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Preface

Thomas Samuel Kuhn (1922-1996), although trained a physicist at
Harvard University, became an historian and a philosopher of science
through the influence and support of Harvard’s president James Bryant
Conant. In 1962, Kuhn’s renowned work, The Structure of Scientific Revolu-
tions, was the last installment in Otto Neurath’s International Encyclopedia of
Unified Science. Kuhn’s book helped to inaugurate and promote a revolu-
tion—the historiographic revolution in the history and philosophy of
science—in the latter half of the twentieth century. The revolution
provided a new image of science in which periods of stasis (normal
science) are punctuated by sporadic upheavals (scientific revolutions). It
not only influenced the history and philosophy of science, Kuhn preferred
the term historical philosophy of science, but other disciplines as well,
such as sociology, education, economics, religion, political science, and
even science policy.

My first encounter with Kuhn was as a postdoctoral fellow at Massachu-
setts Institute of Technology in the early 1980s. A friend of mine lent me
a copy of Structure, but upon a first reading I was not impressed with its
image of science in terms of my experience as a scientist-in-training. I then
learned that Kuhn was teaching a course on the nature of scientific know-
ledge, during the 1982 spring semester. I approached him about taking
the course and he graciously permitted me access to it. It was then that I
began to appreciate Kuhn’s new image of science, one that was dynamic as
opposed to the static image I had learned through my scientific training.
From my experience in that course and from a continued relationship
with Kuhn, I gradually switched from a career in the biomedical sciences
to one in the history and philosophy of science. My personal recollection
of Kuhn is of a man who cared deeply not only for the subject matter of
his adopted discipline but also for his students and colleagues.

Since his death in 1996, the literature on Kuhn and his philosophy of
science continues to escalate. Within the past decade or so, around a
dozen book-length studies have appeared on Kuhn. These consist of
general surveys of Kuhn'’s philosophy of science and of studies that focus
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on specific theses arising from Kuhn’s work, especially the incommensur-
ability thesis. Recently, Steve Fuller argues that Kuhn is not responsible for
the historiographic revolution others claim he is, but rather that he was a
bystander to more powerful events and personages. One of the purposes
of the present book is to contribute to that discussion, by the examining
of the development of Kuhn’s historical philosophy of science and the
impact it had not only on the history and philosophy of science but also
on other disciplines.

The primary focus of the present book is to provide a reconstruction of
the development of Kuhn’s historical philosophy of science. To that end,
I focus on Kuhn’s philosophy and on questions surrounding it. Who is
Kuhn? How does he arrive at Structure? What is Structure? Why does Kuhn
revise Structure? What is Kuhn up to after Structure? What is Kuhn'’s legacy?
What is Kuhn’s stake in the historiographic revolution? What is Kuhn’s
impact on the history and philosophy of science? Why is Kuhn misunder-
stood? At the heart of the answers to these questions is the person of Kuhn
himself, i.e. his personality, his pedagogical style, his institutional and
social commitments, and the intellectual and social context in which he
practiced his trade. In a developmental approach to Kuhn’s ideas, I map
in detail the unfolding of his ideas from work in the 1950s on physical
theory in the Lowell lectures and on the Copernican revolution to work in
the 1990s on the historical philosophy of science and the incommensur-
ability thesis. Rather than present Kuhn’s ideas as finished products, I
strive to capture them in the process of their being formed. By following
the development of Kuhn’s ideas, I believe a more accurate representation
of his ideas is possible.

To that end I examine, in the first chapter, the person of Kuhn and his
career, including his family and schooling. In the next chapter, I explore
the path to Structure, beginning with the 1951 Lowell lectures and con-
cluding with the 1961 “Dogma” paper. In the third chapter, I outline Struc-
ture's major themes, including the notions of paradigm and paradigm
shift, normal and revolutionary science, and incommensurability. In the
following chapter, I review the various criticisms leveled against Kuhn’s
book and especially the important 1965 London colloquium in which
Kuhn and Karl Popper exchanged critiques of each other’s philosophy. I
also examine Kuhn’s response to critics, in which he revises some of his
ideas in Structure. In the fifth chapter, I discuss Kuhn’s effort, from the
early 1970s to end of his career, to refine and clarify the new image of
science and to answer critics. In a final chapter I examine Kuhn’s legacy,
in terms of the impact his ideas, especially paradigm and paradigm shift,
had on the history and philosophy of science, as well as on other disci-
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plines such as sociology, economics, religion, natural science, and even
science policy. In an epilogue, I evaluate briefly Kuhn’s role in the histori-
ographic revolution.

My thesis is that Kuhn was a major contributor to the historiographic
revolution in the mid-twentieth century, which not only influenced how
the history and the philosophy of science are done today, but the very
understanding of science itself. The revolution’s influence transcends the
boundaries of the history and the philosophy of science communities to
include other professional communities as well. Although the present
book is primarily an introduction to the development of Kuhn'’s historical
philosophy of science, it is also a sustained argument that establishes this
thesis and strives to interpret and situate Kuhn within a larger academic
framework than simply the history and philosophy of science.

James A. Marcum
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PART 1

The path to Structure
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Chapter 1

Who is Thomas Kuhn?

During the year that Moritz Schlick moved from Kiel to Vienna, thus inau-
gurating the Vienna circle, Thomas Samuel Kuhn was born in Cincinnati,
Ohio, on 18 July 1922. He was the first of two children born to Samuel L.
and Minette (née Stroock) Kuhn, with a brother Roger born several years
later. His father was a native Cincinnatian and his mother a native New
Yorker. The family, states Kuhn later, was “certified Jews. Non-practicing
Jews. My mother’s parents had been practitioners, not Orthodox practi-
tioners. My father’s parents