster cheetah today than our ancestors
encountered many generations earlier. But as Bird notes, the gazelle is
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also subject to selection pressures. Consequently, over the course of many
generations, gazelles also run increasingly faster. Indeed, one of the rea-
sons that contemporary cheetahs run as fast as they do is that gazelles
have been increasing in speed. Similarly, one of the reasons that gazelles
run as fast as they do is that cheetahs have been increasing in speed. And
because cheetahs tend to catch slower gazelles, they have inadvertently
contributed to the fact that contemporary gazelles now run faster than
their predecessors.

The one-evolving-species model involves an animal like the giraffe
evolving in a relatively fixed environment. According to Bird, natural
selection is responsible for the fact that giraffes are taller now than they
were many generations earlier. Taller giraffes have survival advantages
over shorter giraffes other things being equal, for taller giraffes are able to
access a greater range of edible leaves, many of which are unreachable to
both shorter animals of other species and shorter giraffes. Because of their
access to these food sources, taller giraffes tend to live longer than shorter
giraffes, and consequently produce more offspring, with the result that
the members of the species are on average taller now than they were many
generations earlier. Optimally, the giraffe will reach a height suited to the
height of the trees in its environment, which we have assumed is relatively
stable. At that point, there will no longer be pressures or inducements for
the giraffe to grow taller.

These two models of evolutionary change differ significantly in one
important respect. Bird explains that “in the one-species scenario the test
remains constant over time ... but in the two-species scenario the dif-
ficulty of the tests changes” (Bird 2000, 212). That is, whereas the resz
the giraffe encounters remains the same, the zests the cheetah encoun-
ters are increasingly difficult because “the gazelles are getting faster over
time” (212). Indeed, as Bird notes, the gazelles are not only getting faster,
they “are getting faster because the cheetahs are improving in speed” (212;
emphasis in original). The cheetah’s previous success caused the gazelles
to get faster. Thus, whereas the giraffe has a fixed goal toward which it
evolves, the cheetah is evolving toward a moving target.

Bird argues that the one-species model provides a “more accurate analogy
for scientific development” (Bird 2000, 212). He claims that “the results of
experimental tests do not change. A good experiment is one that is replic-
able; it gives the same results whenever performed” (212). Elaborating, Bird
claims that “experimental tests do not change in a way that makes it more
difficult for a theory to pass them, and even less do they do so because
the theory is developing” (213). Hence, Bird concludes that the one-species
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model is superior because it “captures the idea that in science our theories
may change but the features of the world that they respond to are what
they are independently of our theories, and are by and large constant over
time” (213; emphasis added). Further, Bird believes that just as the giraffe
can “reach an optimal ‘fit’ with its (fixed) environment ... a theory can
reach a [sic] optimal fit with the world, and this would be a true represen-
tation of it, since only true theories cannot be falsified” (213).

In summary, Bird objects to Kuhn’s claim that science does not have a
fixed goal for two reasons. First, Bird believes that the results of experi-
mental tests in science are stable and unchanging. This claim concerns the
extent to which observations are theory-laden. As far as Bird is concerned,
Kuhn has exaggerated the theory-ladenness of observations. Second, Bird
believes that the features of the world scientists seek to model are stable
and more or less unchanging. They are not affected by our theorizing,
because they are mind-independent. This latter claim I will refer to as
the “independence claim.” Bird insists that the world is more ready-made
than Kuhn suggests.

Given that scientists have a fixed goal in both of these senses, Bird
believes that successive theories in the history of a particular scientific
field are aptly described as getting closer to the truth. He thus defends
convergent realism. Bird thus advises us to resist the shift in perspective
that Kuhn recommends.

EXPERIMENTAL RESULTS AND
OBSERVATION RECONSIDERED

In the remainder of this chapter I defend Kuhn’s claim that scientific
change is better understood as a process moving from primitive begin-
nings rather than as a process moving toward a goal set by nature in
advance. First, though, it must be shown that Bird is mistaken in claim-
ing that science has a fixed goal. In this section my aim is to show that
experimental results are less stable than Bird claims, and thus incapable
of providing the sort of fixed goal that Bird seeks. Then I want to briefly
examine observation and measurement and their role in science. I aim to
show that both observation and measurement are far more complex proc-
esses than Bird implies.

One of the principal reasons that Bird believes that scientists have a
goal set by nature in advance is that the results of experiments are so sta-
ble. It is in this respect that scientists are alleged to be more like giraffes
growing to an optimal height which is determined in advance by their
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fixed environment, rather than like cheetahs that are continuously under
pressure to change because their target, the gazelle, is changing. I aim to
show that Bird exaggerates the stability of experimental results.

Bird regards the stability of experimental findings as evidence that sci-
entists have a fixed goal. But, contrary to what Bird suggests, the stability
of experimental results is not sufficient to fix the goal of scientists. After all,
even though the resuls of a particular experiment may be stable and unchan-
ging, the significance of the results, the bearing the results have on a dispute in
science, are not fixed and unchanging. Hence, the same experimental results
can, at one time, threaten to refute a hypothesis, and yet, at another time, be
deemed irrelevant to either the confirmation or the refutation of a hypoth-
esis. Consequently, contrary to what Bird implies, the results of experimental
tests do not provide unequivocal constraints on scientists” theorizing. Hence,
they do not fix the goal of science once and for all.

Disputes in science sometimes involve disagreements about what counts
as a significant experimental result. Thus, a scientist can accept that a par-
ticular experimental test yields a specific result and yet still legitimately
deny that the result is significant. This type of situation occurred in the
debate about buoyancy between Galileo and his adversaries who sought
to defend Aristotle’s theory of buoyancy (see Drake 1970; Biagioli 1993).
Galileo maintained that “the diversity of shapes given to this or that solid
cannot in any way be the cause of its absolute sinking or floating” (Galilei
1612/2008, 85). That is, the shape of a body does not affect its buoyancy.
Rather, according to Galileo, “all that shape influenced was the speed at
which the body would sink or surface in the medium” (Biagioli 1993, 171;
emphasis added; see also Galilei 1960, 33). But one of Galileo’s adversaries,
Ludovico delle Colombe, produced

a powerful experiment which seemed to refute Galileo’s views on buoyancy ...
[He] showed that a sphere of ebony (a material with a specific weight super-
ior to that of water) placed in water would sink, while a thin piece of the same
material [weighing the same as the sphere] would remain afloat. From this he
concluded that ... buoyancy ... depended upon shape. (Biagioli 1993, 171-72;
see also Galilei 1960, 28)

Galileo’s response to this experiment is revealing. He did not deny e
results of his adversary’s experiment (Galilei 1960, 26—4s). Rather, Galileo
denied the significance of the observation (Biagioli 1993, 173). He did this
by qualifying or clarifying the intended scope of his theory of buoyancy.
Galileo restricted the scope of his theory in a manner that rendered his
adversary’s experimental results irrelevant to his hypothesis about the
relation between the shape of an object and its buoyancy.
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First, he insisted upon a distinction between the behavior of bodies
in water and the behavior of bodies on the water’s surface. Galileo then
claimed that his theory of buoyancy was intended to apply to bodies 77 a
medium only, not to bodies o7 the surface of water (Galilei 1612/1960, 32;
see also Biagioli 1993, 173). According to Galileo:

[T]o be in the water means to be placed in the water; and by Aristotle’s own
definition of place, to be placed implies to be surrounded by the surface of the
ambient body; therefore the two shapes shall be in the water when the surface of
the water shall embrace and surround them. But when my adversaries show the
board of ebony not descending to the bottom, they put it not into the water but
upon the water; there ... it is surrounded part by water and part by air. (Galilei
1612/2008, 92)

This distinction between being in water and on the water’s surface enabled
Galileo to set aside his adversary’s alleged refutation of his hypothesis.
And he was able to do so in a principled way. He insisted that the body
resting on the water’s surface was in fact in two mediums, the water and
the surrounding air. Galileo thus rendered his adversary’s experimental
result irrelevant even though the result remained unchanged. Thin ebony
boards placed on water do in fact float, as delle Colombe demonstrated.
The ebony experiment seems to have had a profound impact on Galileo’s
understanding of buoyancy. It was only after the ebony test was brought
to his attention that Galileo was able to develop one of his more compel-
ling arguments for his hypothesis that the shape of an object immersed in
water does not affect whether it will sink or float. The argument is a redic-
tio ad absurdum of his opponents’ hypothesis that the shape of an object
determines whether it floats or sinks in water. Galileo explains that:

[T]he plate of ebony and the ball, put into the water, both sink, but the ball
more swiftly and the plate more slowly, and slower and slower according as it
is broader and thinner; and the true cause of this slowness is the breadth of the
shape. But these plates that descend slowly are the same that float when put
lightly upon the water. Therefore, if what my adversaries afirm were true, the
same identical shape in the same identical water would cause sometimes rest
and other times slowness of motion. This is impossible ... Therefore, it must
be something else, and not the shape, that keeps the plate of ebony above the
water; the only effect of the shape is the retardation of the motion. (Galilei
1612/2008, 92—93)

This example shows that Bird is mistaken in claiming that experimen-
tal results provide a fixed goal for scientists, in the same way that the
height of a tree provides a fixed goal for the giraffe. Granted, the results
of the ebony experiment do not change. Thin ebony boards placed on the
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water’s surface continue to float and ebony spheres continue to sink. In
this sense, the phenomena are aptly described as fixed.

But the significance of the experimental results is not stable and unchan-
ging. Hence, the implications of a thin floating ebony board placed on
the surface of the water is indeterminate to some degree. If Galileo’s
hypothesis is understood to apply to both things iz water and things oz
the surface of water, then the experimental result will refute his hypoth-
esis. If, however, his hypothesis is merely about things iz water then the
experimental result is irrelevant as it concerns bodies oz water. Thus, if
the scope of his hypothesis is narrowed, then the experimental result is
irrelevant. The significance of a particular experimental result thus varies
depending upon how a hypothesis or theory is understood. And modify-
ing a theory or hypothesis can change the significance of results.

It is important to recognize that Galileo’s response to his adversary’s
experiment was neither deviant nor unscientific. Altering one’s theory in
light of new experimental results is a normal part of doing science.

Given the dynamic nature of experimental results illustrated here, it
seems that there is a sense in which scientists have a moving target, con-
trary to what Bird would have us believe. One cannot know once and for
all which experimental results need to be accounted for by any viable the-
ory. Rather, as one develops one’s theory, one may redefine which results
matter.

The point here is not merely that observation is theory-laden. Even
when observations remain fixed and can be described in a theory-neu-
tral way, the significance that particular observations have in a dispute
will depend upon what scientists purport to explain with their theories.
Galileo 7ay not have given much consideration to the distinction between
bodies in water and bodies on the surface of water until his adversary
produced the ebony experiment. He may even have assumed that his the-
ory could apply to both sets of phenomena. And, once confronted with
the experiment, he was not compelled by either logic or nature to sub-
sume the phenomenon under the same theory that explains the behavior
of bodies in water. He could legitimately narrow the scope of his theory of
buoyancy and regard the anomaly as a phenomenon to be explained by a
different theory. Determining the proper scope of a scientific theory is a
difficult matter, one that scientists must sometimes face in disputes with
their adversaries.*

+ In chapter 7 we see how the discovery of hormones in the early 1900s affected physiologists’
assumptions about the scope of their models and theories.
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Nor is my point Quine’s point that a hypothesis can be saved come
what may. Indeed, Galileo did save his hypothesis by restricting its scope
to bodies in water. But earnest scientists can be genuinely uncertain about
what is entailed by their hypotheses. And confronting challenges can
assist a scientist in clarifying what she means to claim. Too often phil-
osophers assume that the implications of a theory are transparent to the
scientists working with it. Philosophers too often assume that scientific
theories can be expressed in axioms and their contents can be deduced
from the axioms. Such an assumption, though, is at odds with the real
world of science, where theories are developed and refined in response to
new data and criticism.

Recall Kuhn’s theory of scientific discovery, briefly discussed in chap-
ter 3, above (1962b/1977). According to Kuhn, scientific discoveries are
not psychological events in the minds of scientists involving the recog-
nition of some aspect of the world that had hitherto eluded our atten-
tion. Rather, discoveries are complex, convoluted affairs that unfold over
time. They are met with resistance, and they have to be worked out. It is
often only after the fact that an event can be described as #he discovery.
And sometimes, as in the case of the discovery of oxygen, it can remain
unclear exactly when the discovery occurred. In such cases, often the best
we can do is to identify a window of time outside of which it is clear that
the discovery did not occur.

Kuhn is not alone, even among philosophers, in noting the instabil-
ity of the significance of data. Helen Longino (1990) makes a similar
point, arguing that “in the absence of [background] beliefs no state of
affairs will be taken as evidence of any other” (44). Because scientists
working on the same research topic or on the same issue often share
the same background assumptions, they often do not take note of the
role played by background assumptions in stabilizing the significance
of data. But two scientists working from different background assump-
tions may be led to different conclusions about the significance of a
particular experiment. Moreover, each can justify her own interpret-
ation, provided each is granted the background assumptions she has
brought to her inquiry. Bird’s argument for the stability of experimen-
tal results seems to have no regard for the fact that the significance
of such results is indeterminable when separated from background
assumptions. Background assumptions play an indispensable role in
scientific reasoning.

It is worth emphasizing that it is not just experimental results that are
malleable. Even in scientific fields where experiments are uncommon,



Experimental results and observation reconsidered 111

scientists must learn to make judgments about how to classify the phe-
nomena. And these judgments are always subject to revisions. The world
does not come ready-made or packaged into clearly defined kinds. Hence,
observation itself is negotiated to some extent.

In a recent article, Lorraine Daston (2008) discusses the challenges
scientists encountered as they tried to develop a uniform set of classifi-
cations for describing clouds. The efforts of nineteenth-century meteor-
ologists culminated in the production of 7he International Cloud Atlas,
which “was meant to make clear-cut scientific objects out of evanescent,
protean clouds by teaching observers all over the world ... to see things
in unison” (104). Observation in science is not a straightforward affair.
Rather, as Daston explains:

[S]cientific perception — especially when elevated to the level of systematic obser-
vation, often in carefully designed setups — is disciplined in every sense of the
word: instilled by education and practice, checked and cross-checked both by
other observers and with other instruments, communicated in forms — texts,
images, tables — designed by and for a scientific collective over decades and
sometimes centuries. (2008, 102)

Thus, the world of science is far less stable than Bird claims. Even obser-
vations, at least the sorts of observations that scientists work with, are
more malleable than Bird has led us to believe.

Kuhn also suggests that even measurement is a more complex process
than is generally recognized. He argues that sometimes measurement
yields results that support a theory only when scientists assume the the-
ory in question. For example, Kuhn claims that chemists only learned
“how to perform quantitative analyses that displayed multiple propor-
tions,” the sort of results needed to support Dalton’s law of multiple
proportions, when they let “Dalton’s theory lead them” (1961/1977, 196).
Philosophers generally assume that measurement is a straightforward
exercise, and thus capable of functioning as an impartial arbiter between
competing theories. Kuhn gives us reason to challenge this assumption.
Measurement is a complex activity, sustained by a research community’s
norms and standards, and shaped by the expectations one brings to the
exercise.

Thus, we can see that the experimental results, observations, and meas-
urements that scientists seek to account for with their theories are not
unchanging and stable. Experimental results, observations, and measure-
ments, once collected, do not provide unequivocal constraints on the the-
ories scientists develop. Granting this, though, does not pose as great a
threat to science as Bird seems to think.
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I think that some of Bird’s concerns with Kuhn’s view are based
on a mistaken understanding of Kuhn’s claim that the goal of science
is not fixed. Contrary to what Bird suggests, Kuhn does not deny the
“independence claim,” the claim that the fearures of the world which
our theories respond to are what they are independent of our theories.
Some clarification is in order here. Kuhn does not believe that the Earth
changed its behavior or position in the solar system when early modern
astronomers changed theories. Rather, early modern astronomers saw the
errors of their predecessors. Similarly, Kuhn does not believe that tectonic
plates were created in the mid 1960s with the acceptance of the theory
describing their effects on the Earth’s surface. Thus, even though Kuhn
believes that the significance of experimental results is subject to change
as theories change, he does not believe that the features of the world that
our theories aim to model are subject to change as we change theories.
Kuhn insists that the mind-independent world constrains what scientists
can say about it (see Hoyningen-Huene 1989/1993, 33—34). What Kuhn
does claim, though, is that when we change theories we often attend to
different mind-independent features of the world. Thus, before and after
a revolution in science, the scientists working in a particular field do not
attend to the same features of the world. We will examine this dimension
of Kuhn'’s view in greater detail in chapter 9.

In summary, the considerations raised above suggest that Bird’s two-
species model provides a more accurate model of the process of scientific
change than his one-species model. But I believe that neither model cap-
tures Kuhn’s view. Both models assume that there is some target toward
which science is aiming. In the one-species model the giraffe aims for the
optimal height, a target fixed by the height of the trees, and in the two-
species model the cheetah aims to be faster than the gazelle, a target that
moves. In developing the evolutionary analogy Kuhn’s point is to show
that the process of scientific change is best understood as a process that
does not move toward any goal at all. Rather, Kuhn insists that, like the
process of evolution by natural selection, scientific change is a process
that is best conceptualized as driven from behind.

5 There are additional problems with Bird’s two models. First, the one-species model is in fact a
two-species model, for the trees that function as the goal of the giraffes are a biological kind,
and thus subject to change. I do, though, understand Bird’s point. He appeals to the one-species
model as an idealization. Second, the two-species model is far too simplistic insofar as there is
only one changing variable, speed. This gives us the false impression that there is a single direc-
tion to the changes in biological evolution. Bird would certainly like us to think that there is a
single direction in which the changes in science are headed. But Kuhn’s intention is to challenge
this assumption. In chapter 9, we see that there is reason to follow Kuhn. New theories often
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THE KUHNIAN PERSPECTIVE ON SCIENCE

In this section, I want to examine what can be gained from adopting
Kuhn’s perspective on scientific change, that is, the perspective that
sees scientific change as a process from primitive beginnings rather than
as a process foward a goal set by nature in advance. Further, I want to
re-examine the popular assumption that motivates Bird’s criticism of
Kuhn, the assumption that later theories are generally closer to the truth
than earlier theories.

Let us consider what can be gained from seeing scientific change from
an evolutionary perspective, as Kuhn suggests. Rather than aiming for
a goal set by nature in advance, Kuhn wants us to see that scientists’
research agendas are set by their predecessors and peers. The problems
that scientists are expected to address are defined by the work of their
predecessors and peers (see also Toulmin 1972, 148). The concepts, instru-
ments, and models with which they approach these problems are supplied
by their predecessors and peers. And the data that scientists are expected
to account for when developing their theories are determined by the pre-
vious developments in the field. Even the justification of or warrant for
a change in theory is grounded in the past. It is because a new theory
can resolve an anomaly that arose out of the previous normal scientific
research that it comes to replace its predecessor.® In this respect, science
is very backward looking. Caution is in order here. The term “backward
looking” is not intended to imply something pejorative. Instead, the
term is meant to acknowledge the tradition-bound nature of science, a
theme explored in the previous chapter and further in the final part of
the book.

The significance that past standards, concepts, and accomplishments
have for later developments in science can be seen in any episode in the
history of science. For example, when Newton was developing his phys-
ical theory he was not concerned with many of the goals of the physicists
who followed him. He did not, for example, consider particles moving
at the speed of light. Newton did not even conceive of such phenom-
ena. Rather his concerns were continuous with the concerns of his

introduce changes in what scientists seek to model. In this way, the goals in a scientific field can
be subject to quite complex changes that are not aptly described as heading in a single direction.

¢ Stephen Toulmin makes a similar point. He claims that “later models and concepts owe their
legitimacy to having resolved problems for which earlier models and concepts were inadequate”
(Toulmin 1972, 149).
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predecessors: understanding the behavior of falling bodies, pendulums,
motion propagated through fluids, projectiles, and orbiting planets and
satellites (see Newton 1726/1999).

This is as we should expect, for, as Kuhn explains, “the extent of the
innovation that any individual [scientist] can produce is necessarily lim-
ited, for each individual must employ in his research the tools that he
acquires from a traditional education, and he cannot in his own lifetime
replace them all” (1957, 183). Hence, changes in science are best understood
as responses to existing problems, not as attempts to get at a description
of the world as it really is. Kuhn’s recommended shift in perspective thus
draws our attention to the significance that past standards, concepts, and
accomplishments play in later developments in science. It reminds us that
scientific research is tradition-bound.

This is a radical perspective, at least among philosophers. Philosophers
of science tend to assume that experimentation, observation, and meas-
urement are capable of leading to unequivocal judgments about compet-
ing hypotheses. Sociologists of science, though, have seen that scientific
inquiry is not so straightforward. In fact, Kuhn’s evolutionary perspective
has affinities with the views of many contemporary sociologists of science,
including Barnes and Bloor, Steven Shapin, Harry Collins, and Bruno
Latour. Like Kuhn, these sociologists of science recognize that theory
choice is often underdetermined by the available data. Sociologists also
generally do not assume that the accepted theories are accepted because
they are true.

Latour’s (1987) contrast between science in-the-making and ready-
made science achieves a similar aim. In ready-made science the results
are widely accepted. When we examine ready-made science we tend
to think that scientific discoveries are inevitable. In contrast, when we
examine science in-the-making, where a dispute is still unresolved, we are
reminded that it is difficult for scientists to distinguish between a genu-
ine discovery and the “discovery” of something that will soon come to be
rejected. The alleged discovery of n-rays, for example, was initially greeted
with the same enthusiasm and interest as the discovery of x-rays, made a
few years earlier. But, in time, it was recognized that n-rays do not exist.
Indeed, Kuhn’s theory of discovery reminds us that scientific discoveries
are not aptly characterized as the mere finding of something that was
already there waiting to be discovered. Discovery in science is a complex
process both constrained by and made possible by the accepted concep-
tual resources. Conceptual, mathematical, and instrumental resources
often need to be developed and refined in order to complete the discovery
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process” We will consider Kuhn’s view on the inevitability of scientific
discoveries in more depth in chapter 9.

It seems that the change in perspective that Kuhn recommends is also
better suited to advancing our understanding of scientific disputes that
occurred in the past. Rather than inadvertently projecting contemporary
standards and methods on to earlier scientists as we seek to understand
an episode in the history of science, Kuhn’s perspective reminds us to be
mindful of factors that were relevant to the scientists involved, factors
that no longer seem relevant to us given our interests and the interests of
contemporary scientists and philosophers. For example, McMullin (1984)
notes that in the past, even in the seventeenth century, metaphysical and
theological factors functioned as epistemic factors in scientific disputes.
That is, a scientist and his or her audience would take such factors “to be
a proper part of the argument he or she is making” (McMullin 1984, 129).
If we are going to understand the dynamics of scientific change then we
will need to examine past episodes from the perspective of those involved.
Kuhn’s evolutionary perspective puts us in a better position to understand
the scientific changes of the past.

In contrast, it is unclear what insight one stands to gain from the trad-
itional view, the view that scientific change is moving toward a goal set
by nature in advance. The traditional view seems to gain whatever cred-
ibility it has illegitimately, as a result of the fact that traditional views are
often accepted uncritically. In the history of astronomy, earth-centered
models of the solar system held early modern astronomers back for ages.
Similarly, truth-centered models of scientific change are holding philoso-
phers of science back.

Given Kuhn’s perspective on scientific change, successive theories are
not aptly described as getting closer to the truth. From the Kuhnian per-
spective, successive changes in theory are indeed improvements, as one
would expect. But they are improvements of a local and relative nature.
A new theory is better than the one it replaces.’ But, given the compara-
tive nature of theory evaluation, it is questionable to draw the inference
that the superior of two competing theories is #7ue. Given the Kuhnian
perspective, there is no basis for making such a claim. Further, because
scientists do not have a target set by nature in advance, there is no stand-
ard against which we could measure scientists’ success through a series

7 Influenced by Kuhn, Tom Nickles has developed a similar view of the discovery process.
According to Nickles” multi-pass conception of scientific inquiry the process of inquiry is “slow
and highly serial, articulated, [and] segmented” (1997, 19).

¥ Todd Grantham (1994) reaches a similar conclusion about scientific progress.
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of changes in theory. As research agendas, conceptual schemes, scientific
instruments, and the significance of experimental findings change, meas-
ures of success change. Hence, it is futile to claim that after a series of
changes in theory scientists are closer to the truth.

Even given Larry Laudan’s (1984) reticulated model of scientific
change, which was explicitly designed to improve on a popular reading
of Kuhn’s view, new theories can be evaluated only relative to the theor-
ies they replace. According to Laudan, the reticulated model “forces on
us the recognition (which should have been clear all along) that progress
is always ‘progress relative to some set of aims’” (66). And as long as our
aims are changing we are limited in the scope of the claims we can make
about progress through changes of theory.

My aim in this chapter has been to identify a radical change in per-
spective that Kuhn recommends for philosophers of science, a change
that, though introduced in Structure, was largely ignored by philoso-
phers. According to Kuhn, science does not have an end set by nature in
advance. Our goal is not to develop an accurate reflection of the world as
it is independent of our theorizing. Rather, the goals of scientists are local,
subject to change, and determined, to a large extent, by the goals, prac-
tices, and accomplishments of their predecessors. In this respect, there are
interesting similarities between Kuhn’s view and the views of many con-
temporary sociologists of science.

But despite the affinities between Kuhn’s perspective on science and
the perspective of many contemporary sociologists of science, there are
also significant differences between their views. Although I discussed
some of these differences briefly in the previous chapter, we consider the
issue in greater detail in chapter 9. In particular, we will see that there are
striking differences between the type of social constructionism that many
sociologists of science endorse and Kuhn’s constructionism.



CHAPTER 7

Scientific specialization

One of the most striking forms of scientific change is the rapid and seem-
ingly endless growth of new scientific specialties. Nicholas Rescher (1978)
notes, for example, that the number of specialties in physics has grown
from 19 in 1911, to 100 in 1954, and reaches 205 in 1970 (229, table 3).
Philosophers of science seldom discuss this dimension of scientific change.
Specialization has been neglected by philosophers, in part, because they
have tended to emphasize the value of unification in science (see, for
example, Friedman 1974; and Kitcher 1993). Unifying theories deepen
our understanding of the natural world by revealing connections between
otherwise disparate phenomena. Specialization seems antithetical to this
goal. Specialization can and often does create barriers between scientists.
Thus, for many philosophers, specialization is seen as either an impedi-
ment to developing unifying theories or a temporary resting state along
the way to developing unifying theories.

In chapter 1, in the brief discussion of the discovery of x-rays, we saw
that theory replacement is not the only response that a research commu-
nity has when it encounters persistent anomalies. Sometimes, as Kuhn
notes, anomalies are dealt with by creating a new scientific specialty, a
new research community that has as its concern the study of the previ-
ously anomalous phenomena. Further, the creation of new specialties is
by no means a temporary state in the development of science. Rather, as
Kuhn claims, specialization often serves to advance our epistemic goals in
science. Hence, philosophers need to develop a better understanding of
the role and effects of specialization in science.

In this chapter, I examine Kuhn’s account of specialty formation. Kuhn’s
account is important for at least two reasons. First, Kuhn’s account of
specialization recognizes the important role played by epistemic factors in
the creation of new specialties, factors such as conceptual developments.
Sociological accounts of specialization tend to emphasize the influence
of the sorts of factors that philosophers regard as external factors in the

11y
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creation of new specialties. Consequently, Kuhn’s account of specializa-
tion is an important correction to the sociological accounts. Second, as
Kuhn developed his epistemology of science, specialization came to play
a greater role. That is, Kuhn came to believe that specialization was a key
means by which scientists realize their epistemic goals. Unfortunately,
Kuhn never presented his views on scientific specialization in a systematic
fashion. Nor did he make the topic the focus of a single paper. My aim is
to bring together a coherent Kuhnian account of specialization.

SOCIOLOGICAL AND HISTORICAL STUDIES
OF SCIENTIFIC SPECIALIZATION

In an effort to appreciate Kuhn’s account of specialization, it will be use-
ful to examine what sociologists and historians have said on the topic.
Their accounts of specialization will aid us in seeing what is important
and novel about Kuhn’s account.

In stark contrast to philosophers of science, sociologists and histori-
ans have studied specialization with intense interest. In fact, Harriet
Zuckerman (1988) notes that the sociological study of scientific special-
ization was itself, for some time, a sociological specialty (535). Interest in
specialization, though, has since passed, as sociologists of science became
more engaged in micro-studies of science, studies of individual laborator-
ies or research facilities.

Sociological accounts of scientific specialization tend to focus on social
and instrumental changes as the cause of the creation of new specialties.
Although sociologists of science are correct in pointing out that the cre-
ation of a new scientific specialty often involves changes in the social
organization of science, or changes in instrumentation, they have tended
to contrast the social and instrumental with the conceptual, and given
greater emphasis to the former at the cost of recognizing the role of the
latter. Sociological studies of specialization thus tend to reinforce the
traditional assumption of philosophers that specialization is of little sig-
nificance to an epistemology of science.

In this section I examine a variety of sociological and historical studies
of scientific specialization. Because the literature on specialization is so
vast, a comprehensive survey is not possible. Instead, I begin by exam-
ining two very influential pioneering studies. I argue that both of these
pioneering studies treat the development of a new specialty as essentially
a change in the social organization of science, and thus treat any con-
ceptual changes that one might associate with specialization as derivative.
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Further, both of these studies imply that there is a single type of cause of
the creation of new scientific specialties, though they differ about what
that cause is. I then briefly review the sociological studies of specialization
that followed these pioneering studies. These second-generation studies
rightly challenge the assumption that the same type of cause is respon-
sible for the creation of all scientific specialties. They are thus open to
a plurality of causes. But I argue that, like the pioneering studies, these
studies continue to treat the conceptual, epistemic, or cognitive changes
associated with scientific specialties as secondary to the social and instru-
mental changes associated with the process.

Let us begin with the pioneering accounts. According to Joseph Ben-
David and Randall Collins (1966/1991), the creation of a new scientific spe-
cialty is a consequence of scientists carving out a new professional niche
in an effort to create a new social role (50). When an existing field shows
little promise for career advancement, ambitious and able young scientists
will seek means to create a new discipline, field, or specialty. Ben-David
and Collins support their account with a case study of the creation of
experimental psychology as a discipline in Germany in the late nineteenth
century. As they note, before experimental psychology became a distinct
discipline, “the subject matter of psychology was divided between specu-
lative philosophy and physiology” (s3). In the mid nineteenth century,
the field of physiology underwent a period of rapid expansion (63). In a
relatively short period of time, between 1850 and 1864, many of the uni-
versity positions in physiology were filled by young men. As a result, there
was little opportunity for career advancement for the next generation of
physiologists (63). Positions were blocked by the recently appointed gener-
ation of men who still had full careers ahead of them. This led a number
of promising young scientists trained in physiology to create new career
opportunities for themselves by applying the methods of physiology to
problems in psychology. In this way, they created a niche for themselves.
In turn, they gave birth to the specialty of experimental psychology.

Ben-David and Collins suggest that this pattern of development that
led to the creation of psychology as a specialty is typical of the process
by which new specialties are created. Crowding in an existing field leads
young scientists to develop a new specialty in an effort to secure reward-
ing employment. Importantly, Ben-David and Collins insist that concep-
tual developments in the study of the human mind were not responsible
for the creation of experimental psychology as a discipline (50). In fact,
Ben-David and Collins believe that, generally, “the ideas necessary for
the creation of a new discipline are usually available over a relatively
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prolonged period of time and in several places” (50). Hence, ideas cannot
be the driving force in creating new specialties. In fact, Ben-David and
Collins claim that if ideas were sufficient for the creation of a new discip-
line, we should have expected psychology to develop as a discipline first in
either France or Britain (67—69). But, instead, it was in Germany that the
field of psychology was created.

Let us now consider the second pioneering account of specialization.
Derek de Solla Price (1963/1986) suggests that the chief factor that leads to
the creation of a new specialty is the demand to make effective research
possible. Scientific research is done by humans, and our limited cogni-
tive capacities place significant constraints on the organization of science.
Because there is a limit to how much people can read, each scientist can
attend to only a finite and rather small portion of the continuously grow-
ing body of scientific literature. As more and more people get involved
in science, and more and more journals publish more and more articles,
each new generation of scientists confronts a larger body of scientific lit-
erature. In fact, Price estimates that by the early 1960s there were already
over 10,000,000 published scientific articles. And the number of publica-
tions was doubling every fifteen years. Price believes that the various sub-
fields in science are a consequence of scientists carving out manageable
bodies of literature.

Price sought to determine how large a body of literature could be such
that a group of scientists could both produce it and keep abreast of devel-
opments in the literature. He suggests that 100 scientists each producing
100 articles in the course of their careers would produce a body of litera-
ture containing 10,000 articles (1963/1986, 65). Price believes that scientists
could read that much over the course of their careers. Consequently, he
concludes that a specialty must consist of about 100 publishing scientists.
Such a community could keep abreast of the literature they produce (65).’

There are three features that these two pioneering accounts have in
common. First, both accounts are premised on the assumption that con-
ceptual developments in science are not what lead scientists to create new
specialties. Price does not attribute any role to conceptual developments,
and Ben-David and Collins explicitly argue that such developments are

' I have taken issue with Price’s estimate of the size of scientific specialties elsewhere (see Wray
2010). Significantly, in making his calculation, Price failed to account for the fact that the average
scientist publishes only 3.5 articles in her career, not 100 articles as he assumes in his calculations.
Consequently, I have argued that specializations are probably both /arger in terms of person-
nel than he suggests, perhaps involving between 250 and 600 scientists, but smaller in terms of
research literature they produce and read, perhaps containing about 2,500 articles.
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insufficient to cause scientists to create a new specialty. Hence, both of
these pioneering studies privilege social change in the creation of a new
specialty, and treat conceptual changes as derivative. So, insofar as spe-
cialization in science leads to conceptual innovations these are derivative
of the social changes that created the new social group. Second, both
accounts are premised on the assumption that crowding in an existing
field leads to the creation of a new specialty. Price believes crowding has
a different function from that hypothesized by Ben-David and Collins.
Rather than driving young scientists in search of new career opportun-
ities, Price believes that crowding leads communities of scientists to nar-
row their area of research in an effort to avoid being overwhelmed by the
growing body of research. Only by narrowing their area of research, and
thus creating a new specialty, are scientists able to effectively manage the
continuously growing body of literature. Third, both accounts are mono-
causal, premised on the assumption that there is one type of cause that
leads to the creation of new scientific specialties.

We saw in chapter 5 that the 1970s marked a period of extensive
growth in the sociology of science in general (see Cole and Zuckerman
1975, 146—48, 165). During that time the topic of scientific specialization
attracted great interest among sociologists of science (Zuckerman 1988).
Consequently, the literature on this topic is vast, but the most important
of these studies were Nicholas Mullins’ (1972) “The Development of a
Scientific Specialty,” David Edge and Michael Mulkay’s (1976) Astronomy
Transformed, Daryl Chubin’s (1976) “The Conceptualization of Scientific
Specialties,” and an anthology edited by Lemaine ez al. (1976b), Perspectives
on the Emergence of Scientific Disciplines. Rather than provide a survey of
second-generation studies, I want to draw attention to two ways these
studies differed from the pioneering studies.

First, a number of the second-generation sociological studies examined
the impact that new instruments and the development of instrumentation
played in the creation of new specialties. For example, Edge and Mulkay
(1976) provide a detailed account of the ways in which new instruments
shaped the field of radio astronomy. Similarly, John Law (1976) argues
that developments in instrumentation played a significant role in the cre-
ation of the field of x-ray crystallography. These studies thus suggest a
need to recognize the range of causes that lead to the creation of new
scientific specialties. But the authors of these studies tend to assume that
developments in instrumentation are distinct from conceptual develop-
ments. This assumption is most evident in Law’s (1976) study of x-ray pro-
tein crystallography. Law distinguishes between “‘technique;’ ‘theory,” and
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‘subject matter’ specialties” (123), implying that the techniques employed
in x-ray crystallography could have been developed independent of the
accompanying theoretical developments.

Second, a number of second-generation sociological studies acknowledge
the complexity of the process by which a new specialty is created (Lemaine
et al. 19762). Indeed, these studies suggest that there might not be a sin-
gle type of cause responsible for the creation of all scientific specialties.
Further, the authors of these studies began to recognize that the develop-
ment of a new specialty involves social changes, the focus of the pioneering
studies, and conceptual or cognitive changes (Edge and Mulkay 1976, 364;
Mulkay and Edge 1976, 153; Worboys 1976, 77; Lemaine et al. 19762, 1).
Some, like Chubin (1976), even question the derivative role that epistemic
developments were assigned in the pioneering studies. Expressing concern,
Chubin notes that sociological studies of scientific specialization tend to
take “social structure as an antecedent of specialties,” which “seemingly
denies the possibility that intellectual events and the relations they engen-
der give rise to a social structure that we treat as a specialty” (1976, 449).
Becher and Trowler (2001) suggest that, though Chubin was concerned
about the derivative role assigned to conceptual changes in the creation of
new specialties, he was unable to explain how conceptual changes could be
responsible for the creation of new specialties. Hence, these studies contin-
ued to treat epistemic developments as secondary.

Unfortunately, the interests and attention of sociologists of science
shifted away from the study of scientific specialization before this concern
was adequately addressed. Zuckerman (1988) notes that “with the shift in
research attention to the microsociology of scientific knowledge, the study
of specialties ... declined markedly amongst sociologists” (535). But in a
review article on sociological studies of scientific specialization published
in the late 1980s, Zuckerman (1988) notes that “the reasons that led sociolo-
gists of science to study the development of specialties in the first place still
appear to be valid” (535). The study of specialization ended prematurely.
Like Zuckerman, I am concerned that we have yet to develop an adequate
understanding of the role that conceptual changes can and do play in the
creation of new scientific specialties. In this respect, it seems that we do
not understand the epistemic dimension of scientific specialization.

SCIENTIFIC SPECIALIZATION AND CONCEPTUAL CHANGE

In this section, I want to examine Kuhn’s account of specialty forma-
tion. Kuhn discusses specialization in various essays collected together in
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The Road since Structure. In his developed epistemology of science, special-
ization plays a key role in scientific change, as discussed briefly in the pre-
vious two chapters. It is unfortunate that he never wrote a paper devoted
exclusively to this topic. As a result, there has been remarkably little
uptake of or response to what he said on the issue. My aim is to synthe-
size his remarks into a coherent account of specialization. Importantly, his
account meets the challenge left unanswered by the sociological accounts
of specialization. That is, Kuhn focuses on the epistemic dimension of the
change. Consequently, his account should be of great interest to philoso-
phers of science, as well as sociologists and historians of science.

According to Kuhn (19912/2000), sometimes in their efforts to accom-
modate or account for a persistent anomaly scientists are led to create a
new scientific specialty (97). When scientists in a field encounter persistent
anomalies and are unable to resolve the crisis with the resources provided
by the prevailing theory, a new theory will inevitably be developed. The
new theory is designed to resolve or accommodate the persistent anomal-
ies. But sometimes the new theory will not be able to serve the purposes
of all those working in the field. As a consequence, part of the field as it
was conceived before the change becomes a new field or specialty. Thus,
old theories are not necessarily discarded. Sometimes they come to be
employed in a restricted domain. And a new theory is created to account
for the persistent anomalies.

In chapter 1 we saw that as Kuhn developed his account of scientific
change in response to criticism, he modified his view of scientific revolutions
in subtle but important ways. These modifications have important implica-
tions for understanding the process by which a new scientific specialty is
created. Let us begin by briefly re-examining how he reconceived the notion
of a scientific revolution. In Kuhn’s developed account of scientific revolu-
tions, the notion of a taxonomic or lexical change replaces the earlier prob-
lematic notion of a paradigm change. Thus, a scientific revolution involves a
taxonomic or lexical change. For example, with the Copernican revolution
astronomers replaced a lexicon in which “planet” denotes a wandering star
as opposed to a fixed star with a lexicon in which “planet” denotes a celes-
tial body that orbits the Sun (Kuhn 1987/2000, 15).>

Kuhn believes that “the transition to a new lexical structure, to a revised
set of kinds, permits the resolution of problems with which the previous

> Incidentally, the term “planet” was not used in a uniform way even by ancient astronomers. For
example, as Dreyer (1963) notes, Ptolemy spoke of “the five wandering stars” “although it was
more usual among the ancients to speak of seven planets,” counting the Sun and Moon among
them (196).
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structure was unable to deal” (1993/2000, 250). For example, the new lexi-
con introduced during the Copernican revolution enabled astronomers
to explain retrograde motion. The planets do not appear to go backward
because they move on epicycles and deferent circles as they orbit the earth,
as the Ptolemaic theory seems to imply. Rather, their apparent backward
motion is a function of the fact that the Earth, the place from which we
observe the other planets, is itself in motion around the Sun. When in
the course of our orbit we pass another planet relative to the backdrop of
the fixed stars, the other planet will appear to move backwards. In every
scientific revolution, a new lexicon is introduced in order to resolve an
outstanding problem.

According to Kuhn, sometimes the taxonomic changes that are intro-
duced to accommodate a persistent anomaly affect only a sub-set of a sci-
entific research community. And “what lies outside of [the new lexicon]
becomes the domain of another scientific specialty, a specialty in which
an evolving form of the old kind terms remain in use” (1993/2000, 250).
Hence, a new specialty is created when a lexical change affects only part
of a research community, and the old lexicon can still be employed effect-
ively in a restricted domain.

But not every anomaly can be accommodated in such a way as to per-
mit the continued use of the earlier taxonomy in a restricted domain. For
example, Copernicus’ proposed taxonomic change could not be adopted
without replacing the Ptolemaic lexicon. In cases such as this one, there
is no need to create a new specialty, for the whole of the existing research
community adopts the proposed change.

Hence, in mature fields, Kuhn claims, the history of science consists
of periods of normal science punctuated by either (1) episodes of theory
change, that is, scientific revolutions, or (2) episodes of specialty forma-
tion, where a new field branches off from a parent field. The result, in the
long run, is a proliferation of fields, each concerned with a rather narrow
domain. The gains in accuracy that scientists have achieved over time are
a consequence of these two processes.

Given Kuhn’s account, specialization involves both epistemic and
social changes. On the social dimension, scientists who once had

> Mulkay (1975) describes Kuhn’s paradigm-related account of scientific development as a closed
model, for it stresses “the existence of scientific orthodoxies” (s512). Mulkay believes that such
accounts are unacceptable for they “make scientific innovation highly problematic” (s13). Instead,
Mulkay recommends a branching model of scientific development, according to which “new
problem areas are regularly created and associated social networks formed” (520). Given Kuhn’s
account of specialization presented here, Kuhn’s view is aptly described as a branching model.
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Figure 3 A diagram after Darwin: Kuhn’s mature account of the development of science

regular contact with each other often have less in common to bring them
together. They may no longer attend the same conferences. They may
even begin publishing in different journals. They may also find commu-
nication with each other more difficult (Kuhn 1969/1996, 177). But the
process of specialization that Kuhn describes is essentially epistemic in
nature. It is an epistemic shortcoming, the inability of a community of
scientists to adequately model the domain of their field with the existing
taxonomy that leads the community to divide and thus create a new spe-
cialty. In fact, Kuhn claims that “specialization and the narrowing of the
range of expertise [are] ... the necessary price of increasingly powerful
cognitive tools” (1991a/2000, 98). Confined to the conceptual resources
available in the existing scientific taxonomies, the resolution of some out-
standing problems may not be possible. Certain phenomena may even
evade our detection unless a radical change is made to an existing tax-
onomy or lexicon. Thus, sometimes scientists must be prepared to relin-
quish part of their current domain of study to those who are willing to
employ a new modified lexicon better suited to the study of the recalci-
trant phenomena.*

+ Andrew Abbott (2001) also develops an account of the dynamics of scientific fields that attributes
an important role to conceptual changes. Unlike Kuhn’s account, Abbott’s account is intended to
apply to the social sciences only, and it is principally concerned with the dynamics within a field,
rather than the dynamics that lead to the creation of new fields.
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Importantly, Kuhn’s account of specialization provides insight into the
role that conceptual developments can play in the creation of a new spe-
cialty. But we should be mindful of an important insight of the second-
generation sociological studies of specialization discussed earlier. The
creation of a new specialty is a complex process, often involving cognitive,
instrumental, and social changes. And separating the influence of the
various factors can be challenging, especially when they are intertwined.
For example, a social factor like crowding in a field, which may be caused
by external factors of the sorts that Ben-David and Collins cite in the case
of the development of experimental psychology, could play an important
role in leading to the sorts of conceptual developments that would result
in the creation of a new specialty. For as a scientific field gets crowded
there may be more intense competition which can lead to or accelerate
the process leading to a significant discovery.

As I mentioned above, philosophers are inclined to think of the creation
of new specialties, and especially the resulting communication barriers they
create, as a temporary state on our way to developing a unified science.
Indeed, one committed to such a view might cite the fact that there are
some specialties that are born at the intersection of two fields or sub-fields,
for example physical chemistry or molecular biology. One might think,
these cases give us reason to believe that science will be unified ultimately.

Kuhn, though, thinks otherwise. In fact, he explicitly discusses such
cases, and he reaches a very different conclusion. He does recognize that
both physical chemistry and molecular biology were “born at an area
of apparent overlap between two existing specialties” (1991a/2000, 97).
Further, he is aware that “at the time of its occurrence this [type] of split
is often hailed as a reunification of the sciences” (97). But as far as Kuhn
is concerned, “as time goes on ... the new shoot seldom or never gets
assimilated to either of its parents” (97). Rather, as the new field and the
two fields from which it developed continue to develop “each of the fields
[will have] a distinct lexicon” (98). Kuhn grants that “the differences [in
the lexicons] are local, occurring only here and there” (98), but they can
be significant enough to make communication between those working in
the various specialties challenging. Thus, unification is not a reasonable
expectation, according to Kuhn (98). “There is no lingua franca capable
of expressing, in its entirety, the content of all or even any pair” of scien-
tific fields (98). Indeed, Kuhn goes so far as to claim that the pursuit of
unity may “well place the growth of knowledge at risk” (98).

These cases draw attention to an important part of Kuhn’s account of
specialization, one that justifies the comparison with biological speciation.
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According to Kuhn, the motivation for creating a new scientific specialty
is to improve the conceptual tools for understanding the world. And dif-
ferent conceptual tools are needed for modeling different phenomena.

In order to ensure that the appropriate conceptual tools are both
developed and subsequently taken up by the relevant researchers it is
imperative that the researchers are isolated from those in neighboring
specialties. Such isolation provides the necessary barriers for the concep-
tual innovation to take hold, to become an integral part of the concep-
tual framework and research practices (see Kuhn 1991a/2000, 98; also
Kuhn 1992/2000, 120). Thus, according to Kuhn, conceptual innova-
tions are both the cause of barriers between specialties and require bar-
riers between specialties if they are to develop. The “growing conceptual
disparity between the tools deployed in ... two [neighboring] specialties”
is “what keeps them apart and leaves the ground between them as appar-
ently empty space” (120). Kuhn described the lexicons used in neighbor-
ing specialties as incommensurable, comparing the relationship between
the lexicons in neighboring specialties to the relationship between com-
peting theories during a revolution. But, as we saw in chapter 4, this is a
distinct type of incommensurability, differing in important ways from
what is now called “meaning-incommensurability.” Most importantly, the
incommensurability that arises between the lexicons in neighboring fields
serves a constructive epistemic function, allowing the scientists working
in the two fields to develop concepts, practices, and instruments suited to
the phenomena specific to their field.

This notion of incommensurability also seems to undermine the goal
of developing a unified science. If the lexicons in different specialties use
the same terms equivocally, then there will be no single lexicon fit for all
sciences. In invoking the notion of incommensurability in this context,
Kuhn draws attention to the value of models and theories developed for a
narrow range of phenomena. Such specialized theories, though narrow in
scope, promise to deepen our understanding of the world. No single set of
concepts and models can do justice to the range of phenomena scientists
seek to understand. The fragmentation that results is the price we must
pay for the depth of understanding afforded by specialization.

SUPPORT FOR KUHN’S ACCOUNT: VIROLOGY
AND ENDOCRINOLOGY

One of the most valuable features of Kuhn’s account of specialization is
that it shows how conceptual developments in science can contribute to
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the creation of new specialties. By emphasizing the role of conceptual
developments in the creation of new specialties, he draws attention to
the epistemic dimension of the process. Kuhn, though, does not provide
examples from the history of science to support his account. My aim in
this section is to analyze two cases that support his account of specializa-
tion, specifically, the creation of the field of endocrinology and the cre-
ation of the field of virology.

The creation of the field of endocrinology provides a clear illustration
of the process Kuhn describes. R. A. Gregory (1977) explains that:

[TThe discovery in 1902 by Bayliss and Starling ... of the duodenal hormone
secretin was ... a signal event in the history of physiology. A simple experiment
... revealed that the functions of the body were normally co-ordinated not only
by the nervous system, but also by the mediation of specific chemical agents
formed in, and transmitted from, one organ to others by way of circulation,
conveying a message intelligible only to those cells equipped to capture the
“chemical messenger” and decipher the encoded instructions for modification of
their activity. By the discovery of what came to be called “hormones” there was
opened a new era of physiology, the beginning of endocrinology as we know it
today. (105)

Before Bayliss and Starling made their discovery, physiologists generally
assumed that the functions of the body were coordinated by the nervous
system, and the lexicon physiologists worked with reflected this way of
understanding the body. At that time, physiologists lacked the conceptual
means to account for chemical messengers traveling through the blood-
stream. Consequently, in making their discovery, Bayliss and Starling
needed to invoke a new concept, “hormone” or “chemical messenger.”
Importantly, in this particular case, Bayliss and Starling were not moti-
vated by the desire to accommodate a persistent anomaly. Rather, it was
not until they discovered that some functions of the body were not coor-
dinated by the nervous system that there was an anomaly.

Because Bayliss and Starling’s conceptual innovation was at odds with
the prevailing understanding of physiologists, their discovery significantly
altered the field of physiology. “Hormone” became the key concept in the
new field of study, endocrinology. But despite the emergence of this new
specialty, the traditional study of physiology was, to a large degree, left
very much intact as it was before the discovery of hormones. Physiologists
continued to study the various functions of the body that were coordi-
nated by the nervous system. One significant change that the discovery
of hormones had on physiology, though, was to narrow the domain of
the field. The revolutionary discovery of hormones reduced the range of
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phenomena that physiologists were expected to explain in terms of the
operation of the nervous system. Physiologists relinquished responsi-
bility for modeling and understanding functions of the body that were
not coordinated by the nervous system. For example, they relinquished
responsibility for explaining those newly discovered functions of the body
that involved hormones.

Investigating the various functions of the body that are coordinated by
“chemical messengers” requires different conceptual tools and laboratory
practices from those then available to physiologists. The scientific study of
these functions is sufficiently different from the scientific study of those
that are coordinated by the nervous system to warrant the attention of
specialists.

It is important to recognize that rather than modifying the existing
taxonomy to accommodate the concept “hormone,” physiologists could
have tried to explain the observed phenomena in terms of the then opera-
tive lexicon. But had they tried to do this it is likely that an accurate
understanding would have eluded them. At any rate, it is likely that some
phenomena would have remained inexplicable, set aside as anomalies to
be dealt with later. The existing lexicon, built on the assumption that the
functions of the body are coordinated by the nervous system, was not fit
to explain the phenomena under consideration.

This example nicely illustrates Kuhn’s view of specialization. A signifi-
cant discovery required radical changes to the taxonomy of a field with
the result that a new field was born and the domain of the original field
was subsequently truncated. The cognitive tools that were designed for
one set of purposes, the study of the nervous system in the functioning of
the body, were discovered to be inadequate for the range of phenomena
to which they were assumed to apply. A new specialty was thus created to
overcome this problem.

The creation of virology as a separate field of study also illustrates the
process of specialty formation described by Kuhn. In the late nineteenth
century and the first half of the twentieth century what we now call
viruses were often studied as anomalous phenomena by various scientists
working in a variety of specialties, including bacteriology, pathology, and
biochemistry (Waterson and Wilkinson 1978). Some scientists attempted
to understand viruses as microbes. Working with the conceptual and
experimental resources of bacteriology, they were perplexed by the prob-
lem of growing viruses in artificial media. For these bacteriologists, this
was an important anomaly (see van Helvoort 1994, 186). Other scientists
attempted to understand viruses as non-organic entities. Working with
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the conceptual and experimental resources of chemistry, they were con-
cerned with understanding how a toxic non-living substance could rep-
licate (see Hughes 1977, 79—84, 90). For these biochemists, this was an
important anomaly. But in the 1950s “a fundamental conceptual change
occurred with the recognition that all viruses share a common structure
despite observed differences in morphology, host specificity and patho-
logical activity” (Hughes 1977, 100; see also van Helvoort 1994, 216). It
was then realized that viruses were a distinct kind of phenomenon and
could not be adequately conceptualized as either an organism or as a
toxin. Thus, a new taxonomy or lexicon had to be constructed to accom-
modate “virus” as a kind.

The lexicon bacteriologists used before the discovery of viruses remained
essentially the same after the discovery. Subsequent research in bac-
teriology was thus more or less continuous with the practice before the
discovery of viruses. Bacteriologists, though, were able to relinquish
responsibility for explaining certain phenomena that they had previously
regarded as their responsibility, phenomena that had, until then, remained
anomalous. A similar situation occurred in pathology and biochemistry,
the other specialties in which scientists investigated the phenomena that
came to be recognized as viruses.

These two episodes in the history of science illustrate the important
role that conceptual changes can play and have played in the creation of
new scientific specialties. Sometimes a new specialty is created as a result
of a significant discovery. Such a discovery sometimes leads a commu-
nity of scientists to split the domain of their field and form two separate
research communities, each pursuing their research with a taxonomy or
lexicon suited to their different needs and interests. The creation of a new
specialty is thus one means by which scientists are able to enrich their
understanding of the world. In fact, some phenomena are apt to elude our
understanding until scientists make changes to an existing lexicon. Such
changes allow scientists to approach the study of recalcitrant phenom-
ena with new conceptual tools. And when a lexical change gives rise to a
new specialty, scientists in the parent specialty realize the limits of their
model, and thus relinquish responsibility for explaining phenomena they
were ill-equipped to explain.

ANTICIPATING CRITICISM

In light of the sociological studies of specialization discussed earlier,
I anticipate two criticisms of Kuhn’s account of specialization. I will
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present the criticisms as they apply to the case of virology, though similar
criticisms could be made with respect to the creation of endocrinology as
well. My aim in this section is to address these criticisms in an effort to
offer additional support for Kuhn’s account of specialty formation, and in
particular the role he attributes to conceptual innovations in the process.

First, one might argue that it was the introduction of new instruments
and techniques that was responsible for the creation of virology rather
than the taxonomic change outlined in the previous section. In support
of this view one can cite the fact that the discovery of viruses depended
upon a series of developments made in filtering, a process that played an
integral role in enhancing scientists’ understanding of viruses. One can
also cite the fact that the electron microscope also played an indispensable
role in the discovery of viruses (see Hughes 1977, 96 and 98; Waterson
and Wilkinson 1978, 105—-06).

Second, one might argue that virology was created, not as the result
of conceptual changes, but rather as a result of crowding in existing
fields. In support of this claim, one can cite the fact that even before 1900
Martinus Beijerinck had developed a concept of a non-cellular life form
to account for the agent that causes the tobacco mosaic disease, an agent
that would subsequently be identified as a virus (see Hughes 1977, 48—s1).
Since the required conceptual developments seem to have been available
long before the creation of virology as a specialty in the 1950s, one could
conclude that the creation of virology as a specialty depended, ultimately,
on the migration of physicists into the biological sciences. Much like the
young physiologists who created experimental psychology because of the
bleak prospects for employment in physiology, these physicists were seek-
ing new career opportunities and created them by applying the methods
of physics to biological phenomena (see Hughes 1977, 91).

I will now address these criticisms, beginning with the first. It is
undeniable that technological developments played an important role
in the discovery of viruses, as do such developments in many discover-
ies. But I believe it is a mistake to regard the technological developments
as the ultimate cause of the creation of virology as a specialty. There are
two considerations that lead me to believe this. First, rather than being
an epistemic asset, at times the reliance on techniques was an impediment
to the discovery of viruses. Before scientists developed the modern con-
cept of virus, technique-determined characteristics, like filterability and
microscopic invisibility, were often used to identify substances as “viruses”
(see van Helvoort 1994, 202). But, as Sally Hughes notes, such “technique-
determined physical characteristics ... were inadequate criteria by which to
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differentiate viruses from all other types of infectious agents” (1977, 87; see
also van Helvoort 1994, 202). That is, these characteristics do not system-
atically distinguish viruses from other superficially similar but unrelated
phenomena. According to Hughes, what scientists lacked was “informa-
tion about [the] intrinsic biological properties [of viruses]” (Hughes 1977,
87). Consequently, I believe it is a mistake to attribute the creation of vir-
ology either entirely or principally to developments in instrumentation.

In addition, I believe that it is a mistake to contrast technological or
instrumental developments with epistemic developments. Developments
in instrumentation are often tied to conceptual developments. This is
because developments in instrumentation often either (1) depend upon
conceptual developments or (2) occur simultaneously with conceptual
developments. Kuhn illustrates this point in his discussion of the dis-
covery of x-rays. In developing the technology to detect x-rays, Roentgen
simultaneously discovered x-rays (see Kuhn 19622/1996, 56—57). Making a
sharp distinction between developments in instrumentation and concep-
tual developments, as some of the eartlier sociological studies did, is thus
misleading.

Let us now consider the second criticism, that the specialty of virology
was created as a result of crowding in an existing field or specialty. I have
three replies to this criticism. First, I believe that the criticism is based
on a Whig reading of history. It is only with hindsight, with the know-
ledge that viruses form a distinct kind of entity, that we identify all the
various investigations that led to the discovery of viruses as contributions
to virology. Scientists involved in these investigations saw things quite
differently. Before the 1950s, when scientists used the term “virus” it was
applied indiscriminately to a variety of phenomena, many of which have
subsequently been identified as bacteria (Hughes 1977, 92—95).

Augustine Brannigan (1981) makes a similar point with respect to
Mendel’s alleged contribution to genetics. Although 70w many regard
Mendel as the father of genetics, Mendel did not see his research as either
an attempt to create such a field or as a contribution to such a field. We
mislead ourselves and undermine our efforts to understand science if we
regard all research that ultimately contributes to the discovery of viruses
as directed toward that end.

Second, though there were earlier anticipations of the modern concept,
like Beijerinck’s proposal which “agrees to some extent with the modern
definition of the virus” (Hughes 1977, 57), it is a mistake to say that he dis-
covered the same thing that was discovered in the 1950s. The vague under-
standing that Beijerinck had was, at the time, (1) in conflict with widely
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accepted background assumptions, (2) criticized by others, and (3) not
well supported by the then available data (Hughes 1977, 57—58; Waterson
and Wilkinson 1978, 27—30). Waterson and Wilkinson note that a number
of Beijerinck’s contemporaries who were researching the tobacco mosaic
disease, including C. J. Koning, K. G. E. Heintzel, Friedrich Hunger,
and Adolf Mayer, did not even understand “Beijerinck’s flight of thought”
(1978, 27). Others, including Emile Roux, Dmitri Ivanovski, and Eugenio
Centanni, were critical of Beijerinck’s conceptual innovation (27-28).
Hence, this is not a case in which the conceptual work was more or less
complete, and all that was needed to create the new specialty was to enlist
a sufficient number of dedicated, hard-working scientists.

Third, many of the scientists who were ultimately responsible for
the creation of virology as a specialty were not looking for new car-
eer opportunities, as were the nineteenth-century physiologists who
helped create the field of experimental psychology. Many of them were
well-established researchers, with secure positions, and actively involved
in research in a number of specialties. Hence, the pioneers in virology
lacked the incentives to create a new social niche that had motivated the
early founders of experimental psychology. Their attraction to the field
was more due to the fact that they saw opportunities to make discoveries
in a hot topic area.

In summary, contrary to what is implied by the objections outlined at
the beginning of this section, a comprehensive explanation for why vir-
ology came to be created as a new specialty in the 1950s requires reference
to both (1) conceptual developments in our understanding of viruses, and
(2) the accompanying taxonomic or lexical changes required to articu-
late an adequate understanding of the phenomena. Consequently, Kuhn’s
account of specialization offers significant insight into the dynamics of
specialty formation.

SPECIALIZATION AND COMMUNICATION

Specialization has important implications for the spreading of scientific
knowledge. With the creation of a new scientific specialty the expertise
of individual scientists narrows. Consequently, scientists are increasingly
required to depend upon and trust the findings of those working in other
specialties. This increasing dependence that characterizes contemporary
science is one of the principal costs of specialization in science. Indeed, it is
concerns such as this that have led philosophers to believe that the increas-
ing specialization that characterizes modern science is unfortunate.



134 Scientific specialization

As new specialties are created, communication barriers are created
and these can sometimes be impediments to the development of science.
Some important discoveries have depended upon scientists transcending
the barriers created by specialization. For example, Paul Thagard (1999)
notes that the discovery of the bacterial theory of ulcers required know-
ledge from two different medical specialties, pathology and gastroenter-
ology (84—8s, 181). Apparently, much of the knowledge needed to make
the discovery was available for some time before the discovery was made.
But it was only when two scientists from different specialties worked
collaboratively that the discovery was made. Thagard claims that it is
unlikely that either scientist would have made the discovery working
alone. Recognizing this predicament, there have been attempts to develop
computer software that can identify connections between bodies of scien-
tific literature from different fields that might lead to scientific discoveries
(see Swanson and Smalheiser 1997).

But it is important to recognize that the communication barriers
created by specialization do not have only negative effects on science.
Full communication within the community of scientists would be
detrimental, for effective lines of communication not only serve to
spread the truth; they also serve to spread falsehoods. Kevin Zollman
(2007) claims that “in some contexts, a community of scientists is, as
a whole, more reliable when its members are less aware of their col-
leagues’ experimental results” (574). Using computer simulations and
the resources of game theory, Zollman considers three model commu-
nities of scientists: (1) a community in which “agents are ... only con-
nected with those on either side of them,” (2) a community much like
(1) except that “one of the agents is connected to everyone else,” and
(3) a community “where everyone is connected to everyone” (578). His
computer simulations show that greater connectivity in a community
“corresponds to faster but less reliable convergence” (580). So, as para-
doxical as it might sound, “in many cases a community made up of
less informed individuals is more reliable at learning correct answers”
(575). Hence, insofar as specialization prevents full communication in
the larger community of scientists, it serves the important function of
blocking the spread of error.

The threat of the communication and spread of falsehoods in science
should not be underestimated. In a study of the fate of retracted articles
in scientific journals, Budd ez al. (1998) found that many retracted art-
icles continue to be cited frequently after they have been retracted. Budd
et al. identified 235 retracted articles published between 1966 and 1997.
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These articles “received a total of 2034 postretraction citations” (297).
A citation counted as a postretraction citation if the citing article was
published at least one year after the retraction was published (see Budd
et al. 1998, 296). This way of operationalizing the term allows scientists
enough time to see the retraction before they cite the article. Examining
a sub-set of these postretraction citations, they found that most citations
did not acknowledge that the article had been retracted.

In his modeling of communication in science, Zollman (2007) found
that in our efforts to advance the goals of science we may have to trade
off accuracy for speed (583). The same features of a research community
that make for efficient communication, social density for example, can be
impediments to reliability (581-82, 584). And as Zollman notes, not sur-
prisingly, there is no obvious means to determine how such trade-offs are
to be made. Such decisions will, undoubtedly, be influenced by the non-
epistemic values of those making the decisions, for in some cases we may
prefer efficient communication over reliability, whereas in other cases we
may privilege reliability.

The sorts of barriers that make communication between scientists
challenging not only serve to limit the spread of error. These barriers
ensure that research communities can develop concepts that are suited
to modeling the phenomena they study without too much interference
from scientists in neighboring specialties. Although scientists often rely
on other scientists in neighboring fields for their expertise on matters
relevant to their own research, as a research community, in their efforts
to realize their research goals, scientists working in a specialty often need
to develop the concepts they use in ways that are incommensurable with
the way similar concepts are used in neighboring specialties.

In 1982, Barry Barnes, a key proponent of the Strong Programme, could
rightly claim that Kuhn had very little to say about scientific specializa-
tion (see Barnes 1982, 14). But, as Kuhn developed his view, he developed
the rudiments of an account of specialty formation. In his later writings,
he came to argue that the formation of a new scientific specialty is an
alternative response to crisis and anomalies in a scientific field.

My aim in this chapter has been to present and defend Kuhn’s account
of specialization. I have argued that Kuhn provides an answer to a key
question left unanswered by earlier sociological studies of specialization:
how can conceptual or epistemic developments in science contribute to
the development of a new scientific specialty? As we saw above, some-
times scientific discoveries will lead a research community to split into
two research communities, each working with a lexicon suited to its
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needs and interests. This is what we saw in both the creation of the field
of endocrinology in the early 1900s and the creation of the field of vir-
ology in the 1950s.

Specialization has been shown to be an alternative response a com-
munity of scientists makes when confronted with persistent anomalies.
That is, rather than seeking to accommodate the anomalies by replacing
the accepted theory with a new, alternative theory, a specialty sometimes
splits, with some scientists pursuing the study of the anomalous phe-
nomena with new conceptual tools designed for that purpose, and others
working with the older theory in a restricted domain. Kuhn’s account
of specialty formation, with its focus on conceptual developments as the
driving force, also makes clear why this dimension of scientific change is
relevant to philosophers of science.

As noted in the previous chapter, some critics and commentators have
taken issue with Kuhn'’s biological metaphors that underlie his evolution-
ary epistemology. I have sought to show that these are in fact fruitful
metaphors, providing valuable insight into understanding the dynamics
of scientific change. With that said, it should be acknowledged that Kuhn
does make some mistakes in his discussions of biological evolution. For
example, he claims that the comparison of scientific evolution and bio-
logical evolution breaks down because there is a destructive element in
scientific evolution that is not present in the process of biological speci-
ation (Kuhn 1992/2000, 120). Kuhn has in mind here the fact that older
concepts are discarded as new scientific theories are developed (120). But,
contrary to what he suggests, biological evolution is equally destructive.
Many biologists have remarked on how wasteful the biological world is.
In some species, for example, very few offspring survive into adulthood.
Waste and destruction are thus as prevalent in the biological world as they
appear to be in the scientific world. More work, though, needs to be done
in order to determine how far the biological metaphors can be applied.
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Taking stock of the evolutionary dimensions
of Kubn’s epistemology

It is worth taking stock of the various respects in which Kuhn’s epistem-
ology of science is aptly called an evolutionary epistemology, for, as we saw
earlier, the term “evolutionary epistemology” does not identify a single,
well-defined approach to epistemology.

In Part 1, I argue that Kuhn believes there are genuine revolutionary
changes in science. But, throughout Part 11, I have argued that Kuhn’s
epistemology is an evolutionary epistemology. One might think there is a
tension in Kuhn’s epistemology of science with his characterization of sci-
ence in both evolutionary and revolutionary terms. The question is: can
Kuhn have it both ways? Can an epistemology of science be both an evo-
lutionary epistemology and also acknowledge that there are revolutionary
changes in science? In answering this question I aim to clarify what in
Kuhn’s epistemology is aptly characterized as revolutionary and what is
aptly characterized as evolutionary.

Indeed, some suggest that scientific change can be described as eizher
evolutionary in nature or revolutionary in nature, but not both. Stephen
Toulmin (1970/1972), for example, defends an evolutionary theory of sci-
entific change, contrasting it with Kuhn’s revolutionary account of scien-
tific change. Toulmin suggests that insofar as Kuhn’s account of scientific
change can be construed as evolutionary at all, it is a form of “catastroph-
ism” (1970/1972, 47). Contrary to what Kuhn suggests, Toulmin claims
that even the most significant changes that occur in science can be better
accounted for in terms of “mechanisms of variation and perpetuation”
(45), and thus do not involve the sorts of radical discontinuities that we
associate with the term “revolution.” Hence, Toulmin believes philoso-
phers of science must choose between an evolutionary account of scien-
tific change and a revolutionary account.

The impression that an epistemology of science is either evolution-
ary or revolutionary is also reinforced by the way Popper’s view is some-
times contrasted with Kuhn’s view. Sometimes when Popper’s view is
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compared with Kuhn’s, Popper is represented as offering an evolutionary
account of scientific change and Kuhn is represented as offering a revo-
lutionary account of scientific change. Those who contrast Popper’s view
and Kuhn’s view in this way also seem to assume that an epistemology
is either evolutionary or revolutionary. But this characterization of their
views is problematic for a number of reasons.

Both Popper and Kuhn explicitly acknowledge that some aspects of sci-
entific change are aptly characterized as revolutionary and some aspects
are aptly characterized as evolutionary. At the London conference in the
mid 1960s, Popper and his followers portray Popper as encouraging per-
petual revolution. And Popper objects strongly to Kuhn’s characterization
of normal science, arguing that “the ‘normal’ scientist, as Kuhn describes
him, is a person one ought to feel sorry for” (1970, 52). Popper claims
that, from the perspective of his own critical philosophy of science, “the
‘normal’ scientist ... has been taught badly ... He has been taught in
a dogmatic spirit: he is a victim of indoctrination” (52—53). Popper thus
recognizes that there are revolutionary changes in science. And, simi-
larly, Kuhn was unequivocal in characterizing his own view of scientific
change as evolutionary in nature. Responding to his critics in London,
Kuhn claims that his “view of scientific development is fundamentally
evolutionary” (1970b/2000, 160).

I believe that Kuhn’s characterization of his epistemology of science
as both evolutionary and revolutionary is consistent. I will show this by
explaining the respects in which Kuhn believes scientific change is revo-
lutionary, and then by explaining the respects in which he believes scien-
tific change is evolutionary.

In Kuhn’s developed view, it is changes of theory, or episodes of the-
ory replacement, that are characterized as revolutionary changes. Such
changes are revolutionary because they involve the replacement of an
accepted scientific lexicon with a new lexicon that divides the phe-
nomena into different categories. And these changes to a new lexicon
are not mediated with the help of robust, shared standards that pro-
vide scientists with the means to make unequivocal judgments about
which of the competing lexicons, the old or the new, is superior. Thus,
just as in political revolutions, scientists engaged in episodes of theory
change have no agreed-upon standards to enable them to resolve their
differences.

The answer to the question “in what respects is Kuhn’s account of
scientific change evolutionary?” is more complex. We have seen in the
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previous three chapters a number of respects in which it is appropriate to
describe Kuhn'’s epistemology as an evolutionary epistemology.

First, Kuhn believes that we must adopt an evolutionary perspective
when we study science. The evolutionary or historical perspective requires
us to see science as an activity or process underway. Scientists accept a
body of beliefs and they evaluate new theories and hypotheses against
that background. There is no Archimedean platform or foundation out-
side our accepted theories on which to stand in an effort to evaluate com-
peting hypotheses.

Second, Kuhn believes we need to develop a non-teleological account
of scientific change. An adequate understanding of science will continue
to elude us as long as we conceive of science as directed toward uncover-
ing the truth. Indeed, contrary to the traditional philosophical perspec-
tive on science, Kuhn believes that there is very little that we can explain
if we regard science as directed toward developing a true account of real-
ity. This has been a crucial part of Kuhn’s epistemology since the publica-
tion of Structure. And he was quite attuned to the fact that such a radical
change in perspective would meet with fierce resistance. Indeed, he felt
that Darwin’s theory met with its fiercest resistance on exactly this point.
Nonetheless, Kuhn remained deeply committed to the necessity of mak-
ing this change in orientation in our efforts to develop an epistemology
of science.

Third, Kuhn increasingly came to realize that not all crises in sci-
ence are resolved in the same manner. Not all crises end with the
replacement of a once-long-accepted scientific lexicon by a new scien-
tific lexicon. Sometimes a crisis is resolved by a process that resembles
speciation. The research community divides, with one part continu-
ing to work with the older, long-accepted lexicon, and the other part
developing a new lexicon suited to the study of hitherto unstudied or
misunderstood phenomena. Importantly, Kuhn insists that specializa-
tion is not merely a temporary condition that scientists must accept
on their way to developing a unified science. Rather, the process of
specialty creation, he claims, is the key means by which scientists have
developed increasingly accurate models of the phenomena they seek to
understand.

Thus, contrary to what Toulmin implies, the revolutionary and evolu-
tionary aspects of Kuhn’s epistemology of science fit together. In synthe-
sizing the revolutionary and evolutionary aspects of Kuhn’s epistemology,
it is useful to distinguish between (1) Kuhn’s account of scientific change
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and (2) Kuhn’s recommendations on how to study science. Consider the
issue of scientific change first. According to Kuhn, scientists resolve cri-
ses in their fields in one of two ways: one way is aptly characterized as a
revolutionary change and the other way is aptly characterized as an evolu-
tionary change, involving a process similar in many respects to speciation
in the biological world. Consider, now, the issue of the perspective from
which we should examine science. The perspective the epistemologist of
science must adopt is an evolutionary perspective, seeing scientific change
as a process underway and as a process that is pushed from behind, rather
than directed toward some true account of nature, waiting to be dis-
covered by us. This perspective is in no way at odds with revolutionary
changes in science.

Given the evolutionary dimensions of Kuhn’s epistemology outlined
above, his view is aptly regarded as a version of anti-realism. Kuhn believes
that it is a mistake to explain the success of science in terms of the truth
of our theories. He is quite explicit that we have little reason to believe
that the various theories developed in different specialties present a uni-
fied or consistent account of the structure of the world. Rather, the value
of our theories is a function of the fact that they serve the local needs of
the scientists working in the fields in which they were developed and are
subsequently employed.

Anti-realism also fits with the revolutionary dimensions of Kuhn’s
account of theory change. If successive theories in a scientific field really
do posit fundamentally incompatible ontologies, then certain forms of
scientific realism seem untenable. The more recently developed theories
in a field are, no doubt, superior to those that preceded them. They afford
us all sorts of benefits, including increased accuracy. But these gains are
not a consequence of us getting ever closer to the truth. In fact, given that
the development in scientific fields involves a sequence of theories being
replaced by incompatible theories, there is little basis for claiming that
there is a convergence on anything.

Indeed, John Worrall (1989) claims that the existence of scientific revo-
lutions in the history of science is the greatest challenge to most forms of
realism (103). Worrall, though, is critical of anti-realism. He opts for what
many regard as the weakest form of realism, structural realism. According
to the structural realist, though there may be little or no continuity in
the ontologies of successive theories in a field, scientists do sometimes
retain the mathematical equations used in earlier theories. The retention
of these equations suggests that scientists have got at the underlying rela-
tions between the phenomena they study, even if their beliefs about the
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entities posited by their theories are mistaken (119). Thus, any philoso-
pher of science prepared to admit that there are revolutionary changes
in science of the sort Kuhn claims exist seems to be faced with a choice
between (1) accepting some form of anti-realism and (2) accepting a very
weak form of realism, like structural realism.






PART III

Kubn’s social epistemology






Sociologists of science are certainly correct to see the importance of the
social dimensions of scientific inquiry in Kuhn’s work and the construct-
ive role he attributes to such factors in aiding scientists in realizing their
epistemic goals. In this respect, sociologists have been more sympathetic
and careful readers of Kuhn’s work than philosophers. But, to many phil-
osophers, sociologists of science have taken things too far. Their emphasis
on the social dimensions of science leave one wondering what role ration-
ality and evidence play in resolving disputes in science.

In Part 111, I want to examine the respects in which Kuhn’s epistemology
of science is a social epistemology. I also want to show that Kuhn’s social
epistemology does not threaten the rationality of science. Consequently,
his social epistemology provides a useful framework for developing an
epistemology of science.

I begin by examining the charge that Kuhn is a constructionist. This
is an especially troubling accusation, in part because constructionism is
such a poorly defined view. Indeed, as we will see, constructionism has
come to mean many things, and some of them pose no threat to the
epistemic integrity of science. Hence, my aim is to clarify the nature of
Kuhn'’s constructionism. I will show that Kuhn’s form of constructionism
is not threatening to the rationality of science.

I continue to clarify the relationship between Kuhn’s views and those
of the sociologists most influenced by him, the advocates of the Strong
Programme. There are important respects in which their views differ dra-
matically. Clarifying the differences between Kuhn’s view and that of
the advocates of the Strong Programme will be vital to our developing
an appreciation of (1) Kuhn’s epistemology of science, as well as (2) the
differences between the sociology of science and the philosophy of sci-
ence. | argue that Kuhn’s form of nominalism differs in a significant
respect from the Strong Programme’s nominalism. Whereas the propo-
nents of the Strong Programme believe that every act of classification is
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underdetermined, Kuhn makes a weaker claim, specifically that there
is no unique way to group the things in the world. Thus, Kuhn thinks
the mind-independent world places more constraints on how scientists
carve nature up into kinds than the proponents of the Strong Programme
acknowledge. I also argue that Kuhn is an internalist. Contrary to what
many philosophers think, Kuhn believes that disputes in science are
resolved on the basis of evidence.

In chapter 10, I examine the senses in which Kuhn’s epistemology of
science is aptly described as a social epistemology. I identify four issues
that Kuhn addresses that make his epistemology a social epistemology.
First, Kuhn examines the socialization process that scientists-in-training
undergo which enables them to see the world as they need to in order to
make a contribution to science. Second, Kuhn believes that knowledge
is produced by groups of scientists rather than individual scientists. The
type of social group that figures most importantly in Kuhn’s social epis-
temology is the scientific specialty or research community. Third, Kuhn
believes that theory change is a form of social change. More precisely, the-
ory change, which involves the replacement of a long-accepted scientific
lexicon with a new, incompatible lexicon, also involves significant social
changes in the research community. And, as far as Kuhn is concerned, we
will not understand the nature of theory change until we develop a bet-
ter understanding of the social dimensions of the process. Fourth, Kuhn
believes that philosophers of science need to draw on work in the soci-
ology of science if they are to develop an adequate understanding of the
social dimensions of theory change. Indeed, social scientific research into
the nature of social groups and social change will be valuable resources as
we seek to better understand the epistemic culture of science.

In chapter 11, I aim to demonstrate the value of empirical investigations
of the process of theory change. My point of departure is Kuhn’s claims
about young scientists as the source of new theories and old scientists as
a source of resistance to new theories. I show that these claims of Kuhn’s
are not supported by the available data. I then examine a case of theory
acceptance in a research community, with special attention to the social
changes that occurred in the research community. I focus on an exam-
ination of the social processes underlying the acceptance of the theory of
plate tectonics in geology in the 1960s. The data on which I report suggest
that the new evidence gathered in support of the theory of plate tecton-
ics played a crucial role in the acceptance of the new theory. I also argue
that more empirical studies are needed if we are to develop an adequate
descriptive account of how science works.



Kubn’s social epistemology 147

In Part 111 I aim to correct a number of misconceptions about Kuhn'’s
views on scientific inquiry, scientific change, and scientific knowledge.
In addition, I provide a compelling case for why an epistemology of sci-
ence must be a social epistemology, one concerned with understanding
the social dimensions of science.






CHAPTER 9

Kubn's constructionism

Many of Kuhn’s critics think that Kuhn is the philosopher most respon-
sible for emphasizing the impact of non-cognitive factors in science, and
thus threatening the rationality of theory choice (see Lakatos 1970/1972;
Laudan 1984; Boghossian 2006). Both the sociologists of science who were
inspired by his work and many of his philosophical critics regard Kuhn’s
view as a form of constructionism." But as Ian Hacking (1999) notes,
“constructionism” connotes different things to different people. Many
sociologists and historians of science self-consciously approach their sub-
ject as constructionists (see Latour and Woolgar 1986; Shapin 1996, 9—10;
Golinski 1988/2005). Many philosophers of science, on the other hand,
believe that constructionism entails a pernicious form of relativism (see,
for example, Brown 1989, 37; Boghossian 2006, 118—22). Hence, for many
philosophers of science calling someone a constructionist amounts to a
refutation of their view.

In this chapter, I aim to clarify the relationship between Kuhn’s view
of science and constructionism. In clarifying the nature of Kuhn’s con-
structionism, I also aim to clarify Kuhn’s relationship to both philosophy
of science and sociology of science.”

In 7he Social Construction of What?, Hacking (1999) offers a detailed

and subtle analysis of constructionism with respect to science,

' Hacking rightly notes that “most items said to be socially constructed could be constructed
only socially, if constructed at all. Hence the epithet ‘social’ is usually unnecessary” (1999, 39).
Hereafter, I will drop references to the “social,” acknowledging that, unless otherwise stated,
constructionists are social constructionists.

> Kuhn thought of Structure as a book for philosophers. It was initially published by invitation in
the logical positivists’ Encyclopedia of Unified Science. But his relationship with philosophers was
often strained. He was initially denied his promotion to full professor by the philosophy depart-
ment at Berkeley (see Kuhn 2000b, 301-02). His relationship with sociologists was also strained.
He felt misunderstood by them, though many sociologists of science claimed to be building on
his view of science (Kuhn 1977b, xxi; 1992/2000, 110). Kuhn’s relationship with philosophers was
further strained by the fact that some sociologists, in particular the proponents of the Strong
Programme, claimed to be inspired by Kuhn.
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distinguishing between three distinct constructionist theses. Hacking
claims that Kuhn strongly endorses all three theses associated with
constructionism. Consequently, Hacking’s analysis provides a useful
starting point for understanding Kuhn’s relationship to constructionism.
Further, Hacking has long been one of the most sympathetic commenta-
tors on Kuhn.

I argue that although Hacking is correct to regard Kuhn’s view as a
form of constructionism, he misrepresents Kuhn’s view in two respects.
First, contrary to what Hacking claims, Kuhn endorses only a weak form
of nominalism. According to the extreme nominalism endorsed by the
Strong Programme in the Sociology of Scientific Knowledge, every single
act of classification is underdetermined. This is not Kuhn’s view, though
he does believe that there is no ultimate best way to classify things, no
single way prescribed by nature. Second, Hacking is mistaken in claim-
ing that Kuhn believes that exzernal factors are the cause of consensus in
science. Rather, I aim to show that Kuhn believes that epistemic factors
are responsible for stabilizing belief in science. Many philosophers have
been misled to think that Kuhn is an externalist, I argue, because they
misunderstand the role Kuhn attributes to non-epistemic factors in the-
ory change. He does believe that non-epistemic factors play an import-
ant role in helping a research community resolve the problem of theory
choice. But non-epistemic factors do not determine which theory is cho-
sen. Hence, Kuhn is not an externalist. By clearing Kuhn of the charge
of externalism, I aim to show that he does provide a viable framework for
developing an epistemology of science. In keeping with traditional philoso-
phy of science, Kuhn’s concerns are with reasons and evidence, though he
recognizes the important role that the social structure of research com-
munities play in enabling scientists to realize their epistemic goals. Thus,
once we get a clear understanding of the nature of Kuhn’s construction-
ism, it should be clear that his view poses no great threat to the epistemic
integrity of science. His view is based on a deep appreciation of the value
of science.

Kuhn is also frequently accused of supporting some form of relativism.
He adamantly rejected that characterization of his view. I examine three
versions of the charge of relativism that have been raised against Kuhn,
including (1) the claim that Kuhn believes that subjective factors deter-
mine theory choice, (2) the claim that Kuhn’s conception of rationality is
subjective, and (3) the claim that Kuhn gives us no reason to believe that
science is a particularly effective way to investigate the world. All of these
charges, I argue, are ungrounded.
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KUHN THE CONSTRUCTIONIST

I want to begin by examining Hacking’s characterization of Kuhn’s con-
structionism. Hacking argues that Kuhn endorses three theses widely
accepted by constructionist sociologists of science: the contingency the-
sis, nominalism, and externalism. Before proceeding, readers should be
cautioned about two matters. First, in a chapter devoted to social con-
struction and science, Hacking presents these three constructionist the-
ses, making clear that he regards Latour and Woolgar (1986) and Andrew
Pickering (1984) as typical constructionist sociologists of science. It is only
at the end of the chapter that Hacking briefly discusses Kuhn’s construc-
tionism. And in a lighthearted manner Hacking notes that on a scale
of one to five, where five represents an extreme constructionist and one
represents a non-constructionist, Kuhn ranks five with respect to all three
theses. Hence, my evidence that Hacking regards Kuhn as a construction-
ist of the most extreme sort is based on Hacking’s ranking of Kuhn’s view
with respect to the three theses. Second, I am not principally concerned
with determining whether Hacking is correct in the way he characterizes
Kuhn’s constructionism, but rather with clarifying the nature of Kuhn’s
constructionism. Hacking’s analysis is useful because it helps us see the
complexity of the debate about constructionism. And it is important to
clarify the nature of Kuhn’s relationship to constructionism because some
of his critics seem to feel that they have shown that Kuhn’s account of sci-
ence can be dismissed merely by showing that he is a constructionist. This
is a line of criticism that I wish to contest.

Let us now examine Hacking’s characterization of Kuhn’s construc-
tionism. First, Hacking claims that constructionists endorse a contin-
gency thesis according to which “alternative ‘successful’ science is in
general always possible” (Hacking 1999, 69). Hacking claims that those
who endorse the contingency thesis believe, for example, that modern
physics might have developed in a direction that did not involve the con-
cept of a quark. It is undeniable that physics could have developed in
different directions. The various historical contingencies that shaped the
direction of research in physics could have been different, leading to the
development of different sorts of physical theories from those we cur-
rently accept. The constructionist, though, maintains that some of the
possible ways in which physics might have developed would have resulted
in a physics that is as successful as our contemporary physics. That is,
these alternative physical theories would have led to fruitful discoveries
and afforded our effective interaction in the natural world. Indeed, they
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would have afforded us successes equal to those our current theories have
afforded us. According to Hacking, this is Kuhn’s view.

Hacking contrasts the contingency thesis with a view he calls “inevi-
tablism,” the thesis that the various sciences, insofar as they are success-
ful, must develop in more or less the way they have in fact developed.
Inevitabilists believe that the alternative paths of change that science
might have taken would have resulted in a science less successful than
contemporary science.

Second, Hacking believes that constructionists are nominalists, and
thus deny “that nature has joints to be carved” (Hacking 1999, 83).
Hacking seems to be of two minds about what nominalism entails. In
his contribution to World Changes, Hacking claims that “nominalism is
not to be confused with ‘name-ism,” the doctrine that things have noth-
ing in common except their names” (1993, 307n. 5). But in 7he Social
Construction of Whar? Hacking claims that “nominalism is a fancy way of
saying name-ism. The most extreme name-ist holds that there is nothing
peculiar to the items picked out by a common name” (1999, 82). Given
that my chief concern is to understand Kuhn’s constructionism, we need
not determine which of Hacking’s characterizations of nominalism is cor-
rect. I will focus on Hacking (1999).

According to constructionists, scientists can carve nature in differ-
ent ways, grouping the same set of things in numerous different ways.
Constructionists emphasize that no particular way of grouping things has
a special claim on the allegiance of scientists. That is, no way of grouping
things is aptly described as #he true or ultimate way to group things. This,
Hacking claims, is Kuhn’s view. Hacking contrasts nominalism with a
view he calls “inherent structuralism,” the view that the way things ought
to be ordered and grouped by scientists is ultimately dezermined by nature.
On this view, there is a proper way to group things, and changes in theory
are our attempts to get closer to that ultimate and proper way of grouping
things. Ultimately, what we seek are theories that embody concepts that
cut nature at its joints.

Third, Hacking claims that constructionists are externalists.
“Externalism” and “internalism” are used to pick out a variety of dif-
ferent contrasting views. In the sociology and history of science an
internalist believes, roughly, that changes in science are to be explained
in terms of features internal to science, like developments in theory or
conceptual innovations. Steven Shapin suggests that internalists are
inclined to view “science as ‘essentially theory’” (1992, 342). In contrast,
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externalists believe that some changes in science are best explained in
terms of the influence of factors external to science, like innovations
in commercial or military practices, for example. Herbert Butterfield’s
(1957/1965) The Origins of Modern Science is regarded as a typical inter-
nalist history of science, tracing the development of ideas in early mod-
ern science, whereas Shapin and Schaffer’s (198s) Leviathan and the
Air-Pump is regarded as a typical externalist study of science. On their
account, it was not inevitable that the experimental philosophy asso-
ciated with Robert Boyle and the Royal Society came to dominate in
seventeenth century England. Rather, the influence of various external
factors secured the victory of the experimental program in early modern
England.

Shapin (1992) rightly notes that the distinction between internal and
external is harder to draw than many acknowledge. One might wonder,
for example, whether innovations in the organization of a research team
are to count as an internal or an external factor. On the one hand, such
innovations have an impact on scientists” abilities to realize their research
goals, and thus seem aptly characterized as internal. But on the other
hand, because the organization of a research team involves social factors,
it may seem apt to characterize it as external.’ We need not draw the line
between the internal and the external too precisely, for it is far from clear
that there is a principled way to distinguish internal and external fac-
tors. The important point for our purposes is that insofar as philosophers
are concerned with the issue, they are concerned to defend a brand of
internalism according to which when scientists are faced with competing
theories, the accepted theory is accepted because of the influence of the
epistemic merits of the theory. For philosophers, the alternative seems to be
some form of skepticism.

Externalists thus believe that the available data underdetermine theory
choice. Consequently, when there is a dispute between advocates of com-
peting theories the sorts of factors that ultimately bring about consensus
in the research community are “social factors, interests, [and] networks”
(Hacking 1999, 92). That is, factors like interests, rather than evidence,
ultimately lead scientists to reach a consensus about which of two com-
peting theories is superior. External factors thus bridge the gap between

3 Helen Longino (2002) has objected to the common contrast between the social and the rational,
arguing that something can be both social and rational. Shapin (1992) raises a similar concern

(349).
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theory and data. According to Hacking, this is Kuhn’s view on consensus
formation in science.

The competing view, the view that philosophers of science generally
endorse, is that reasons and evidence stabilize belief in disputes in sci-
ence. Because scientists respond to evidence, adjusting or modifying their
beliefs to new data, consensus will emerge as the scientists working in a
field attend to new data, with each scientist individually recognizing the
merits of the theory deemed to be superior.

It is because Hacking believes that Kuhn endorses the contingency
thesis, nominalism, and externalism that he regards Kuhn as a construc-
tionist. Hacking refers to these three claims as the “sticking points” that
divide constructionists and their critics. Importantly, Hacking believes
that these are genuine “philosophical barriers [between constructionists
and their critics], real issues on which clear and honorable thinkers may
eternally disagree” (1999, 68). Hence, Hacking doubts that construction-
ists and their critics will ever resolve their differences.

It is worth noting that Hacking’s characterization of construction-
ism is deeply philosophical, as he relates constructionism to persistent
and long-standing philosophical debates. Sociologists and historians are
apt to focus on different issues in their understanding of construction-
ism. For example, constructionist sociologists of science would be more
inclined to examine the role social factors, like gender and power, play in
science (see Sismondo 1996, chapter 4). And historians regard construc-
tionism as “a methodological orientation [rather] than a set of philo-
sophical principles” (Golinski 1988/2005, 6). It involves the recognition
that “scientific knowledge is a human creation ... rather than simply the
revelation of a natural order that is pre-given and independent of human
action” (6).

KUHN’S NOMINALISM

In the next two sections I want to examine the extent to which it is
appropriate to call Kuhn a constructionist. In this section, I argue
that Hacking is correct in claiming that Kuhn (1) endorses the contin-
gency thesis and (2) is a nominalist. But I argue that Kuhn endorses a
weaker form of nominalism than the form of nominalism that Hacking
attributes to him. Contrary to what Hacking claims, Kuhn does believe
that nature has joints. What makes Kuhn a nominalist, I argue, is his
conviction that there is no single proper way to group things with our
theories.
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Hacking is certainly correct to characterize Kuhn as a nominalist of
sorts, though Kuhn (1993/2000, 229) objects to the variety of nominal-
ism that Hacking attributes to him in Hacking’s contribution to World
Changes. Kuhn took Hacking to be attributing to him the view that
“there are real individuals out there, and we divide them into kinds at
will” (Kuhn 1993/2000, 229). It is as if there are 7o constraints on how we
group things. This is a misrepresentation of Kuhn’s view.*

Hacking, though, seems to characterize the nominalist dimension of
Kuhn’s view correctly when he claims that Kuhn believes that:

[Tlhe world is a world of individuals; the individuals do not change with a
change of paradigm [that is, a change of theory] ... But ... the world in which
we work is a world of kinds of things ... all working is under a description ...
Descriptions require classification, the grouping of individuals into kinds. And
that is what changes with a change of paradigm [that is, with a change of the-
ory]. (Hacking 1993, 277)

Like constructionism, “nominalism” has come to denote a variety of dif-
ferent positions. It was originally a metaphysical view about the nature
of universals. But as Alexander Bird (2003) notes, there is now a pos-
ition that is aptly described as epistemological nominalism. Whereas the
metaphysical nominalist “rejects the existence of universals,” the epis-
temological nominalist “rejects knowledge of universals” (Bird 2003, 70s;
emphasis added). We will see that insofar as Kuhn is a nominalist he is an
epistemological nominalist, for, like the positivists, his concerns are epi-
stemic, not metaphysical (see Sharrock and Read 2002, 66).

Of the three constructionist theses outlined above, nominalism is the
one that figures most importantly and explicitly in Kuhn’s view of science.
Kuhn’s commitment to nominalism is most evident from his remarks on
the nature of theory change in his later writings (see, for example, Kuhn
1979b/2000, 205; 19912/2000, 104). We saw above that when Kuhn rec-
ognized the ambiguity in the term “paradigm” he came to describe the-
ory change as involving a taxonomic or lexical change, a change in the
way scientists group the things in the world. For example, as we saw earl-
ier, Ptolemaic astronomers did not regard the Earth as a planet, whereas
Copernicans insisted that the Earth was like Jupiter and Mars, merely a
planet. Indeed, with this change in groupings came a change in mean-
ing (see Kuhn 19622/1996, 128; 1979b/2000, 205; 1991b/2000 218). “Planet”
+ In an effort to respond to Hacking’s characterization of his view, Kuhn (1993/2000) claims that

>

some of the referents of some terms scientists use, “like ‘force’ and ‘wave front’,” are not aptly
construed as individuals (229). I think Kuhn’s concern here is tangential to the real issue that
separates his own view from the view that Hacking attributes to him.
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came to mean a celestial body that orbits the sun, whereas previously
the term connoted “wandering star,” that is, a star that does not move
with the fixed stars. Similarly, after Darwin, ornithologists reordered the
relations between bird species, grouping species together that were not
grouped together before (see Andersen et al. 2006, 87—88). This change in
groupings was also accompanied by a change in meaning. Since Darwin,
“species” is a term that relates to lineages. As far as Kuhn is concerned,
every change in theory involves both changes in the way things are
grouped and changes in the meaning of key terms. Indeed, Kuhn chas-
tises Hacking for aiming to “eliminate all residues of a theory of meaning
from [Kuhn’s] position” (Kuhn 1993/2000, 229).

Kuhn also maintains that there is no point in talking about an ultim-
ate way of grouping things, a way that cuts nature at #he joints (see
Hoyningen-Huene 1989/1993, 267). He explicitly denies “that nature has
one and only one set of joints to which the evolving terminology of sci-
ence comes closer and closer with time” (Kuhn 1979b/2000, 205). Indeed,
as we saw in Chaptcr 6, even in Structure, he encourages us to give up the
image of science as an “enterprise that draws constantly nearer to some
goal set by nature in advance” (1962a/1996, 171). The history of science
does not support such a view. The sequence of changes in theory in a field
does not reveal a pattern of convergence (in this regard, see Laudan 1984).
But this is not to deny that “the number of solved scientific problems and
the precision of individual problem solutions ... increase ... markedly
with the passage of time” (Kuhn 1977¢, 320). Indeed, Kuhn never doubted
that science was successful in these respects (see Kuhn 1979b/2000, 206).

Kuhn’s brand of nominalism, though, must be distinguished from
other more extreme forms of nominalism, for example, the view of Barnes
et al. (1996), which they call “finitism.” In an effort to understand Kuhn’s
nominalism, it is worth clarifying how his view differs from the view of
Barnes ez al., according to whom “there is an ineliminable indefiniteness
associated with [applying a concept]” (54). In fact, on their view, every
new application of a concept is underdetermined (54).°

Interestingly, Hacking claims that it is a mistake to characterize the advocates of the Strong
Programme who explicitly claim to be influenced by Kuhn as constructionists (Hacking 1999,
65). I disagree with Hacking about this. Bird’s discussion of finitism and its relationship to
Kuhn’s view is especially insightful (see Bird 2000, 218—25), though I think Bird is mistaken to
regard their view as a metaphysical thesis. They are sociologists of scientific knowledge; their con-
cerns are epistemic.

Some of the critics of the Strong Programme claim that the advocates of the Strong Programme
believe that “anything can count as obeying the rules” with respect to applying concepts (see, for
example, Brown 1989, 37). This is a mistaken interpretation of their view. Clearly, the prevailing

EN
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Barnes er al. distinguish their own account of classification from a
conventionalist account of classification. According to the conventional-
ist view, once a community settles on conventions of classification, the
conventions

determine our subsequent taxonomic activity. It is as if the world is a cake, ready
to be cut in any number of ways, indifferent to how it is actually sliced. We
decide on how to do the slicing, but once it has been done the status of every-
thing in the world is fixed, and we must subsequently proceed as the conven-
tions “require.” (Barnes et al. 1996, s55)

According to this account of classification, what is underdetermined is the
choice between conventions or ways of classifying things. But, once this
mactter is settled, once a means of classification is selected, classification
becomes a straightforward procedure. Scientists just need to decide which
natural differences they will attend to in their theories. This character-
ization of the conventionalist account is similar to the view that Rudolf
Carnap (1950) defends, a view that Michael Friedman (2001) and others
suggest has strong affinities to Kuhn’s view.

Barnes ez al. believe that this popular account of classification is mis-
taken. They argue that “reflection on the empirical process of classification
suggests a better metaphor [than the conventionalist metaphor outlined
above]. We have put our knife into the cake and cut a certain way. But
nothing determines how we should continue to cut” (Barnes ez al. 1996, s5;
emphasis added). Hence, according to the finitist, settling on a set of con-
ventions does not eliminate ambiguity, for every instance of classification
is underdetermined. This seems to be the view that Hacking attributes
to Kuhn (see Hacking 1999, 99; see also Bird 2003, 706). Indeed, Barry
Barnes (2003) also suggests that Kuhn endorses their finitist account of
“concepts, norms, rules and laws, [and] model and theories” (129).

But Kuhn’s account of classification differs from both of these accounts.
On the one hand, Kuhn does not believe that classification is as underde-
termined as finitists claim. In fact, as noted above, Kuhn says explicitly
that Hacking is mistaken when he attributes to him the view that “there
are real individuals out there, and we divide them into kinds as we will”
(1993/2000, 229; emphasis added). Kuhn does believe that the choice
between competing theories or lexicons can be underdetermined. But

conventions can underdetermine how a concept is applied without thereby making every applica-
tion of a concept correct. Brown’s interpretation of their view implies that they believe “anything
goes,” a slogan made popular by Feyerabend, though even his use of that expression is often
misunderstood.
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once a theory is widely accepted, once a research community is engaged
in normal science, the choice of how to classify objects is generally not
underdetermined. It is in this respect that Kuhn’s account of classifica-
tion differs from the finitists’ account.

On the other hand, Kuhn does not believe that classification is ever as
settled as the conventionalist suggests. After all, Kuhn believes that even
in normal science the classification of a particular object or event can be
underdetermined. Kuhn calls such cases “anomalies.” And as far as he is
concerned, anomalies are an inevitable part of a7y normal-science trad-
ition. Indeed, anomalies are what ultimately undermine a normal scien-
tific research tradition. Hence, unlike the conventionalist, Kuhn believes
that no scientific taxonomy will ever unambiguously determine the classi-
fication of @/l objects and events. Part of the reason Kuhn is led to believe
this is that he believes that scientists inevitably encounter objects that
cannot be adequately accounted for given the conceptual resources of the
accepted theory.

One might think that compared with the finitists Kuhn hardly deserves
to be called a nominalist. After all, finitists suggest that the world does
not have any joints at all; instead, the world is like an undifferentiated
cake. It can be carved in an indefinite number of ways. Although Kuhn
acknowledges that the world can be carved in many different ways, he
insists that once scientists settle on a set of principles for carving, that is,
on a set of concepts, there are real constraints on how they classify objects
in the future, constraints imposed by mind-independent features of the
world (see Kuhn 1991a/2000, 101; 2000b 3175 see also Kuhn 1977¢, 331).
Indeed, Kuhn claims that “the metaphors of invention, construction and
mind-dependence are ... misleading ... The world is not invented or con-
structed” (19912/2000, 101). Rather, as Kuhn explains, we “find the world
already in place ... It is entirely solid: not in the least respectful of an
observer’s wishes and desires; quite capable of providing decisive evidence
against invented hypotheses which fail to match its behavior” (1o1).

Thus, it is a mistake to think that Kuhn believes that nature has #no
joints. Kuhn, though, does believe that there is no unique set of joints
that our concepts must get at in order to be useful or afford successful
interactions in the world (see Kuhn 1979b/2000, 205). It is for this reason
that it is appropriate to describe him as a nominalist. Compared with the
finitists, though, we should probably call him a weazk nominalist, some-
thing less than a “five” on Hacking’s scales of constructionism.

In his early work, Kuhn gives two reasons for believing that no theory,
that is, no set of principles for carving the world, will last forever. First, as
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far as he is concerned, every theory is partial, leading scientists to attend
to some features of the world, but not others (see Kuhn 1962a/1996, 126).
Indeed, it is because the theory they accept and work with restricts their
vision that scientists working in a normal-science tradition are so effective
at problem-solving. Such a partial perspective focuses scientists” attention
narrowly and selectively (Kuhn 19622/1996, 64). Kuhn suggests that sci-
entists may not even notice certain phenomena when they are working
within a particular theoretical framework. And novices, not yet commit-
ted to any theory, typically do not know what phenomena they ought to
attend to.

And because all theories are partial, a change of theory often involves a
change in what scientists seek to understand or model. For example, late
Renaissance astronomers who accepted the existence of crystalline spheres
did not ask what keeps the planets in their orbits. But by the late 1570s,
after the sighting of a comet that was determined to have passed through
the space beyond the Moon, the existence of such spheres came to be
questioned, and it became a legitimate question. Similarly, new questions
and phenomena became important when geologists accepted the theory
of plate tectonics. For example, once tectonic plates were hypothesized
to exist, geologists became interested in studying how these plates could
move laterally.

Second, scientists’ interests change as they develop the accepted theory
in their efforts to answer hitherto unsolved problems. Hence, they inev-
itably discover that a set of concepts that proved useful in understanding
one set of phenomena is less useful in understanding other phenomena.
A new theory is thus needed in order to account for the phenomena that
eventually come to be of interest to scientists.

Given Kuhn’s nominalism, it is not surprising that he also endorses
the contingency thesis, the view that science need not have developed the
way it did in order for it to be as successful as it is. If there is no ultim-
ate proper way to group things in the world, then it seems that science
could develop in a number of different ways. Further, it seems that more
than one of the possible ways science could have developed may have led
scientists to develop a theory that enables them to realize their goals and
manipulate the world in predictable ways.

Incidentally, Kuhn does believe that the general developmental pat-
tern of mature sciences is inevitable. In mature fields, periods of normal
science are interrupted by crises that end in revolutions which begin new
phases of normal science. But in conceding that this developmental pat-
tern is inevitable, Kuhn does not mean to suggest that the conceprual



160 Kubn'’s constructionism

developments in a successful field necessarily follow a specific sequence.
Hence, Kuhn would deny that the sequence of physical theories from
Aristotle’s to Descartes’, from Descartes’ to Newton’s, and from Newton’s
to Einstein’s was inevitable.

Inevitabilists, though, do draw attention to an important insight. Some
discoveries can only be made after other specific discoveries have been
made. Hacking gives the example of Lagrange and his contemporaries,
who had to develop the “mathematics in order to discover certain conse-
quences of Newton’s laws of motion and gravitation” (1999, 76). Without
these developments in mathematics, these consequences of Newton’s the-
ory may never have been known. Hence, as inevitabilists suggest, certain
discoveries can only be made on the condition that other specific discov-
eries have already been made. But one can grant this and still deny that
the path we actually took in science is the only possible path to a success-
ful science.

KUHN’S INTERNALISM

We saw above that Hacking is correct in claiming that Kuhn endorses the
contingency thesis and is a nominalist of sorts. Hacking, though, is mis-
taken in calling Kuhn an externalist. Indeed, there seems to be a lot of
confusion surrounding the relationship between Kuhn’s view and exter-
nalism and internalism. The sort of externalism that concerns us here is
the claim that social factors and interests are what bring about consensus
in science. More precisely, social factors and interests dezermine the out-
come of disputes between advocates of competing theories. This is not
Kuhn’s view (see Kuhn 2000b, 287).

Interestingly, Hacking recognizes that Kuhn does not regard himself
as an externalist. Hacking claims that Kuhn “insisted that he ... [is] an
internalist historian of science, concerned with the interplay of ideas, not
the interactions of people” (1999, 43; see also Hacking 1993, 282). Still,
Hacking maintains that Kuhn is an externalist (1999, 99). And other phil-
osophers share Hacking’s view on this issue. Ironically, Kuhn notes that
historians “sometimes complained that [his] account of scientific devel-
opment is too exclusively based on factors internal to the sciences them-
selves” (Kuhn 1977b, xv; emphasis added). Sociologists of science hold a
similar view. They claim that Kuhn became increasingly internalist in
orientation after the publication of Structure (see Pinch 1979, 439). But,
apparently, Alexandre Koyré claimed that Kuhn had struck the right
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balance, and “brought the internal and external histories of science ...
together” (Kuhn 2000b, 286).

As we look at the evidence for treating Kuhn as an internalist it is
important to remember that not all social influences on science threaten
the integrity of science. For example, the external factors that influence
what topics are researched do not necessarily threaten the epistemic integ-
rity of science. Many have noted that more money and research efforts
have been spent trying to understand the causes and cures of diseases that
tend to affect white middle-class men than those that tend to affect work-
ing-class women. This is largely a function of the power and resources
each group commands in society. But we can admit that such factors
influence the direction of scientific research without thereby suggesting
that choices between competing theories are determined by factors exter-
nal to science. It is the latter sort of influence that concerns philosophers.
Hence, if Kuhn is an externalist, then he must maintain that #heory choice
is determined by external factors.

Kuhn (1968/1977) acknowledges that non-scientific social factors often
influence the rate of change in science (119). Further, he claims that exter-
nal factors have a more pronounced influence in underdeveloped fields.
But he insists that in mature fields, the focus of his concern, research com-
munities are largely insulated from the influence of external factors (119).
Consequently, in such fields, internal factors are responsible for change.

Before explaining in detail why Kuhn is not an externalist, I want to
briefly consider why many have been led to think otherwise, for Hacking
is not alone in regarding Kuhn as an externalist. Many have been led to
think of Kuhn as an externalist because of his remarks on how subject-
ive factors influence scientists when they are faced with a choice between
two competing theories (see Kuhn 1977¢). Kuhn does in fact believe that
individual scientists are influenced by subjective factors in their decision-
making. For example, he claims that subjective factors may lead one
scientist to weigh the five commonly identified objective criteria of the-
ory choice — accuracy, simplicity, consistency, scope, and fruitfulness —
differently from another scientist. As a result, confronted with a choice
between two competing theories, one scientist might prefer the simpler
theory to the theory that is broader in scope, when another scientist is led
to choose the theory that is broader in scope (Kuhn 1977¢, 3225 see also
Kuhn 1979b/2000, 204). Such divergences in judgments could even hap-
pen when scientists have access to the same body of data. But this admis-
sion on Kuhn’s part, this recognition of the underdetermination of theory



162 Kubn'’s constructionism

choice by evidence, does not warrant calling him an externalist. After all,
Kuhn is not saying that subjective factors are responsible for consensus for-
mation in science.

According to Kuhn, when theory choice is underdetermined by the
evidence, subjective factors ensure that different theories are developed (see
Kuhn 1977¢, 332). As a result, the various competing theories are refined.
In the process, new evidence is amassed, and, in time, the epistemically
superior theory emerges as the victor (see Hoyningen-Huene 1992, 493
and 496). Importantly, this process enables the research community to
determine which theory is superior. When scientists are influenced by
subjective factors, it induces different scientists to work with different
theories, which ensures that competing hypotheses are developed to the
point where it becomes clear which theory is superior. Subjective factors
thus provide a research community with a means to resolve the problem
of theory choice. Such factors cause individual scientists to take sides in a
dispute which divides research efforts effectively, thus aiding the research
community in selecting the superior theory. Kuhn notes that “what from
one viewpoint may seem the looseness and imperfection of choice cri-
teria ... appear as indispensable means of spreading the risk which the
introduction or support of novelty always entails” (1977¢, 332). Hence, on
Kuhn’s view, subjective factors merely play an instrumental role in ensur-
ing that the superior theory is the one that is ultimately accepted by the
research community.

Kuhn uses an episode from the history of science to illustrate his point
about the role of subjective factors. In 1600, an astronomer could justi-
fiably choose to endorse ecither Prolemy’s theory, Copernicus’ theory, or
Brahe’s theory. None of the three theories was more accurate than the
others (see Kuhn 1977¢, 323). But by the 1640s the situation had changed
dramatically. The new evidence generated and collected and the refine-
ments made to the Copernican theory rendered it vastly superior to the
competitor theories. These developments were made possible because
individual astronomers were influenced by subjective factors earlier,
when it was less apparent which theory was superior. Even Kepler’s neo-
Platonism may have played a constructive role in this way. Kuhn claims
that “if Kepler or someone else had not found ... reasons to choose helio-
centric astronomy [the] improvements in accuracy [he achieved] would
never have been made, and Copernicus’s work might have been forgot-
ten” (Kuhn 1977¢, 323). But the subjective factors that influenced sci-
entists are not what determined which theory was ultimately accepted
by the research community. That is, Kepler’s neo-Platonism is not what
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persuaded other astronomers to accept the Copernican hypothesis. And
it is certainly not what led to the consensus when the Copernican theory
became the dominant theory.

In summary, according to Kuhn, subjective factors play an important
role in the process of theory change, influencing individual scientists in
choosing a theory when theory choice is underdetermined. But this does
not make Kuhn an externalist. After all, as mentioned in chapter 1, a
single scientist choosing one theory over another does not constitute an
instance of theory change, at least not in the sense relevant to philoso-
phers of science concerned with the epistemology of science. Theories are
sustained and transmitted by research communities (Kuhn 1991b/2000,
220-21 [cf. 1977b, xx]; see also Hacking 1993, 276).° And a theory is not
aptly described as the accepted theory unless it is widely held in the
community.

Having clarified what Kuhn has said about the role subjective fac-
tors play in science, I will now explain why Kuhn is not aptly described
as an externalist. Kuhn believes that epistemic factors stabilize belief in
the research community. It is in this respect that he is aptly described
as an internalist. Kuhn notes that “before the group accepts [a new the-
ory, it] has been tested over time by the research of a number of men,
some working within it, others within its traditional rival” (1977¢, 332).
A consensus will only emerge and the competitor theories will only be
abandoned when one theory is deemed to be epistemically superior to
the competitors. Granted, different scientists are apt to be moved by dif-
ferent considerations in their assessment of the competing theories (see
Kuhn 1977¢, 329). But, at some point, most agree that the conceptual
resources afforded by one theory are superior to those afforded by the
competitors.

~

One of Kuhn’s main lasting contributions to philosophy of science is his recognition that the
influence of subjective factors cannot be relegated to the context of discovery. Such factors can
and often do play a role in the context of justification (see Kuhn 1977¢, 32627, for his con-
cerns about relegating the influence of subjective factors to the context of discovery). This insight
has been developed by numerous philosophers of science since Kuhn. To some extent, David
Hull’s (1988) invisible hand explanation for the success of science, Philip Kitcher’s (1993) work
on the division of epistemic labor in research communities, and Miriam Solomon’s (2001) “social
empiricism” build on this dimension of Kuhn’s project.

Although Kuhn believes that the research community is #he locus of theory change, he is not sug-
gesting that research communities are agents, capable of choosing between competing theories.
In fact, Kuhn explicitly denies this (see Kuhn 1991a/2000, 103; 2000b, 283; see also Sharrock and
Read 2002, 47). Some commentators and critics, including Hoyningen-Huene, have failed to
draw this distinction (see Hoyningen-Huene 1992, 495; 1989/1993, 200 and 205).

o
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Moreover, Kuhn claims that belief in science is also destabilized by
epistemic factors, not social factors and interests. It is a misfit between
the accepted theories and the world that leads scientists to develop alter-
native theories and introduce conceptual innovations. Kuhn explains
that “alterations in the way scientific terms attach to nature ... come
about in response to pressures generated by observation or experi-
ment” (1979b/2000, 204). Copernicus, for example, was motivated to
develop his theory of planetary motion because he was dissatisfied with
Ptolemy’s appeal to the equant, a device he thought was employed in
an ad hoc fashion. Copernicus sought to achieve a better fit between
theory and world. Similarly, Kepler’s appeal to elliptical orbits was an
attempt to achieve a better theory-to-world fit in an effort to account
for Brahe’s data on Mars. In both cases, the impetus for theory change
is internal to science. Hence, contrary to what Hacking claims, Kuhn is
an internalist.

RATIONALITY AND RELATIVISM

In explaining why Kuhn is an internalist, I have also provided some
insight into why critics are mistaken in accusing Kuhn of irrationalism.
Were it the case that a research community settles disputes on the basis of
subjective factors, then Kuhn would be guilty of making theory choice a
non-rational process. But since Kuhn makes it clear that such matters are
settled on the basis of epistemic considerations, this version of the charge
of irrationalism is ungrounded.

I want now to examine two additional charges of relativism that have
been leveled against Kuhn, specifically, the charge that his conception
of rationality is subjective and the charge that he gives us no reason to
believe that science is a more effective way to gain knowledge of the world
than other practices. Both of these charges, we will see, are ungrounded.

The fact that Kuhn had such an impact on the development of the
Strong Programme has affected the way he is commonly read by philoso-
phers. Because the proponents of the Strong Programme are relativists,
some have regarded Kuhn’s view as entailing some form of relativism.
And because the Strong Programme’s relativism is thought to entail
irrationalism, Kuhn’s view is also sometimes characterized as undermin-
ing the rationality of science. In the remainder of this chapter, I want to
examine and address one recent version of this line of reasoning, a line of
reasoning developed by Michael Friedman.
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Friedman (2001) has recently taken issue with Kuhn’s view of rational-
ity, arguing that it leads to relativism (s1). He notes that the proponents of
the Strong Programme who claim to be building on Kuhn’s work openly
embrace relativism (49). Friedman recognizes that Kuhn rejects the “rela-
tivist implications of his views” and has sought to distance himself from
the views of the Strong Programme. But Friedman claims that Kuhn is
unsuccessful in addressing the charge of relativism (50). Friedman traces
the failure of Kuhn’s view to what he regards as an inadequate conception
of rationality. Kuhn believes the operative notion of rationality in science
is instrumental rationality. Friedman, though, argues that “instrumental
rationality is in an important sense private and subjective” (s5). Because
“human ends ... are notoriously diverse and variable ... there can be no
ground for a truly universal rationality within purely instrumental rea-
son” (s5).

Friedman contrasts instrumental rationality with communica-
tive rationality, a notion he borrows from Jiirgen Habermas. Whereas
the former type of rationality is merely concerned with “maximiz-
ing our chances of success in pursuing an already set end or goal,” the
latter type of rationality is more substantive (see Friedman 2001, 54).
Communicative rationality “is essentially public or intersubjective. It
aims, by its very nature, at an agreement or consensus based on mutually
acceptable principles of argument or reasoning shared by all parties in a
dispute” (s5).

Friedman’s description of communicative rationality is elusive. Clearly,
it is meant to be more substantive than instrumental rationality, but
more substantive in what ways it is difficult to determine. In After Virtue,
Alasdair Maclntyre gives us some sense of what a more substantive notion
of rationality might involve. He claims that reason, conceived in a non-
instrumental sense, “instructs us both [on] what our true end is and [on]
how to reach it” (Maclntyre 1981/1984, 53). Instrumental rationality, on
the other hand, is merely concerned with the latter task. It is not exactly
clear how a substantive conception of scientific rationality would instruct
us on what our ends are. But, minimally, Friedman’s more substantive
notion of rationality is meant to be less subjective than instrumental
rationality.

Friedman grants that Kuhn is correct in claiming that “the scientific
enterprise as a whole has in fact become an ever more efficient instrument
for puzzle-solving” (2001, 53). That is, he grants that it is rational by the
standards of instrumental rationality. But Friedman claims that even if
science satisfies the standards of instrumental rationality, the threat of
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relativism persists. For, according to Friedman, one needs to show “that
the scientific enterprise thereby counts as a privileged model or exemplar
of rational knowledge of ... nature” (53). Thus, in order to address this
threat of relativism, one must show that science is the privileged way of
investigating nature.

With respect to these two charges of relativism, it seems that
Friedman considers Kuhn guilty merely because of his influence on the
Strong Programme. Because the proponents of the Strong Programme
are both self-proclaimed relativists and self-identified Kuhnians, Kuhn
is branded as a relativist. In the remainder of this section, I want to
defend Kuhn’s view by addressing Friedman’s concern about ground-
ing the epistemic superiority of science, as well as his concern about the
subjective and private nature of instrumental rationality. In addition to
showing that these charges of relativism against Kuhn are ungrounded,
I want to show that such charges are even unfair to the proponents of
the Strong Programme. They are relativists of sorts, but they do not
believe that other knowledge-seeking practices are as epistemically
effective as science.

Let us first consider the Strong Programme. Contrary to what many
of their critics suggest, the proponents of the Strong Programme recog-
nize the success of science and place great value on the methods of sci-
ence. Steven Shapin (1996), for example, claims that “science remains ...
certainly the most reliable body of natural knowledge we have got” (165).
And Barnes ez al. (1996) employ the methods of science in their socio-
logical studies of science, thus demonstrating their commitment to the
value of science. It would be very odd to employ the methods of science,
as these sociologists of science do, if one did in fact have such a low opin-
ion of their value, as their critics suggest they do.

There are two sources of confusion that have led many philosophers
to assume that these sociologists of science doubt the efficacy of science.
First, as both Barnes ¢z al. (1996) and Shapin (1996) note, some think
that to examine science objectively, that is, to adopt a “non-evaluative
approach” to the study of science, is to be critical of science (Barnes ez a/.
1996, x; Shapin 1996, 165). But this is not so. In fact, as they note, scien-
tists aim to adopt such an approach in their own studies. Hence, these
sociologists of science merely approach their study of science with the
same attitude scientists adopt in their studies. That is, they are merely
being scientific.

Second, it seems that some philosophers think that the Strong
Programme’s symmetry principle implies that science is no better than
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other cultural practices. This is not so. The symmetry principle demands
that we seek similar causes for both true beliefs and false beliefs (Barnes
and Bloor 1982). In particular, it discourages us from explaining those
beliefs that we now think are true as caused by reality, and explaining
those beliefs that we deem to be false as caused by the intervention of some
sort of social factor. The critics of the Strong Programme thus assume
that social factors have a distorting effect on science. Consequently, the
critics believe that if we seek to find the social causes of all our beliefs,
then we are assuming that they are all contaminated. The proponents of
the Strong Programme, though, do not assume that the impact of social
factors on science is necessarily bad or distorting. A belief can be true
even if it has a social cause.

Further, contrary to what their critics suggest, the symmetry principle
does not imply that non-scientific practices are as efficacious as our best
scientific practices. Rather, what the symmetry principle implies is that
science should be investigated in the same way that other social practices
are investigated. This methodological assumption, though, makes no pre-
sumptive judgment that science is either equal or inferior to other epi-
stemic practices. And, given that the proponents of the Strong Programme
embark on scientific studies of science, it is doubtful they believe that
there are any better approaches or methods they could have chosen. The
methods they employ in their own studies thus demonstrate their alle-
giance or commitment to science.

Kuhn also does not question either the efficacy of science or the epi-
stemic superiority of scientific inquiry. Indeed, numerous commentators
regard Kuhn as an apologist for science, taking for granted the success
of science (see, for example, Fuller 2000; Barnes 2003, 135). And, like the
proponents of the Strong Programme, Kuhn believes that empirical stud-
ies of science are the key to developing a better understanding of science.

Let us now consider Friedman’s claim that instrumental rational-
ity is private and subjective. Friedman believes that an instrumentalist
conception of rationality like Kuhn’s makes the goals of science private
and subjective. Because advocates of such a conception of rationality
regard the goals of science as private and subjective, they have no basis
for claiming that science is getting at a true account of the world (see
Friedman 2001, 54).

Again, Friedman is mistaken in the way he characterizes Kuhn’s view.
Given Kuhn’s views about scientific research, it would be misleading to
describe the goals and values of science as subjective or private. An indi-
vidual scientist certainly does not have the liberty to determine the goals
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and values of her research field. Rather, scientists work in and as part
of a research community or scientific specialty. Consequently, a scien-
tist’s research goals and values are determined, to a large extent, by the
research community to which she belongs. In this respect, the goals of
science are not aptly described as subjective or private. Granted, when
there is a crisis in a field the members of a research community will be
divided about what their goals should be. But it is difficult to see how
this sort of situation can pose a deep or persistent threat to the rational-
ity of science. And it is even more difficult to see how it might lead one
to think that science is on an equal epistemic footing with other non-
scientific practices.’

My aim in this chapter has been to clarify the nature of Kuhn’s con-
structionism, for much of the resistance to his view is based on the fact
that he is alleged to be a constructionist. Hacking has identified three
distinct issues that divide constructionists and their critics — contingency,
nominalism, and externalism — thus drawing attention to the complex-
ity involved in classifying anyone as a constructionist. Hacking regards
Kuhn as a constructionist in virtue of his position on all three of these
issues.

Although I agree with Hacking that Kuhn is a constructionist, I have
challenged Hacking’s characterization of Kuhn’s constructionism in two
ways. First, I have argued that Kuhn is only a weak nominalist. He does
not accept the strong nominalist thesis that nature has no joints. But
Kuhn does believe that there is not a unique correct way to sort nature into
kinds. Hence, he does not believe that a successful scientific theory need
employ any specific set of kind terms. Second, I have argued that Kuhn
is not an externalist. Contrary to what externalists claim, Kuhn believes
that disputes between advocates of competing theories are resolved on
the basis of a consideration of the epistemic merits and the promise of the
theories, not on the basis of social factors and interests. Subjective fac-
tors do play an important role in the resolution of disputes, ensuring that
competing theories are developed, and thus ensuring that the strengths
and weaknesses of the theories are exposed. But, ultimately, consensus
is achieved on the basis of epistemic considerations. Finally, I suggested

9 Gerry Doppelt (1978) regards Kuhn’s view as a form of relativism, but Doppelt claims that Kuhn
regards reasons and their strength as relative to “the standards internal to particular paradigms
[that is, theories]” (53). What counts as a reason is determined by the theory one accepts. This
form of relativism, though, seems to pose no serious threat to the rationality of science, provided
one is not trapped in a theoretical framework incapable of seeing an alternative view.
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that, given that Kuhn is not an externalist, the common charge that he
regards theory choice as either a non-rational or an irrational process is
ungrounded. Hence, contrary to what some of his critics suggest, the
mere fact that Kuhn is a constructionist does not constitute grounds for
rejecting his view.”

©© There is another way in which Kuhn’s view might be and has been construed as a form of con-
structionism. Paul Hoyningen-Huene notes that Kuhn believes that the “phenomenal world” is
“aworld constituted by the activities of knowing subjects” (Hoyningen-Huene 1989/1993, 29). In
this respect Kuhn’s view is similar to Kant’s view. Although Kuhn believes that the world is con-
stituted by knowing subjects, Hoyningen-Huene adamantly insists that Kuhn is not an idealist.
Hoyningen-Huene explains that “for Kuhn, reality, that is, a particular phenomenal world, is ...
object-sided, independent of all influence by subjects, in its substantiality” (Hoyningen-Huene
1989/1993, 268). The similarities between Kuhn’s view and Kant’s view have been explored exten-
sively by Hoyningen-Huene (1989/1993) and continue to be explored by Friedman (2001). We
need not pursue this constructionist thread in Kuhn’s work further here, though, for as James
Conant and John Haugeland (2000) note, Kuhn came to repudiate certain Kantian elements
that he had endorsed earlier in his career.



CHAPTER IO

What makes Kuhn's epistemology a social
epistemology?

One of Kuhn’s key contributions to the philosophy of science was to dir-
ect our attention to the epistemic relevance of the social dimensions of
scientific inquiry. Kuhn shows us that there are limits to what we can
learn about science and scientific knowledge when we restrict ourselves
to a study of the logic of science, as the logical positivists and Popper
do. Scientific inquiry is a complex social activity. And the social dimen-
sions of science play an important role in ensuring the success of science.
Kuhn’s epistemology of science is thus a social epistemology of science.
Kuhn, however, does not describe his project as a social epistemology of
science.’ This is not surprising, given that the term “social epistemology”
became widely used among philosophers only in the 1980s, with the pub-
lication of the journal Social Epistemology.

The term “social epistemology” has come to mean different things
to different people. Sometimes it connotes the study of such things as
expertise or testimony as sources of knowledge (see Schmitt 1994, 4-17;
Goldman 1999, chapter 4). At other times, social epistemology concerns
science policy issues, including whether and to what extent the pub-
lic which pays for science through taxation should shape the scientific
research agenda (see, for example, Fuller 1999). And “social epistemology”
sometimes connotes a concern with whether the social characteristics of
inquirers affect their prospects of developing an objective account of the
world or some part of it (see Schmaus 2008).> Kuhn’s epistemology of

Concern for understanding the social dimensions of science was a central part of Kuhn’s pro-
ject. When he was reflecting on the criticisms raised at the London conference in the 1960s, he
remarked that “a new version of Structure would open with a discussion of community structure”
(1970b/2000, 168). And in the Postscript to Structure, Kuhn explicitly notes that because “both
normal science and revolutions are ... community-based activities ... to ... analyze them, one
must unravel the changing community structure ... over time” (Kuhn 1969/1996, 179—80).

R. K. Merton (1972/1973) uses the term “social epistemology” in an article in which he investigates
the competing claims of epistemic superiority of outsiders and insiders (123n. 41). Many femin-
ist epistemologists are also concerned with understanding how social marginalization can be an
epistemic asset. But Merton’s work has had no impact on the feminists who discuss this issue.

»
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science is a social epistemology because he sought to understand how the
social dimensions of science contribute to the success of science.

It was Kuhn’s concern for the social dimensions of science that attracted
the attention of sociologists of science, leading to the emergence of a new
approach to the sociology of science, the Strong Programme’s Sociology
of Scientific Knowledge. The proponents of the Strong Programme were
not content with studying the culture and institutions of science, the
traditional subjects of sociological studies of science. Instead, they sought
to understand how social factors influence the content of science.’

As I have repeatedly mentioned, Kuhn went to great lengths to dis-
tance his own view from the views of these sociologists who credit him
with their inspiration. But many of Kuhn’s philosophical critics treated
and continue to treat his view as essentially indistinguishable from the
new sociology of science, convinced that his project differs very little from
it (Laudan 1984; Friedman 2001). And because the Strong Programme
is perceived to threaten the authority of science, Kuhn’s philosophy of
science has often been deemed to undermine the epistemic authority of
science. In this chapter, I want to clarify further the relationship between
Kuhn’s view and the views of the sociologists inspired by him. I will do
this by examining the nature of Kuhn’s social epistemology.

I focus on four key aspects of Kuhn’s social epistemology. First, Kuhn
analyzes the education of young scientists. He notes how uncritical the
process is, and how it leads scientists to be myopic, attending to only cer-
tain features in the environment. But Kuhn claims that scientists are as
effective as they are because of the socialization process they undergo.
Second, Kuhn believes that scientific knowledge is produced by groups,
indeed very special sorts of social groups. Consequently, an adequate epis-
temology of science must take this into account. Third, Kuhn believes

This is unfortunate, as Merton’s analysis of the relative value of the two perspectives is quite
insightful.

3 Among sociologists of science, there is a common narrative of the development of their field.
According to this narrative, the early 1970s were liberating times for sociologists of science. Prior
to this time sociologists of science, in particular, the Mertonians, had been concerned mainly
with studying the institutions of science as social institutions, leaving the study of the content of
science to philosophers of science. But a careful reading of a number of the papers in Merton’s
(1973) Sociology of Science challenges this narrative. Merton was certainly concerned with issues
that deserve to be classified as epistemological. His analyses of publication norms in science, for
example, have profound epistemic implications (see Merton 1959, 1961/1973, 1963/1973). Merton
suggests that science would never have become the important social institution it has become
without scientists developing the means — scientific periodicals — and the inclinations — fed by
peer recognition — that led them to make public the results of their research. This process began
in the seventeenth century, when scientists sought to distinguish themselves from alchemists who
were understandably extremely secretive.
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that scientific change is a form of social change. Consequently, in order to
understand science we must understand the nature of the social changes
underlying changes of theory and scientific specialty formation. Fourth,
Kuhn believes that philosophers must draw on social scientific research in
an effort to develop an adequate epistemology of science. To neglect such
research would impede us in developing an adequate understanding of
science.

I end this chapter by briefly examining some of the normative implica-
tions of Kuhn’s social epistemology of science.

MAKING SCIENTISTS

Kuhn’s analysis of the education process in science is intended to uncover
for the curious outsider, that is, the philosopher of science, how scientists
are able to achieve their epistemic goals. In particular, he wants to explain
how the scientists working in a sub-field are able to see the world the same
way. This uniformity of vision plays a crucial role in making normal sci-
entific research so effective.

Kuhn describes the education of young scientists-to-be as a highly
regimented and controlled process (Kuhn 1962a/1996, 11; 1959/1977, 237).
According to Kuhn, scientific education is “a relatively dogmatic initi-
ation into a pre-established problem-solving tradition that the student is
neither invited nor equipped to evaluate” (Kuhn 1963, 351). The process of
enculturation into a scientific research community is remarkably uncrit-
ical. It aims to immerse the young trainees into a scientific culture, to
enable them to see the world through the lenses of the accepted theories
and to work with the accepted exemplars. The purpose of this process is
to socialize the young scientists-in-training, to make them fit for scientific
research. Indeed, according to Kuhn, science is so effective at realizing
its goals because of this thorough socialization. This is what ensures that
young scientists-in-training are able to see the sorts of things that their
mentors and advisors are able to see so effortlessly, the sorts of things
that they must learn to see in order to be effective researchers (see Kuhn
19622/1996, 17).*

+ This is the point that Norwood Russell Hanson (1958/1965) was making in his analysis of the
perception of gestalt images. The well-trained scientist does not interpret the data. Rather, she
sees the data as she was trained to see it, through the lenses of the accepted theory. Indeed, it is
because perception is theory-laden that scientists are able to see as much as they can when they
look at the world. When we compare what the scientist sees with what the layperson sees, it is as
if the layperson has impaired vision. Lorraine Daston’s (2008) work on scientific observation, in
meteorology, for example, illustrates this same point.
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Textbooks are explicitly designed to support the enculturation of young
scientists-in-training. They are largely devoid of the history of the science,
except to support a Whig account of the field, one that makes the present
practices and accepted theories look like the inevitable culmination of all
previous successes. The errors of the discipline’s heroes are not mentioned,
nor are their interests insofar as they diverge from the research interests
of contemporary researchers in the field. It is only Newton the physicist,
not Newton the alchemist or theologian that contemporary students of
science learn about in their science textbooks.

The problems or exercises students tackle as part of their education
make the student familiar with the accepted exemplars and scientific
lexicon, the tools that are indispensable to their subsequently making a
contribution themselves. They are designed to teach the student how key
theoretical concepts relate to each other and the world.

But the socialization process that makes new scientists not only makes
people capable of doing scientific research, it also makes people myopic
and narrow in their expertise. Scientists are often unable to see things
that will later prove to be important after a new theory is accepted. And
scientists become specialists in a very narrow research area. Outside their
area of expertise, scientists are dependent on the expertise of others,
much like the typical layperson. Scientists who need to draw on research
in neighboring fields have little choice but to accept what they read in
authoritative sources or what they are told by other scientists working in
the relevant fields.

SCIENTIFIC KNOWLEDGE IS A SOCIAL PRODUCT

The primary way in which Kuhn’s epistemology of science has influenced
developments in social epistemology is in drawing attention to the fact
that scientific knowledge is produced by groups. This fact is not incidental
to the success of science. Kuhn is explicit about this, claiming that:

[TThough science is practiced by individuals, scientific knowledge is intrinsically
a group product and ... the manner in which it develops will [not] be understood
without reference to the special nature of the groups that produce it. (1977b, xx)

The role that groups play in scientific research is vividly illustrated in
the following anecdote from James Watson’s account of the discovery
of the structure of DNA. Watson notes that at one point in the discov-
ery process he uncritically consulted a respected reference book, J. N.
Davidson’s 7he Biochemistry of Nucleic Acids, in order to find information
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about tautomeric forms (Watson 1968, 182). Working with this informa-
tion, Watson was led down a dead-end trail. Later, he discovered that the
information in the text was widely regarded as false by crystallographers,
thanks to the insight of Jerry Donahue (190). Watson was cleatly outside
his area of expertise. But, with Donahue’s assistance, he was set in a new
and more promising direction. Working alone, Watson was unlikely to
discover the structure of DNA. But with the help of others, including
Donahue, Francis Crick, Maurice Wilkins, and Rosalind Franklin, the
structure of DNA was discovered. Watson’s experience illustrates Kuhn’s
point that the products of scientific research are really the products of the
specialized groups created to produce scientific knowledge. Kuhn believed
that an epistemology of science must take account of these facts.

Throughout Structure Kuhn went to great lengths to show that the
social structure of research communities plays an indispensable role in
creating the type of social group equipped to realize the goals of science.
He describes scientific research communities, especially in their normal
scientific research phases, as tradition-bound and rather insular. The
effectiveness of normal scientific research is due to the fact that the mem-
bers of the research community can take for granted many assumptions
about both how the world is structured and how science is properly done.

It is only when scientists settle their differences about the fundamentals
in a field that scientific research proceeds with the machine-like efhiciency
that we have come to associate with it (see Kuhn 1962a/1996, 18). Until
the scientists in a field establish a normal-scientific research tradition,
until they settle on a scientific lexicon, there will be competing schools,
each working with its own lexicon. And as long as scientists are divided
into competing schools, each generation will begin afresh, reconstructing
their field on a new foundation. Little progress can be made in those areas
of science that remain in this undeveloped state (15).

But once those working in a scientific field can settle on the funda-
mentals, they collectively become an efficient instrument for developing
an elaborate and detailed understanding of the phenomena they study. By
employing the same scientific lexicon, they cut nature at the same joints.
Further, they learn to discriminate between the phenomena in the same
way. They see the world in the same way, even as they see things and
differences in the phenomena that others, specifically those outside the
group, are unable to see.

Not only are the products of research produced by the group, the
infrastructure necessary for successful scientific inquiry is sustained by
the group. Kuhn insists that scientific concepts are “the possession of
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communities” (1991b/2000, 219). Specifically, he wants us to see that sci-
entific concepts “are largely shared by members of a community, [and]
their transmission from generation to generation ... plays a key role in the
process by which the community accredits new members” (219; see also
Barnes 1982, 23). This is why Kuhn refers to the cluster of concepts, prac-
tices, norms, and standards that relate to the research activities of normal
science as a research tradition. Like other traditions, they are sustained
and perpetuated only through the concerted efforts of the group.

And the same can be said for the standards of science. Standards of
accuracy and reasonableness are both determined and sustained by the
research community (see Doppelt 2001; Barnes 2003, 130-32). What
counts as evidence or a vindicated prediction is determined by the rele-
vant research community, with different communities tolerating different
margins of error. Furthermore, any innovations in standards must, ultim-
ately, be accepted by the relevant research community.

It is worth remembering that Kuhn does not say that the research com-
munity is an agent, capable of knowing. He explicitly claims that research
communities do not undergo gestalt shifts with a change of theory.
Individual scientists may experience something like a gestalt shift, as they
move between two competing theories. But the community has no such
capacity. There is no group mind. Rather, the community, the collection
of similarly trained individuals, sustains the scientific lexicons, exemplars,
and standards that enable scientists to pursue their epistemic goals’

Much of what Kuhn says about scientific knowledge being produced by
groups is now widely accepted by philosophers. Hence, this part of Kuhn’s
social epistemology has been integrated into philosophy of science.

SCIENTIFIC CHANGE IS A FORM OF SOCIAL CHANGE

According to Kuhn, significant scientific changes, like changes of the-
ory and the creation of a new scientific specialty, involve significant
social changes. Research communities are not static. When the growth

5 There is, currently, some debate about whether the various social groups in science — research
teams, specialty communities, and the scientific community as a whole — are aptly described as
having the capability to believe something or hold a view (see Gilbert 2000; Wray 2007b; Rolin
2008; Thagard 2010; and Fagan forthcoming). I argue that only research teams have this capabil-
ity, for they are the only social group in science that has the capacity to accept a view that is not
reducible to the views of the individual members of the group (see Wray 2007b). They have this
capacity, I claim, in virtue of the fact that they are organized by a functional division of labor.
As a result, the members of a research team have an organic solidarity. In contrast, the various
members of a scientific specialty have only a mechanical solidarity, that is, they are likeminded.
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of knowledge requires it, research communities are capable of significant
change. Kuhn notes that scientific research communities are (1) rigid and
inflexible when they need to be, and yet (2) capable of adapting to radical
changes when they need to, in ways that other social institutions are not.
This is part of the essential tension that fascinated Kuhn. Science seems
to embody conflicting qualities that are often not seen together in other
parts of the social world. This balancing between inflexibility and limber-
ness is what makes science so successful at achieving its goals.

We see this essential tension manifested in Kuhn’s characterization of
the cyclical pattern of changes that he believes are essential to scientific
progress — the change from pre-theoretical scientific research to normal
scientific research, the change from normal scientific research to crisis,
and the change from crisis to revolution. These changes all involve sig-
nificant changes in the social order of the research community. A crucial
part of the transition from pre-theoretical science to normal science is the
emergence of a consensus on a scientific lexicon, that is, agreement about
how nature is to be divided into kinds. This requires, to some extent, a
loss of flexibility in the community. No longer will the alternative ways of
dividing the phenomena that characterize the various schools of thought
in the pre-theoretical phase of a scientific field be tolerated. Now, one
lexicon or taxonomy will enjoy hegemony in the research community.
The suppression of alternative lexicons, the suppression of alternative ways
of dividing the phenomena, is essential to establishing a normal-scientific
research tradition. But, in time, the accepted lexicon will prove to be an
impediment to science, rather than an asset, as it initially was when it
enabled the competing schools to finally settle disputes about the funda-
mentals in the field.

A change in theory, Kuhn claims, requires the erosion of the existing
consensus and the emergence of a new consensus (see Kuhn 19622/1996,
158). This process involves compelling a community to work with a new
lexicon, to sort the phenomena in fundamentally new ways. Hence, in
order for us to understand the nature of theory change what we ultim-
ately need to understand are the causes of the social changes in research
communities. In chapter 2, we saw how the Copernican revolution in
astronomy was only brought to a close when early accepters of the new
theory, including Kepler and Galileo, developed the theory and gathered
new data to support it.

And as we saw in chapter 7, the creation of a new scientific specialty
also involves a significant social change. Specialty creation, though, dif-
fers markedly from theory change, where one theory replaces another.
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Specialty formation involves the division of a once-cohesive research com-
munity into two separate groups. The process is facilitated by isolation.
Only when the scientists in the two groups no longer interact with each
other can each group effectively develop the conceptual and instrumental
means to realize their now distinct epistemic goals.

The various social changes that Kuhn has identified as part of the
process that leads to advances in science have been largely neglected by
philosophers. Although many philosophers now understand that scientific
knowledge is produced by groups of scientists (see especially Hull 1988;
Longino 1990; Kitcher 1993), it is still uncommon to think of scientific
change as involving social changes. More precisely, it is still uncommon
for philosophers of science to study social changes in science. Hence, as
we move forward in developing an epistemology of science, this is a topic
that will require more attention. I contribute to this project in the next
chapter, when I examine the reception of the theory of plate tectonics in
the 1960s.

SOCIAL EPISTEMOLOGY AND THE
SOCIOLOGY OF SCIENCE

Given Kuhn'’s reaction to the work of the Strong Programme, in particu-
lar, the effort he exerted to distance his views from their views, one might
think Kuhn had little regard for the sociology of science. This is not so. In
fact, he believed that sociologists of science were important allies in devel-
oping an epistemology of science. Kuhn felt that philosophers of science
interested in the epistemology of science will have to work with social sci-
entists in order to effectively answer the questions relevant to their study.

In the past, philosophers of science have generally had little regard
for the social dimensions of science. Generally, it was assumed that such
things are of no relevance to the epistemology of science. Indeed, insofar
as the social dimensions of science needed to be studied, it was assumed
that sociologists would study them independently of philosophers.
Philosophers of science have also generally had little regard for the soci-
ology of science. It has often been assumed, for example, that sociologists
have nothing important to say about confirmation and justification, the
issues central to the epistemology of science. Many philosophers think
that sociologists can contribute only to our understanding of the context
of discovery.

This attitude persists. John Worrall even interprets Kuhn’s claim that
“psychological and sociological factors play ineliminable roles in theory
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choice” as applying only to the context of discovery, and not the context
of justification or appraisal (see Worrall 2003, 97). And some philoso-
phers, for example, Larry Laudan, believe that we should only turn to
sociologists for assistance when we seek to account for errors, “where a
rational analysis of the acceptance (or rejection) of an idea fails to square
with the actual situation” (see Laudan 1977, 202). Laudan thus recom-
mends a clear division of labor where the sociology of science is reduced
to the sociology of scientific error. Laudan finds many of the sociological
studies of science by the Strong Programme objectionable, like Paul
Forman’s study of the quick acceptance of the indeterminacy principle in
Germany in the 1920s, on the grounds that they try to give a sociological
explanation when a rational explanation would be more appropriate (see
Laudan 1977, 215-16).

Kuhn recognized the importance of sociology of science for his project
early on. In the Postscript to the second edition of Structure he explicitly
encourages his readers to take note of the important new developments
in the sociology of science. He cites, for example, the then cutting-edge
work by Warren Hagstrom, Derek Price and Don Beaver, Diana Crane,
and Nick Mullins (see Kuhn 1969/1996, 176n. 5). This sociological and
historical research was concerned, in one way or another, with determin-
ing the community structure of science, including the means of identify-
ing the membership of particular scientific specialties.

Kuhn’s call to draw on the sociology of science is another dimension of
his social epistemology that has so far been underdeveloped. No doubt,
this is partly due to the fact that, with the rise of the Strong Programme,
Kuhn was put on the defensive about his relationship to these sociologists
of science. The Science Wars have only made matters worse. Philosophers
of science are now extremely suspicious of and often quite ignorant about
contemporary sociology of science.

Kuhn could have anticipated our current situation, for already at
the London conference Lakatos and Popper expressed dismay at the
thought that one might get insight into the epistemology of science
from sociologists and social psychologists. Lakatos objects to Kuhn’s
invoking the concept of “crisis” to explain scientific change, argu-
ing that “‘crisis’ is a psychological concept; it is a contagious panic”
(1970, 179). He claims that “on Kubn’s view there can be no logic, but
only psychology of discovery” (179). And Popper expresses strong doubts
about gaining insights from sociologists, arguing that “compared with
physics, sociology and psychology are riddled with fashions, and with
uncontrolled dogmas” (1970, 57—58). Popper thus makes clear that he
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believes these fields have no insight to offer us as we seek to understand
science and how it works.

In responding to his critics, though, Kuhn makes it clear that sociology
is central to his enterprise (see 1970b/2000, 133—34). He insists that psych-
ology cannot answer the questions he poses, for his “unit for purposes of
explanation is the normal ... scientific group,” not the individual scientist
(see 133—34).

Because scientific change is a form of social change, the detailed empir-
ical studies of particular episodes of theory change that have been made
by sociologists of science are needed to help us better understand the
social changes involved in theory change. In particular, empirical studies
can help us understand the processes by which a long-accepted theory is
abandoned in favor of a new theory. Sociologists are thus useful allies in
our efforts to develop an epistemology of science.

It is worth clarifying why Kuhn believes that sociologists of science will
need to and can do more than offer insight into the context of discovery.
The process by which a theory comes to be accepted in a research com-
munity is not aptly characterized as part of the discovery process. Rather,
it is more appropriate to characterize it as part of the justification process.
Convincing a research community to adopt a new theory often involves a
number of tasks, including: (1) generating new data, (2) drawing attention
to problems with a long-accepted theory, and (3) convincing others that
the problems the new theory can answer are more important than the
problems the old theory can answer. These are all matters of justification.

Further, one of Kuhn’s key contributions was to show us that it is quite
difhicult to draw a clear line between a context of discovery and a context
of justification. Kuhn’s account of scientific discovery, which sees discov-
ery as a drawn-out process, makes this abundantly clear.

The idea of working with scholars in other disciplines, or at least
attending to their research findings, is not wholly new to philosophy. In
the 1960s W. V. Quine (1969) proposed to naturalize epistemology. For
Quine this involves drawing on the best research in psychology as we seek
to develop an adequate epistemology. Quine felt such work was indis-
pensable to developing an answer to the question of how we move from
the meager sensory input we get from experience to the elaborate theories
we have about the world around us, theories that far exceed in content
what any single person experiences in a life time.

Many philosophers continue to work on Quine’s version of naturaliz-
ing epistemology. Indeed, many philosophers working in epistemology
keep abreast of developments in psychology and the cognitive sciences
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in their efforts to answer their research questions. And there has been
quite a lot of fruitful research in the philosophy of science that draws on
research in the cognitive sciences (see Giere 1988; Thagard 1988, and 1992;
Nersessian 2003). In fact, some of it has been inspired by or informed
by Kuhn’s philosophy of science. Andersen ez al. (2006), for example,
examine Kuhn’s theory of concepts in the light of recent research in cog-
nitive science. Kuhn believes that we learn a concept through our experi-
ences of examples of the objects in the class picked out by the concept
as well as through experiences of examples of objects in related classes.
For example, we learn the concept “goose” through experiences of geese,
ducks, and swans, and through learning to discern the similarities and
differences between the classes (see Kuhn 1974/1977, 312). Andersen
et al. (2006) argue that Kuhn’s view of concepts and concept learning
has been vindicated by research in the cognitive sciences. In particular,
research in cognitive science supports Kuhn’s claim that people do not
have a grasp of the knowledge of the necessary and sufficient conditions
for membership in many (if any) of the classes that their concepts pick
out (Andersen et al. 2006, 6—7; see also Kuhn 1991b/2000, 219). Thus,
competency in using concepts does not require such knowledge.

I see Kuhn’s proposal that philosophers work with sociologists of sci-
ence in an effort to develop an epistemology of science as an extension
of Quine’s project. Quine (1969) suggests that our epistemology needs to
be informed by research in psychology. And epistemology has benefited
greatly from this influence. Similarly, it seems quite clear that philoso-
phers stand to learn a lot from sociologists and other social scientists as
well. Once we accept that science is thoroughly social, we will need to
draw on the best contemporary theories of the social world in an effort to
understand the social dimensions of science.”

¢ Itis worth noting that in a recent critical review of Andersen ez a/. (2006) Alex Levine argues that
“it is startling to find absolutely no engagement with trenchant critiques of Roschian accounts of
concepts” like the account of concepts Andersen ez al. employ (Levine 2010, 375). Because my aim
is not to defend Andersen ez a/.’s account of concepts, I will not address the critiques that concern
Levine.

7 In chapters 1 and 2 above, I demonstrated another way in which social scientific research is rele-
vant to the aims of philosophers of science. There, I showed how the literature on political revolu-
tion in history and the social sciences could shed light on the nature of theory change, a process
Kuhn and others compare to political revolutions. For example, we saw that in both political
and scientific revolutions, a crisis is often caused by the articulation of an alternative view. Even
though the alternative may have been proposed before there was a crisis, its presentation can help
create a crisis. When people, including scientists, see that there are alternatives to the status quo,
they begin to think more critically about the status quo and its adequacy. Given that it is a type of
social change that philosophers of science seek to understand when they seek to understand the-
ory change, philosophers stand to gain valuable insight from existing social scientific research on



Some normative implications 181

SOME NORMATIVE IMPLICATIONS

So far, most of what I have said about Kuhn’s conception of social epis-
temology has pertained to the descriptive or explanatory project of epis-
temology. Kuhn’s work has provided us with a better understanding of
what scientists do and how the culture of science works. But epistemolo-
gists also have normative concerns. They want to both prescribe how we
might do things better, and evaluate what scientists do and did in the
past. Kuhn also had important insights about these issues. In this section
I want to briefly examine some of the normative implications of his social
epistemology.

Most importantly, it seems that Kuhn’s social epistemology will lead
us to evaluate scientists in a manner that is different from the way phil-
osophers have traditionally evaluated scientists. Specifically, we will be
concerned to determine how individuals’ choices and behaviors affect the
prospects of the research community as a whole in their efforts to realize
their epistemic goals.

Proponents of the traditional philosophical project, focusing narrowly
on individual scientists, require us to look at the evidence a scientist has
in our efforts to ascertain whether a particular choice between competing
hypotheses was a rational choice. The traditional project involved devel-
oping canons of rationality suited to individual agents. Kuhn’s project,
however, involves developing canons of rationality suited to a group.

Kuhn asks us to judge changes in theory from the perspective of the
research community rather than the perspective of the individual scientists
involved. In order to understand why the community’s perspective is the
appropriate perspective in assessing the rationality of scientists, it is useful
to examine the change in early modern astronomy from two perspectives,
the perspective of the community and the perspective of the individual.

Let us first consider this episode from the traditional individualist
perspective. It seems that we are forced to say that either (1) the pio-
neers — Michael Maestlin, Johannes Kepler, and Galileo Galilei — over-
stepped the bounds of rationality, accepting the new theory before there
was adequate evidence in its support, or (2) the Ptolemaic holdouts were
subject to a lapse of rationality, failing to embrace the new theory as
the balance of evidence supported it. Assuming that each group had
access to roughly the same data, traditional philosophical accounts of

social change. Sociologists, economists, and political scientists can often provide well-developed
models of the nature of social groups and social change.
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scientific rationality seem incapable of tolerating such different responses
to the competing theories. The traditional account presumes a uniform
response from scientists working in the same field and from the same
body of evidence.

Now, consider this same episode from the perspective of the com-
munity. The community of early modern astronomers benefited from
the fact that some astronomers, like Maestlin, Kepler, and Galileo, were
quick to accept the new theory. These astronomers, though, had to refine
and develop the Copernican theory and gather new evidence in its sup-
port if they hoped to compel their peers to accept the new theory (see
Kuhn 1962a/1996, 156). Galileo even worked on attacking other elements
of the accepted Aristotelian theories in physics and hydrostatics in an
effort to erode the hold that views associated with Aristotle had on many
of his contemporaries. Convincing their peers was the only way that the
early converts could bring about a change of theory and ensure a lasting
change. But the community of astronomers also benefited from the hold-
outs, those reluctant to abandon the Ptolemaic theory, even as the evi-
dence in support of Copernicus’ theory mounted. Those astronomers who
were initially resistant to the new theory ensured that the research com-
munity as a whole was not fickle and inclined to abandon a still promis-
ing theory prematurely. Both types of responses to the new theory served
a constructive epistemic function. Both types of responses to the new the-
ory can be described as rational or consistent with the canons of scientific
rationality. But seeing this requires us to see scientific knowledge as a
group product, that is, a product of the concerted efforts of a community
of scientists.

This shift in perspective that Kuhn encourages us to adopt will lead us
to judge scientists’ choices differently and to develop canons of rational-
ity suited to a group. Hence, we are not necessarily committed to judging
either the early converts or the holdouts to a change of theory as irrational
or overstepping the bounds of rationality. Indeed, as we saw in chapters
1, 2, and 9, and as we will see further in the next chapter, from the per-
spective of the research community, both groups can and often do serve
a constructive epistemic function. In this respect, both early converts to a
theory and the holdouts aid the community in making the rational choice
between competing theories.

Kuhn’s conception of scientific rationality is thus quite tolerant.
Rational scientists can disagree even as they attend to the same body
of data. In this respect, Kuhn’s conception of rationality is like Bas van
Fraassen’s (1989) conception of rationality. For van Fraassen and Kuhn
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the canons of rationality permit everything except what is explicitly
prohibited and thus lead us to regard as rational any choice that is not
an explicit violation of the canons of rationality. Alternatively, accord-
ing to a less tolerant conception of rationality, the canons of rational-
ity prohibit whatever they do not explicitly permit, and thus lead us
to regard as irrational anything that is not prescribed by the canons of
rationality.®

Kuhn believes that subjective factors, that is, factors that are not shared
by all members of the research community, often influence scientists dur-
ing episodes of theory change, especially during the crisis phase when
each of the competing theories is regarded as superior by some members
of the community (see Kuhn 1977¢). It was here, as you will recall from
the last chapter, that Kuhn gets mistakenly characterized as an external-
ist. But one must remember that the function Kuhn attributes to subject-
ive factors in episodes of theory choice is epistemic. A scientist’s preference
for a simple theory rather than a theory broad in scope, for example, may
help ensure that a new, alternative theory is developed and thus given a
chance to prove itself, or that a long-accepted theory is not abandoned
prematurely. In this way, subjective factors advance the goals of science.
As the competing theories are developed by scientists moved by different
subjective factors, one theory will emerge as superior, that is, epistemi-
cally superior. Consequently, when a consensus does form in a research
community, it will be the result of a consideration of epistemic factors. In
this respect, Kuhn is clearly an internalist.

The key to seeing the rationality in the process is to take the appropri-
ate perspective, that is, the perspective of the community. From the per-
spective of the community, the influence of subjective factors serves the
important function of dividing the research efforts of those working in
the field. This makes the community as a whole more effective at realizing
its epistemic goals.

Other philosophers of science have followed Kuhn and sought to
deepen our understanding of how the social structure of scientific spe-
cialties can affect their ability to achieve their research goals. In differ-
ent ways, both Philip Kitcher’s Advancement of Science and David Hull’s
Science as a Process are concerned with the division of labor in science.
Kitcher’s (1993) concern is to determine what the optimal division of labor

# Van Fraassen (1989) compares the two forms of rationality, the permissive and the restrictive, to
two forms of law, English and Prussian (171-72).
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is in cases where there are competing hypotheses. Hull (1988) is concerned
with describing some of the different functions served by the different
sorts of social groups that constitute a research community. The groups of
likeminded research peers who accept the same theories and hypotheses,
the groups that Hull calls “demes,” often provide assistance in obtain-
ing resources, as well as sympathetic criticism in an effort to ensure that
when one presents one’s findings publicly, one’s presentation is as strong
as possible.

There is a second normative implication of Kuhn’s account of the social
dimensions of science that I want to draw attention to. Research com-
munities not only take care of the training of the next generation, they
are also solely responsible for evaluating the contributions of their peers,
determining what deserves to be published. Only a specialist has the
training required in order to make considered judgments about the qual-
ity and merits of scientific research. More than most other social groups
in contemporary society scientists are self-policing. This is due, in part, to
the fact that scientists are the only ones equipped to evaluate each other.
Only those who have internalized the norms, standards, and practices of
their field will be able to see the world as their scientific peers see it and
thus contribute to the research efforts of the community. And only those
scientists will have the requisite background knowledge to evaluate the
work of their peers. Scientific knowledge is esoteric knowledge (see Kuhn
1962a/1996, 11 and 24). This fact has long been recognized by scientists. In
the Preface to 7he Revolutions of the Heavenly Spheres Copernicus astutely
noted that “mathematics is written for mathematicians” (1543/1995, 7).
Not only are specialists the only ones who can fully understand scientific
contributions, they are also the only ones fit to evaluate them.

In order to develop an adequate epistemology of science, philosophers
need to stop thinking of social factors as contaminants or as imposing limi-
tations to our knowing. Clearly, as Barry Barnes (1982) notes, “a socially
sustained ordering of the environment” need not be “a socially sustained
distortion of it” (23). Following Kuhn, we should see that certain social
factors are constitutive of science. They play an integral role in ensur-
ing that scientists are able to realize their epistemic goals. Importantly, as
Barnes observes, Kuhn taught us that “the entire framework wherein the
reasonable and the social stand in opposition must be discarded” (22).

In closing I want to state what I hope is obvious. Although I have
argued that Kuhn believes that social factors can have a profound positive
impact on science, I am not claiming that Kuhn believes social factors
never have a negative impact on science. Indeed, he makes clear that one
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of the first things a new scientific field needs to do is to develop autonomy,
that is, to shield itself from the influence of society. Specifically, Kuhn
claims that scientific fields become “mature” when they are able to isolate
themselves from the influence of broader social factors. When the sorts of
social influences that concern externalist historians of science affect the
outcome of scientific disputes, then science is in trouble.



CHAPTER II

How does a new theory come to be accepted?

In the previous chapter, I indicated that one of the things we need to
understand better is how a new theory comes to displace an older the-
ory. In particular, I indicated that we need to develop a better under-
standing of the social dimensions of changes of theory. I also suggested
that sociological studies of science may be illuminating in advancing
our understanding of how the process of theory change unfolds. After
all, a change of theory not only involves the development of a new sci-
entific lexicon, it also involves the acceptance of the new lexicon in the
research community. For this to occur, an accepted lexicon must be
abandoned.

In this chapter, I want to begin to investigate how a long-accepted the-
ory gets replaced by a new theory in a research community. I want to
start, though, by briefly examining some of Kuhn’s speculations on the
process, in particular, his speculations about (1) the role that younger sci-
entists play in the generation of a new theory, and (2) the role that older sci-
entists play in the acceprance of a new theory. Then, I want to review some
evidence that suggests that Kuhn’s speculations are mistaken. Finally, I
want to examine a particular episode of theory change in the history of
science in an effort to develop a better understanding of the nature of the
social changes that occur with a change of theory. The object of my study
will be the revolutionary change in geology in the 1960s that led to the
acceptance of the theory of plate tectonics.

This example suggests that evidence does not affect scientists in the
same way, even among those who come to accept the same theory. Some
accept a new theory even before the bulk of evidence supports it. Others
are led to accept a new theory on the basis of a consideration of new
data that support it, responding to the latest developments reported in
key articles. Some seem to accept a new theory for other reasons. Finally,
it seems that some are reluctant to accept a new theory regardless of the
evidence in its favor.

186
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KUHN’S THOUGHTS ON THE SOCIAL DIMENSIONS
OF THEORY CHANGE

In Structure, Kuhn makes two interesting claims that are relevant to
understanding the process of theory change, and in particular the social
dimensions of the process.

First, Kuhn claims that young scientists and those new to a field are
more likely to initiate a revolutionary change than are older scientists.
According to Kuhn, “almost always the men who achieve [the] funda-
mental inventions of a new paradigm [that is, a new #heory] have been
either very young or very new to the field whose paradigm they change”
(19622/1996, 90; see also p. 166 there). In one place where Kuhn discusses
this claim about young scientists he notes that the “generalization about
the role of youth in fundamental scientific research is so common as to be
cliché” (9on. 15). But, Kuhn acknowledges that “the generalization badly
needs systematic investigation” (9on. 15). Nonetheless, he insists that “a
glance at almost any list of fundamental contributions to scientific theory
will provide impressionistic confirmation” (9on. 15).

Kuhn claims that there is a good reason why young scientists or outsid-
ers to a field should be the primary sources of novel theories. The creators
of new theories, he claims, “are men so young or so new to the crisis-
ridden field that practice has committed them less deeply than most of
their contemporaries to the world view and rules determined by the old
paradigm [that is, the old #heory]” (19622/1996, 144). Thus, young scien-
tists are allegedly less entrenched in the status quo, and more capable of
seeing the world differently from how they have been habituated to see it
during their training and apprenticeship than are their older colleagues.
Their older colleagues are alleged to be both less capable and less willing
to see the world in ways that conflict with how their early training has
taught them to see it. They are less capable because they have been seeing
the world through the lenses of the accepted theory longer than young
scientists. And they are less willing because their own careers and research
contributions are threatened by the prospects of a change of theory.

Second, Kuhn claims that older scientists are especially resistant to
changes of theory. Here, Kuhn’s concern is not with the development or
creation of a new theory, but with its subsequent acceptance by other sci-
entists. Kuhn claims that when a new theory replaces an older theory
“some scientists, particularly the older and more experienced ones, may
resist [the change] indefinitely” (1962a/1996, 152; emphasis added [see also
18-19 and 159]). Kuhn also expresses the complementary of this claim,
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that is, that young scientists are more accepting of new theories than
older scientists (see Kuhn 1969/1996, 203).

In support of this claim about age and resistance to theory change,
Kuhn cites both Charles Darwin and Max Planck (1962a/1996, 151).
Planck, for example, famously noted that radical scientific changes
happen funeral by funeral. That is, often a new theory is only able to
displace an older theory after the older generation of scientists dies out
(see Planck 1949, 33—34). The claim that older scientists are especially
resistant to change has come to be called “Planck’s principle” in recog-
nition of the fact that Planck often expressed this bleak view of older
scientists. In a footnote, Kuhn also cites a study by Harvey Lehman
as support for his claim (see Kuhn 19622/1996, 9on. 15). But, as Kuhn
explains, Lehman’s “studies make no attempt to single out contribu-
tions that involve fundamental reconceptualization” (9on. 15; emphasis
added). Rather, Lehman’s concerns are with scientific discoveries of
any sort.

Importantly, Kuhn does not claim that the resistance of older scien-
tists is an insurmountable barrier to theory change. In fact, he notes that
“though a generation is sometimes required to effect the change, scientific
communities have again and again been converted to a new paradigm
[that is, a new theory]” (19622/1996, 152).

Further, Kuhn notes that the qualities that make older scientists resist-
ant to theory change, stubbornness and pigheadedness, are the same
qualities that make them very effective at the tasks of normal science (see
1962a/1996, 152). In the context of normal scientific research, stubbornness
and pigheadedness manifest themselves as epistemic virtues, specifically,
as determination and persistence. But Kuhn insists that during episodes
of revolutionary science, where a new theory is needed in order for a sci-
entific field to move forward, age is a double liability. It is an impediment
to developing radical new theories, and it inclines one to be resistant to
theory change.

Kuhn’s claims are interesting claims, and if #rue they would have
profound implications for understanding the process of theory change.
Indeed, claims of this sort have led some philosophers of science to react
against Kuhn’s view of scientific change. If the acceptance of a new theory
is in fact influenced by non-epistemic factors like age, then it seems that
evidence does not play the role it should in resolving disputes in science.
Clearly, it would be very disconcerting if Planck’s principle were true. It
would mean that scientists are more dogmatic than they should be, and
thus less responsive to the epistemic merits of new data and hypotheses
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than many assume.’ In chapter 9, I argued that Kuhn identifies as an
internalist and is in fact an internalist. Insofar as subjective factors influ-
ence scientists, he believes they merely support the introduction of novelty
and ensure an effective division of labor in a research community when
more than one theory seems like a viable contender. But with respect to
his speculations on the effects of age on theory generation and theory
acceptance, he seems like an externalist.

SCRUTINIZING KUHN’S CLAIMS

There is reason to believe that Kuhn is mistaken about both the role that
young scientists play in initiating revolutions and the role that older scien-
tists play in preventing or delaying the acceptance of a new theory.

Let us first consider Planck’s principle, the claim that older scientists
are especially resistant to radical changes. Kuhn alleges that because older
scientists have often been key players in developing the currently accepted
theories that risk being displaced by a new contender, self-interest makes
older scientists especially resistant to innovations.

Hull ez al. (1978) have subjected Planck’s principle to testing.
Specifically, they sought to determine whether, during the Darwinian
revolution in biology in Britain, younger scientists were more inclined
to accept the hypothesis that species evolve, as Planck’s principle seems
to suggest. They found that the data do not support Planck’s principle.
Indeed, they did discover that “age is a relevant factor in distinguish-
ing between those scientists who accepted the evolution of species before
1869 and those who did not” (722). But “less than 10 percent of the vari-
ation in acceptance is explained by age” (722). Further, contrary to what
is implied by Planck’s principle, Hull ez a/. found that, “of scientists who
accepted the evolution of species before 1869, older scientists were just as
quick to change their minds as younger scientists” (722). Consequently,
older scientists were not especially resistant to theory change in this case.

Others have also investigated the impact of age on the acceptance of
new theories or research programs in other fields, including McCann
(1978); Nitecki er al. (1978); Diamond (1980); Stewart (1986); Messeri
(1988); and Rappa and Debackere (1993). These studies cover a variety of
scientific innovations in a range of fields, including geology, chemistry,

! Many of the post-Kuhnian sociological studies of science seem to assume that scientists are not as
responsive to the epistemic merits of new data and hypotheses as philosophers generally assume.
See, for example, Bruno Latour’s “Give Me a Laboratory and I Will Raise the World” (Latour
1983).
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economics, and the study of neural networks. The conclusions reached
in these studies vary, but the bulk of evidence supports Hull ez al’s con-
clusion: Planck’s principle is a myth. Older scientists are not especially
resistant to change.”

Let us now consider the claim that younger scientists are especially
prone to be the instigators of revolutionary discoveries. Being relatively
new to science, young scientists are alleged to be less committed to the sta-
tus quo than their older colleagues. Consequently, they are more inclined
to develop radical new theories or hypotheses (see Lehman 1953; Kuhn
19622/1996; Gilbert 2000, 45-46). There is plenty of impressionistic evi-
dence supporting this claim, as Kuhn suggests. For example, in a study of
age and the age structure of scientific research communities, Zuckerman
and Merton note that “a long and familiar roster of cases can be provided
to illustrate [Kuhn’s claim].”

Newton wrote of himself that at 24, when he had begun his work on universal
gravitation, and the calculus, and the theory of colors: “I was in the prime of
my age for invention, and minded Mathematics and Philosophy more than at
any time since.” Darwin was 22 at the time of the Beagle voyages and 29 when
he formulated the essentials of natural selection. Einstein was 26 in the year of
three of his great contributions, among them the special theory of relativity; and
finally, eight of the ten physicists generally regarded as having produced quan-
tum physics were under the age of 30 when they made their contributions to that
scientific revolution. (Zuckerman and Merton 1973, 513)

Hence, there appears to be some support for this claim about the creative
power of young scientists.

But when the issue has been examined more systematically, the data
suggest that young scientists are not especially productive of significant
discoveries. Harriet Zuckerman (1996), for example, examined the rela-
tionship between age and Nobel Prize-winning research. She found that
“it is not the young who turn up disproportionately often among those
who make prize winning contributions but the middle-aged; 23 percent
of the laureates were 40 to 44 years old when they did their prize-win-
ning research but only 14 percent of the run of scientists fall into this

* Frank Sulloway’s (1996) Born to Rebel is also concerned with the acceptance of radical ideas,
though, unlike these studies, his concern is with the impact of birth order, not age. He found that
first-born children tend to be conservative. Further, he found that first-borns are over-represented
in the population of scientists.

Many studies have also examined the claim that younger scientists are more productive than
older scientists (see, for example, Lehman 1953; Dennis 1956, 1966; Garvey and Tomita 1972;
Bayer and Dutton 1977; Stern 1978; Cole 1979; Helmreich ez a/. 1981; Over 1982; Simonton 1984,
1989, 1997; Horner et al. 1986; Zuckerman 1996; Kanazawa 2003).



The revolution in geology 191

age cohort” (1996, 168). And only 34 percent of the Nobel laureates did
their prize-winning research before the age of 35, even though approxi-
mately 37 percent of working scientists were under 35 years of age (169).
Zuckerman found that the mean age of laureates at the time of their
prize-winning research was 38.7, though she also notes that there were dif-
ferences between fields (166). In physics the average age is 36.1, whereas in
physiology and medicine the average age is 40.8.

Zuckerman’s study of Nobel laureates suggests that Kuhn is probably
mistaken when he claims that young scientists are more likely to develop
revolutionary theories. Rather, it seems that young scientists are not espe-
cially well positioned to make revolutionary scientific discoveries. If any
particular age group is especially well positioned, it appears to be the
middle-aged. It is worth noting that Zuckerman’s study concerns Nobel
Prize-winning research. Such research is clearly important, but it would
be a mistake to equate these discoveries with Kuhnian revolutions. After
all, as we learned in chapter 1, Kuhn had a very precise conception of
what constitutes a scientific revolution. Minimally, it involves a change
in the scientific lexicon that results in a regrouping of the phenomena.
Much of the research that is honored with a Nobel Prize may not require
changes of that sort.’

The important point for our purposes is that Kuhn may well be mis-
taken about the social dimensions of theory change. Older scientists may
not be especially resistant to change, and younger scientists may not be
the source of the most innovative ideas. Consequently, it would be useful
if we could develop a better understanding of the social processes that
accompany a change of theory.

THE REVOLUTION IN GEOLOGY

In the remainder of this chapter I want to examine an episode of theory
change from the history of science with the aim of developing a better
understanding of the dynamics of the social changes that occur when a
research community accepts a new theory. I will examine the revolution
that occurred in geology in the 1960s that led to the acceptance of the

3 Elsewhere, I have subjected to empirical testing Kuhn’s hypothesis about the tendency for young
scientists to be the initiators of scientific revolutions (see Wray 2003). I examined the twenty-four
scientists responsible for the twenty-five revolutionary discoveries that Kuhn identifies as such in
Structure. Contrary to what Kuhn suggests, I found that it was the middle-aged scientists who
were most inclined to initiate these revolutionary discoveries. Although the sample used in this
test is relatively small (N = 28), the examples of revolutionary discoveries are Kuhn’s own.
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theory of plate tectonics. In addition, I want to draw out the implica-
tions of an existing empirical study on this episode of theory change to
demonstrate what we can learn from working with social scientists and
others doing empirical research on scientific change. In this section, I
want to provide a brief account of the nature of the change in theory that
occurred. I also want to explain why this instance of theory change is
aptly characterized as a Kuhnian revolution.

According to the theory of plate tectonics, the continents lie on large
tectonic plates that move across the surface of the earth at a rate of a
few centimeters per year. The tectonic plates are pushed apart by a pro-
cess called seafloor spreading. Lava pushes up through the seams along
the edge of the plates, moving the plates and the continents which lie
on top of them. Although the process is a very slow process, over many
hundreds of thousands of years, significant changes have occurred.
South America and Africa, for example, were once joined in one large
land mass.*

Importantly, the theory of plate tectonics admits of processes that the
older theory it replaced did not acknowledge exist. Most significantly,
the new theory asserts that many geological processes, including moun-
tain formation, can be explained by the lateral motion of the continents.
Tectonic plates had no place in the theory that was accepted before this
particular revolution in geology. Indeed, one of the reasons why the the-
ory of continental drift was not widely accepted by geologists eartlier in
the century when it was first proposed by Alfred Wegener was that geolo-
gists had no causal explanation for how the continents could move lat-
erally. Not until the notion of a tectonic plate and the process of seafloor
spreading were developed could geologists explain how continents could
be moved. The concept “seafloor spreading” was initially proposed in 1960
by Harry Hess (see Frankel 1982, 1; Marshak 2008, 66), and the notion of
a “tectonic plate” appears to have been introduced by Tuzo Wilson in 1965
(see Wilson 1965, 343—47; also Glen 1982, 305). Indeed, as Kuhn suggests
about scientific discoveries in general, seafloor spreading and tectonic
plates were not discovered in one instance. Both of these new concepts,

+ That South America and Africa were once joined is supported by a variety of evidence, including
the following. The coastlines of the continents that face each other fit together remarkably well.
In addition, the location of past glaciations and the distribution of fossils on both continents
strongly suggest that they were once joined (Marshak 2008, §8—61). I thank Paul Tomascak for
assistance and information about this episode in the history of geology.

In the 1965 paper in which Wilson suggests that the Earth’s surface is divided “into several large
rigid plates” (Wilson 1965, 343), he does not call the plates “recronic plates.”
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especially the latter, developed over time in response to new data and new
applications of the new theory.

It is widely recognized that some of the most compelling data in sup-
port of the new theory were published in the mid 1960s. This included,
importantly, data on magnetic reversals that were gathered from the ocean
floor. Two articles in particular, both published in 1966, contain crucial
data that show a symmetrical pattern in the magnetic reversals, centered
on a ridge between two hypothesized tectonic plates (see Frankel 1982,
31-33). The 1960s was thus a pivotal period in the revolution. Those who
believed the continents moved laterally before 1960 were clearly accepting
a view that most geologists regarded as unsupported by the available data.
And those who accepted the theory of plate tectonics only after 1970 were
relatively late in responding to the data.

Geologists and historians of scientists typically describe this change in
geology as a scientific revolution (see McArthur and Pestana 1975; Menard
1986, 3; Le Grand 1988, 229; Molnar 2001, 322—23; Marshak 2008, 86;
see also Nitecki ez al. 1978). Indeed, in a paper presented at a conference
in 1974, it was already suggested that the revolution in geology was a
Kubnian revolution (see McArthur and Pestana 1975). Further, in a widely
used college-level geology textbook, the author begins his presentation of
the plate tectonics revolution with a brief discussion of Thomas Kuhn'’s
theory of scientific change (see Marshak 2008, 86). Thus, the change of
theory in geology that occurred in the 1960s is regarded by geologists as a
scientific revolution, and it is regarded as a Kuhnian revolution, although
it is doubtful that they have a precise understanding of what is involved
in a Kuhnian revolution.®

Given that this particular revolution occurred after Kuhn wrote
Structure it is not surprising that he did not discuss the plate tectonics
revolution as an example of a scientific revolution. But this revolution
in geology is a classic case of a Kuhnian revolution. It satisfies the three
necessary conditions for a scientific revolution outlined in chapter 1.

First, the change that occurred in geology in the 1960s led to the
acceptance of a new theory, and thus a new scientific lexicon. Central
to this new lexicon was a series of new concepts including the concepts

¢ Kuhn’s view is misrepresented in some respects in this textbook presentation (see Marshak 2008,
86). For example, Marshak claims that according to Kuhn, after a new theory is proposed, “a/most
immediately, the scientific community scraps the old hypotheses and formulates others consist-
ent with the new paradigm” (86; emphasis added). We saw in chapters 1 and 2 that revolutionary
new theories that displace long-accepted theories need not, and often do not, lead to immediate
changes.
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“continental drift,” “seafloor spreading,” and “tectonic plate.” This change
in scientific lexicon involved the replacement of one theory, specifically, a
theory that assumes the continents do not move laterally, with a theory
that assumes continents can and do move laterally.

Second, there is some evidence that the field of geology was either in
a state of crisis or approaching a state of crisis around 1960. The consen-
sus around the long-accepted theory, a fixist or non-mobilist view of the
earth, was breaking down. For example, in their study of the acceptance of
the theory of plate tectonics, Nitecki ez al. (1978) report that 22 percent of
the geologists in their sample claim to have accepted continental drift by
1960 (661). Moreover, “58% [of the geologists in their sample had] already
encountered an advocate of the plate tectonic-continental drift theory prior
to 1960” (663). Henry Menard, a participant in the revolution, claims that
after World War II “there was no agreement about the most fundamental
properties of the earth” among geologists (1986, 3). And Henry Frankel
describes the 1960s as “turbulent years for the earth sciences” (1982, 1).

Third, geologists were not able to unequivocally resolve the question of
which theory was superior in the early stage of the dispute. Advocates of the
competing theories did not agree upon the standards by which the theor-
ies should be evaluated. The new theory, with its new concepts, posited the
existence and operation of processes that the older theory did not admit.
Some of the problems that advocates of the new theory regarded as central
to the discipline were largely unacknowledged by advocates of the older
theory. Similarly, the new theory was initially unable to explain some phe-
nomena that the previously accepted theory could explain. For example,
Naomi Oreskes (2008) claims that the theory of plate tectonics could not
explain why the volcanic islands of Hawaii would be “smack dab in the
middle of the Pacific plate” (258). According to the theory of plate tectonics,
“mountains, volcanoes, and rifts formed at plate boundaries,” not in the
middle of rigid tectonic plates (258). Further, some geologists doubted that
“the planet ... [could] support large-scale crustal movements” (257). Frankel
notes additional challenges that the new theory faced, including the lack of
a “clear-cut case of a central anomaly over a ridge axis surrounded by the
predicted zebra pattern of reversed and normal magnetic anomalies,” and
the inability of the new theory “to account for ... [changes in] ... wave-
length anomalies ... over the ridge flanks” (1982, 23)”

7 The term “anomaly” has a very specific meaning in this context. “A magnetic anomaly is the diffe-
rence between the expected strength of the Earth’s main field at a certain location and the actual
measured strength” (Marshak 2008, 67; emphasis added).



The geological revolution: an examination of the social changes 195

THE GEOLOGICAL REVOLUTION: AN EXAMINATION
OF THE SOCIAL CHANGES

I want now to turn to an analysis of the social changes that occurred during
this change of theory in geology. In an effort to develop an understanding
of the social changes that occurred, I will draw on an empirical study by
Nitecki ez al. (1978). My aim is to begin the work of uncovering the social
processes that enable a new theory to replace a long-accepted theory.

Nitecki ez al. (1978) examine a sample of geologists with the aim of
determining what factors were correlated with the early and late accept-
ance of the new theory. Their sample included 209 geologists: “128
were Fellows of the Geological Society of America (GSA) and 87 active
members of the American Association of Petroleum Geologists (AAPG)
(6 were members of both)” (661).

Before proceeding, it is worth noting that, strictly speaking, Nitecki
et al. (1978) examine the acceptance of the theory of continental drift
rather than the theory of plate tectonics. Continental drift is a theory (or
family of theories) that attributes lateral motion to the continents. It is
contrasted with a fixist theory, which denies that the continents move
laterally. Plate tectonics is a specific version of the theory of continental
drift, one that attributes the motion of the continents to the movement of
tectonic plates. As a matter of fact, the theory of continental drift was not
widely accepted, that is, it was not the dominant theory, until the theory
of plate tectonics was developed. The theory of plate tectonics provided a
mechanism by which to explain the drifting of continents. It is evident
that Nitecki ez a/’s concern is with the theory of continental drift, rather
than specifically the theory of plate tectonics, because they discuss geolo-
gists who accept zhe theory before 1960. Tectonic plates, though, were not
even hypothesized to exist at that time. Further, as Nitecki ez a/. note, a
number of the geologists in their sample did not distinguish between plate
tectonics and continental drift, regarding them as synonymous (664).°

Nitecki ez al. distinguish four groups:

(1) Early Acceptors (whom they call “Old Believers”), that is, geologists
who adopted the new theory before 19615’

¢ A similar situation arose in Hull ez a/’s (1978) analysis of the acceptance of Darwin’s theory of
evolution. What they examined was not the acceptance of Darwin’s theory of evolution by nat-
ural selection, but the acceptance of a theory of evolution. Their rationale for doing this was that
very few scientists accepted the mechanism of natural selection before 1900, even though many
scientists accepted the evolution of species shortly after the publication of Origin of Species.

Nitecki ez al. (1978) report their findings in a way that is somewhat imprecise. At times, when
describing the Early Acceptors, they describe them as the geologists who accepted the theory

©
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(2) those who adopted the theory between 1961 and 1970, when most of
the new data in support of plate tectonics were collected;

(3) Recent Converts, that is, those who adopted the new theory between
1971 and 1977, the year that Nitecki ez a/. conducted their survey;

(4) Skeptics, those who had not yet accepted the new theory in 1977.

The majority of geologists in Nitecki ez a/’s sample had accepted the new
theory by 1970. Thus, Recent Converts and Skeptics constitute a minority
of geologists (662).

Nitecki ez al. sought to determine if there were important differences
between these various groups of geologists. They considered a number of
variables, including age, education, country of origin, occupation, spe-
cialization, as well as familiarity with the most important publications on
plate tectonics. Most of the geologists in Nitecki ez a/’s sample were born
in the United States (1978, 661). They were from a variety of specializa-
tions and had a variety of occupations (662). Nitecki et /. found that
“university teaching is associated with a significantly higher support of
plate tectonic theory” (663), and that Early Acceptors were “more likely
... to have a Ph.D. degree, to be university teachers and teach about plate
tectonics” (664).

I want now to focus on their findings about familiarity with the most
important publications, for this can give us some insight into the role
that the research literature plays in bringing about a change of theory.
With respect to familiarity with the published literature, each geologist
was asked to indicate their familiarity with fifteen key articles which
“dealt with arguments for or against plate tectonic-continental drift the-
ory” (662). They were to indicate “whether they were ‘unfamiliar with’
the publication, ‘familiar with’ the publication, or had ‘read (the publi-
cation) in full’” (662). With respect to the five articles that the scientists
were most familiar with on the list, 80 percent of the scientists surveyed
were either familiar with or read each article, but “only about 25% had
read each in full” (662).”

Nitecki ez al. report two interesting patterns with respect to familiar-
ity with the most important publications on plate tectonics. First, Recent
Converts and Skeptics were less likely to claim to have read or to claim

of continental drift “before 19617 (661), yet at other times, they describe them as the geologists
who accepted the theory “prior to 1960” (662). This lack of precision, though, does not appear to
undermine their results in any significant way.
© With respect to the remaining ten key articles, only about 45 percent were familiar with or had
read each article, and about 10 percent had read each article (see Nitecki ez a/. 1978, 663, table 1).
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to be familiar with the fifteen significant publications on plate tectonics.
They were thus less familiar with the research literature on plate tecton-
ics than the other geologists (664). Second, “there was a tendency for
those who had accepted the theory ... before 1960 ... to be [less] familiar
with the literature” than those who accepted the theory between 1961
and 1970 (662)."

I now want to move beyond Nitecki ez a/’s findings and draw some
conclusions about how the change of theory unfolded. The change of
theory occurred in three waves, and each wave was led to accept the
theory in a different way. Moreover, there is reason to believe that each
wave learned about the evidence in support of the new theory by differ-
ent means.

The first wave of scientists, the Early Acceptors, accepted the theory
of continental drift even before the bulk of evidence supported it. This
group was a minority. As mentioned earlier, according to Nitecki ez al.
“only 22% of the respondents had accepted plate tectonic-continental
drift theory prior to 1960” (1978, 662).

It seems that the scientists in the second wave, those who accepted the
theory between 1961 and 1970, accepted the theory of continental drift on
the basis of the newly gathered evidence. This seems evident from the fact
that these geologists were more likely to have either read or be familiar
with the fifteen key articles in the field than any other group, including
the Early Acceptors (1978, 662).

The third wave, the Recent Converts, consisted of a group of geologists
who were less aware of the key literature, in fact, as unaware as geologists
who did not accept the theory by 1977.

Left behind by all three waves in the geological revolution was a rela-
tively small minority of Skeptics, a group of geologists that constituted
12 percent of the sample under study. These scientists did not change their
view even after the vast majority of scientists in their field had accepted
the new theory. But these scientists were clearly a minority. Further, some
of these scientists 72ay have subsequently accepted the new theory before

1 There are additional findings that Nitecki ez a/. (1978) report that are worth noting: “[N]on-
U.S. born respondents ... are more familiar with the literature; younger respondents, those
with more recent degrees and those who had taken courses in which plate tectonic theory had
been discussed, are more familiar with the literature; university teachers are more familiar with
the literature than those in other occupations; ... those who attend professional meetings more
often are more familiar with the literature, except those who attend more than three meetings
a year; and those who publish more ... are more familiar with the literature of plate tectonics,
except for those who publish more than three papers a year.” (278)
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the end of their careers, sometime after 1977, when Nitecki et a/. con-
ducted their survey.”

It is worth noting that the data from this study are consistent with an
internalist account of the sort that I argued Kuhn favored in chapter 9.
There is reason to believe that evidence plays a crucial role in finally
bringing a research community around to accepting a new theory.
The first and second waves of converts to the new theory were more
aware of the relevant research literature than the Recent Converts and
the Skeptics. Hence, the majority of geologists had already accepted
the new theory before geologists less familiar with the key literature
accepted the theory. Consequently, it seems that we need not be con-
cerned about external factors leading to consensus formation in science
in this case.

One might wonder whether the geologists in the third wave were epis-
temically negligent, accepting the new theory without adequate know-
ledge of the evidence supporting the theory or merely because they were
under some sort of social pressure from the majority of scientists who
had already accepted the new theory. I think it would be presumptuous
to conclude that they were epistemically irresponsible. At this point in
the revolution many geologists were likely learning about the evidence
for the new theory, not from the fifteen key publications, but at second
hand, from colleagues and teachers, or as presented in textbooks and
other articles that cited these fifteen key articles. The central claims of
the new theory, contentious a decade before, were by the 1970s so thor-
oughly integrated into the field that scientists no longer felt compelled to
know, at first hand, the relevant evidence in support of the theory of plate
tectonics. These claims were well on their way to becoming “common
knowledge.”

At one point direct familiarity with the evidence for key claims that
are taken for granted in a field is not to be expected. At some point,

= Unfortunately, given the way that Nitecki ez al. (1978) report their data, we do not have the
means to determine whether the Skeptics were older than those who accepted the new theory.
Hence, without further information we do not know whether Kuhn’s claim about the death
of the older generation is supported by this case. Messeri (1988), though, does examine the age
at which geologists accepted the theory of continental drift. Contrary to what is suggested by
Planck’s principle, he found that the Early Acceptors were generally older. He also found that
age had “no effect on middle-period adaptation,” that is between 1966 and 1968 (107). There is,
though, a problem worth noting with Messeri’s study. He claims to be reporting on the views of
ninety-six geologists, but his numbers only add to eighty-six (see Messeri 1988, 102). Somewhere,
the views of ten geologists were lost.
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a discovery or scientific finding becomes part of what Stephen Cole
(1992) calls “the core” of a field. Cole claims that “the core consists of a
small set of theories, analytic techniques, and facts which represent the
given at any particular point in time” (15). Once a claim has achieved
this status, the details about when the discovery was first made and
what evidence was advanced to support it are of interest to the historian
of science only.” Given the uncritical nature of science education, in
particular, the fact that one is instructed in the fundamentals of a field
rather than asked to scrutinize them, it should not surprise us to find
that scientists are generally unaware of the evidence that first led scien-
tists in their field to accept the theory that has long been accepted.

There is another reason why we need not be concerned by the fact that
the geologists who accepted the new theory later were less familiar with
the key literature. Recall, from chapter 1, that Kuhn regards the research
community as the locus of scientific change. Consequently, a change of
theory can still be rational even though not all scientists respond in the
same way to the same data. Indeed, as we saw in chapter 9, in order for
a research community to be effective, the community must be hetero-
geneous. The differences between scientists become a valuable source of
novelty when a research community is in crisis and the long-accepted
theory is deemed inadequate. Hence, rather than signaling a failure of
rationality on the part of some geologists, the variety of responses to the
new theory indicates that the research community was heterogeneous, as
it should be.

This brief examination of the revolution in geology is merely a first step
in developing a better understanding of the social dynamics underlying
theory change. It is meant to illustrate what sort of data we might seek
to gather, and how that data can be used to deepen our understanding of
the social dimensions of theory change. If we are to continue to develop
an epistemology of science along the lines that Kuhn suggests, this is the
type of work we will need to do. And as we see here, philosophers of sci-
ence can profit from working with sociologists of science and others who
are conducting empirical studies of scientific change.

% Kuhn notes that scientists are often quite ignorant of the history of their field. Generally, a sci-
entist’s familiarity with the history of their field is gleaned from the distorted Whig histories
that scientists write as part of science textbooks (Kuhn 19622a/1996, 136—37). The purpose of such
histories is not, primarily, to reconstruct an accurate account of the past. Rather, according to
Kuhn, textbooks are “pedagogic vehicles for the perpetuation of normal science,” and the “his-
tories” in them reflect this fact (137).
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We can see that scientists do, as a matter of fact, respond to data in dif-
ferent ways. Collectively, a research community is both capable of enter-
taining novel hypotheses that are not yet supported by the data, and yet
not so fickle as to abandon long-accepted hypotheses until sufficient evi-
dence in support of the new hypotheses is gathered.



CHAPTER 12

Where the road has taken us: a synthesis

So where has the road that Kuhn traveled since the publication of
Structure taken us?

One of my principal aims in this book has been to encourage a
re-examination of Kuhn’s work. I believe that there are still important
insights to gain from his work as we develop an epistemology of science.
More precisely, I have argued that: (1) we need to move past the popu-
lar negative reading of Kuhn, and (2) in our efforts to understand his
constructive contributions to philosophy of science we will benefit from
attending to his later work, in particular, Kuhn’s mature notion of scien-
tific revolutions and his emphasis on scientific specialization. For the most
part, philosophers have seen Kuhn’s account of science as a threat to the
rationality of science. Consequently, in their discussion of Kuhn’s work
many philosophers have sought to show either how Kuhn is mistaken in
his descriptive account of scientific change, or how he is mistaken about
the normative implications of theory change in science. They have seldom
sought positive insights from his work.

The proponents of the Strong Programme in the Sociology of Scientific
Knowledge have been attracted to the very aspects of Kuhn’s view that
philosophers have found most unpalatable. They have been intrigued by
the apparent threats to the rationality of theory choice and the ambigu-
ities that make resolving scientific disputes difficult. They have also been
intrigued by Kuhn’s suggestion that researchers working in a normal sci-
entific tradition dogmatically accept the norms, practices, and conceptual
framework they were taught. This reaction on their part has only rein-
forced the common negative attitude toward Kuhn among philosophers.
As far as many philosophers are concerned, the proponents of the Strong
Programme are merely drawing out the logical consequences of Kuhn’s
position.

Kuhn’s mature view makes the common negative reading of his work
unsustainable. One of the main tasks accomplished in Kuhn’s later work

201
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is a clarification of key concepts for advancing our understanding of sci-
ence and scientific change, concepts that he made central to philosophy
of science. Most important is Kuhn’s refined understanding of scientific
revolutions. Scientific revolutions are no longer regarded as paradigm
changes. The term “paradigm” was elusive and led to many misunder-
standings. Revolutions are now classified as taxonomic or lexical changes,
changes in the way our theories order the things they aim to account for.
Lexical changes play an important role in our efforts to develop a better
understanding of the world. But they also pose serious challenges to a
research community, as scientists in a community realize that their trad-
itional practices, standards, and concepts are inadequate for modeling the
range of phenomena that the community seeks to understand. Scientific
revolutions are a distinct class of changes in science that can be distin-
guished in a principled way from other sorts of changes.

Scientific revolutions are so important in Kuhn’s epistemology because
they are incompatible with the view that scientific knowledge is cumu-
lative, that scientists are constantly marching ever closer to the truth.
The progress scientists make is with respect to saving the phenomena,
accounting for observable phenomena.

Given this more precise understanding of scientific revolutions that
emerged in Kuhn’s later work, it is clear that not all crises in science are
resolved in the same way. In addition to changes of theory, which are the
outcome of scientific revolutions, research communities sometimes div-
ide, creating a new specialty to deal with the recalcitrant phenomena that
caused the crisis in the first place. By creating a new scientific specialty
with its own taxonomy or lexicon specially designed to address the hith-
erto anomalous phenomena, the parent field can continue on, much as
before. Importantly, in order to understand the range of phenomena that
are of interest to them, scientists must develop a variety of models which
are not necessarily consistent with each other. A unified science is thus an
unattainable goal. The fragmentation that results from increasing special-
ization in science is not a temporary stage in the development of science.
Rather, it is the means by which scientists achieve their epistemic goals.

According to Kuhn’s mature view, a new theory is developed in a field
in an effort to account for an anomaly that the accepted theory was unfit
to account for. In this respect, competing theories do not address the
same problems. And advocates of competing theories do not agree about
the relative value of solutions to particular problems in their field. The
resulting incommensurability, that is, topic-incommensurability, thus
prevents advocates of competing theories from resolving their disputes in
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a straightforward manner, by appealing to logic and evidence. Because
of these differences, it can be challenging for a research community to
reach a consensus about which of two competing theories is superior.
Incommensurability, however, does not make the rational resolution of
such disputes impossible.

Disputes are resolved in a rational manner when the competing the-
ories are refined and new data are collected. The research community is
then in a better position to ascertain which theory is superior from an
epistemic point of view. Kuhn’s critics were led to believe that he thought
otherwise, because he seemed to suggest that scientists are often influ-
enced by subjective factors when choosing between competing theories.
As a matter of fact, Kuhn did believe that scientists are affected by sub-
jective factors. But rather than being impediments to science, he claims
that such factors play a constructive role in times of crisis, ensuring that
there is a division of research efforts in the community.

There is a second kind of incommensurability that is also epistemically
significant in Kuhn’s mature view, the incommensurability that develops
between neighboring specialties. This form of incommensurability helps
create the barriers that allow the two specialties to develop concepts in
ways that serve each specialty’s local epistemic needs. Complete and easy
communication throughout the scientific community is not always bene-
ficial to science. Rather, we seem to be forced to make a trade-off between
easy communication across a wide group of scientists and developing pre-
cise concepts that serve relatively small groups of researchers with very
specific goals.

I have argued that Kuhn’s mature view provides us with an epistem-
ology of science that allows us to develop a richer understanding of both
scientific change and scientific knowledge. There are two key aspects of
Kuhn’s epistemology of science that are crucial to advancing our under-
standing of science: (1) Kuhn’s evolutionary or historical perspective, and
(2) Kuhn’s social epistemology of science.

Kuhn encourages us to adopt an evolutionary or historical perspective
on science. Such a perspective requires us to see science as pushed from
behind, like the process of evolution by natural selection. Kuhn encour-
ages us to adopt this perspective because he believes that appeals to the
truth really do not explain much at all. Appeals to truth seem especially
out of place in explaining the succession of theories in a field, where each
successive theory is incompatible with the theory it replaces. There seems
to be little reason to think that a series of such changes is a march closer
and closer to the true description of reality. This shift to an evolutionary
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perspective allows us to better understand the dynamics of scientific
change. It focuses our attention on the local nature of the goals that drive
scientific research. Further, it allows us to see what improvements are
made during episodes of theory change. With each change of theory sci-
entists are better able to account for more of the observable phenomena,
though sometimes these gains can be made only if scientists divide the
domain of their field and thus create a new scientific specialty devoted to
the study of recalcitrant phenomena that could not be adequately mod-
eled with the resources of the accepted theory.

Rather than seeing truth as the end of inquiry, Kuhn believes that spe-
cialization is the end of inquiry. That is, as scientists seek to realize their
epistemic goals, as they seek to develop a better understanding of the nat-
ural world, they are led to develop new specialty communities, research
communities concerned with modeling a narrower domain. Thus, the
increasing accuracy many philosophers traditionally take as evidence that
we are converging on the truth is to be explained by the fact that, as sci-
ence develops, researchers are concerned with a narrower range of phe-
nomena. But as we saw earlier, we are not to think that the increasing
accuracy achieved is evidence that we are converging on a true, unified
account of the unobservable entities and processes that cause the phe-
nomena, for the various theories developed in different specialties often
make claims about the world that are, strictly speaking, incompatible.

I suspect that the shift to a historical perspective will be a difhcult
transition for philosophers to make. Nonetheless, I believe that Kuhn
is correct: an adequate understanding of scientific change and scientific
knowledge depends upon us making such a shift. We need to look at
science as a process underway, constrained and directed by the accepted
theories. Sociologists and historians of science, it seems, have been better
at seeing the value in this perspective, for it is now commonplace in these
fields. In this respect, Kuhn’s position has far greater affinities with soci-
ology of science than with traditional philosophy of science.

Kuhn’s epistemology of science is also a social epistemology. First,
Kuhn emphasizes the important role that socialization plays in creating
scientists. Science education is remarkably uncritical and aims to bring
the young aspiring scientist into a research tradition. At the end of the
process, the young scientist must see the world as her peers see it, and
attend to differences in the phenomena that they deem to be important.
Only then can she make a contribution to her field.

Second, Kuhn insists that the locus of scientific change is the research
community or specialty. This is a vital contribution and reorientation to
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understanding scientific change, one that a number of contemporary phil-
osophers of science have made, to some extent. No longer are we able to
focus narrowly on how an individual scientist responds to new evidence
in our efforts to model or understand theory change. Theory change
involves much more than individuals changing their views. A change of
theory is a change of view in the community, which involves the replace-
ment of one research tradition by another. Moreover “crisis” describes
a state of the research community, not a state of individual scientists.
Traditional epistemologies of science that focus on individual scientists
and their assessments of theories in light of new data are apt to be blind
to these considerations.’ Consequently, they will miss important aspects
of the process of theory change.

But it is important to note that Kuhn’s social epistemology does not
require us to ascribe mental or psychological properties, like beliefs or
perceptions, to the research community. Indeed, Kuhn is adamant that
the research community is not an agent. Rather, Kuhn believes that the
research community is the locus of change.”

Third, on Kuhn’s account, theory change is a form of social change.
A community must pass through a series of changes in social struc-
ture if it is going to abandon a research tradition and replace it with an
alternative tradition. Before such a change can take place, the new trad-
ition must be built up, that is, developed. And such development takes
time. As we develop our epistemology of science, we need to develop a
better understanding of this process. Such a concern is quite different
from the sorts of things that have concerned philosophers of science and
epistemologists in the past, but these are crucial issues to address as we
aim to understand the epistemic dimensions of the social changes in
science. For example, we need to identify the means by which consen-
sus is eroded in a research community, as well as the means by which a
new consensus is built. Sociologists of science, like Steven Shapin, for
example, have been right to insist that the epistemic order in a research
community depends on social order. No research community in which
the members are deeply divided can effectively advance our knowledge.
Now we need to develop a better understanding of how changes of

" Much work in the epistemology of science is even more abstracted from the social dimensions of
science, considering only the logical relations between evidence and theory.

> T have explicitly argued elsewhere that research communities, that s, scientific specialties, are not
the sorts of groups to which we can ascribe views (see Wray 2007b). Research teams, though, are
a different matter. They are capable of holding views not reducible to the views of the constitutive
members of the team.
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theory can occur without undermining the social order of the research
community.

Further, the creation of new specialties plays an important role in enab-
ling scientists to advance their epistemic goals. As we move forward and
develop our epistemology of science, it will be important to look with
greater care at the process of specialty formation, as well as the effects
of specialization on science and scientists. This is because the process of
specialty formation offers insight into the increasing accuracy achieved in
science, even as changes in theories involve radical changes in our under-
standing of the basic structure of the world.

Clearly, scientific specialties are not the only social units in science
relevant to the epistemology of science. We also need to develop a better
understanding of research teams and the groups within scientific special-
ties from whom scientists seek assistance as they work on their research.
David Hull (1988) refers to these groups as demes. Pursuing a better
understanding of these groups will take us beyond Kuhn'’s epistemology,
but in the direction that his later research points. This project becomes all
the more urgent at a time when most published articles in many scientific
fields are multi-authored, some involving teams of twenty or more scien-
tists. In such a research environment, an individual scientist’s relationship
to her research must be very different from the relationship one has to
research that is reported in an article authored by only one scientist.

Fourth, Kuhn’s epistemology of science is a social epistemology inso-
far as it draws on research in the social sciences. If we take seriously his
understanding of scientific inquiry and scientific change, then philoso-
phers will inevitably need to work with or at least draw on the work of
sociologists of science. In a recent book, Paul Boghossian (2006) argues
that those who are influenced by postmodernism and social construction-
ism, including many sociologists of science, seem to have a fear of know-
ledge. This fear, he argues, has led them to be critical of any claims to
having achieved objectivity.

Boghossian may be correct that many contemporary sociologists of
science seem to be afflicted with an unwarranted skepticism. But many
mainstream philosophers of science seem to be afflicted with an equally
debilitating fear, the fear of the sociology of science. Throughout this
book, I have argued that this fear is both ungrounded and unfortunate. It
is ungrounded because it is often based on a misreading that is largely due
to a misunderstanding of the different objectives that motivate research
in sociology of science and philosophy of science. And it is unfortunate
because it is only when philosophers and sociologists work together that
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we will be able to develop an adequate understanding of science and sci-
entific change.

Moreover, if we are going to take the call to naturalize epistemology
seriously, in our efforts to naturalize our epistemology of science, we must
attend to the work of sociologists of science. The work of sociologists of
science can help philosophers to better understand the social structure
of research communities and the dynamics of change in such commu-
nities. For example, in our efforts to better understand theory change,
we will want to study the changes in the social structure of the research
community as the consensus on a long-accepted theory is eroded and a
new consensus is built around a new competing theory. My brief study
of the acceptance of the theory of plate tectonics presented in chapter 11
sheds some light on the structure of scientific communities and the social
dimensions of theory change. But more studies of this sort need to be
made in our efforts to develop a better understanding of scientific inquiry
and scientific knowledge.

In closing, I want to comment on how the social and evolutionary
dimensions of Kuhn’s epistemology of science fit together. To address this
issue, it is useful to compare Kuhn’s evolutionary social epistemology of
science with Popper’s evolutionary epistemology of science. Popper’s evo-
lutionary epistemology is not a social epistemology.

Popper believes that scientific theories are subject to a selection pro-
cess similar to natural selection. By exposing theories to challenging tests,
scientists are able to determine which theories to discard. Just as natural
selection eliminates unfit variations and species, the selection process in
science eliminates unfit theories. The selection is driven by the logic of
testing. Theories that entail false predictions are identified through test-
ing and subsequently abandoned. Any progress we make in science toward
the truth is a consequence of this process.

Kuhn’s evolutionary epistemology is quite different, because in add-
ition to being an evolutionary epistemology, it is a social epistemology.
Kuhn denies that logic plays or even could play such a straightforward
role in science. As a matter of fact, scientists do not abandon a theory
when they observe phenomena that conflict with the theory, as Popper
seems to suggest. Rather, as Kuhn notes, such anomalies often become the
focus of scientists’ research efforts.

Further, as noted above, Kuhn does not believe that the success of our
current theories is best explained in terms of our getting ever closer to the
truth. The successes we have achieved are with respect to predictive accur-
acy and our ability to account for more observable phenomena. But as far
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as Kuhn is concerned, these successes can be explained without assuming
that we are getting ever closer to a true account of the underlying real-
ity. And the existence of scientific revolutions makes such an assumption
untenable. The history of science is a history of theories being replaced by
incompatible alternative theories, and there is inadequate continuity in
the sequence of theories in a field to warrant accepting a truth-converging
explanation.

Kuhn thinks that the success of science has been achieved, in large
part, by the social institutions and structure that are constitutive of mod-
ern science. That is, the elimination and selection of theories and hypoth-
eses in science is determined, in part, by the social structure of science.
The structure of research communities, for example, plays an integral role
in scientists” ability to determine which of two competing theories should
be retained. Even institutions and practices tied to peer review play a cru-
cial role in the selection process. These social features of science that play
a crucial role in the selection of theories constitute the analogue of the
environment in the biological world in which the selection of species and
variations occur. It is in this way that Kuhn’s evolutionary epistemology
and social epistemology come together.

It is also worth briefly mentioning the similarities between Kuhn’s evo-
lutionary epistemology of science and David Hull’s evolutionary social
epistemology. Like Kuhn, Hull acknowledges that the social environment
in which science is done contributes profoundly to scientists’ ability to
realize their research goals. Thus, to a large extent, Hull’s epistemology of
science is consonant with Kuhn’s. Indeed, the work of other social epis-
temologists of science, like Philip Kitcher, Helen Longino, Paul Thagard,
and Miriam Solomon, is also consonant, to a greater or lesser extent, with
Kuhn’s epistemology of science. But Hull’s work in the epistemology of
science is more empirically oriented than Kuhn’s work or the work of
these other epistemologists of science. Hull frequently subjects the claims
we make about science to empirical testing.’ He is thus already traveling
down the road that Kuhn’s work directed us toward. And my own work
in the epistemology of science makes me a fellow traveler.

3 For example, in Science as a Process, Hull examines how scientists from two competing research
programs in zoology — cladists and noncladists — evaluated manuscripts sent to Systematic Zoology,
a key scientific journal in the field, in an effort to determine if referees are biased by their theor-
etical allegiance. Hull reports that “the chief difference [he found] is that cladists opted more fre-
quently to both reject and accept manuscripts by their fellow cladists than did noncladists, while
noncladists tended to want more extensive modification of the manuscript before publication”
(Hull 1988, 333-44).
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It is interesting to note, though, that Hull was led to adopt the evolu-
tionary perspective on epistemology by a different path from the one that
led Kuhn to adopt it. Recall that Kuhn claims that he adopted this per-
spective as he worked as a historian, studying science, an institution that
is in the process of changing. The evolutionary perspective helped Kuhn
realize that it was important to recognize how the previous conditions of
the institution limit and shape the direction of the changes undergone.
Any future changes are in response to the current conditions. Hull, on
the other hand, came to the evolutionary perspective from his work in
biology and the philosophy of biology. The dynamics that we see in bio-
logical populations seem to be manifested in scientific research commu-
nities as scientists respond to new data and other developments in their
fields of study.

Much social epistemology is concerned with evaluating the extent to
which various social locations are epistemic assets or liabilities. Kuhn’s
approach to the social epistemology of science is different. It directs our
attention elsewhere. Instead of examining how one’s social location affects
one as an inquirer, he urges us to examine how the social structure of
science, the constitutive institutions and practices, enable or hinder sci-
entists, as a group, to realize their epistemic goals. One of Kuhn’s key
insights is that an institution or practice that sometimes aids scientists
will, at other times, be an impediment. His distinction between normal
science and revolutionary science makes this abundantly clear. Normal
science is as effective as it is, ensuring the rapid accumulation of scien-
tific knowledge, because scientists do not question the accepted theory.
But a revolutionary change is possible only if one is prepared to aban-
don the accepted theory. The deep commitment to the accepted theory
that scientific training creates thus both aids and impedes scientists in
their pursuit of knowledge. Scientific training is effective at creating a
uniform community, capable of seeing the same order in the phenomena.
But such uniformity needs to be dismantled when a revolutionary change
is needed. This is the essential tension that Kuhn talks about.

Clearly, we have come a long way since the publication of Structure.
Working within the framework of Kuhn’s evolutionary social epistemol-
ogy, we can develop a richer understanding of both scientific change and
scientific knowledge.
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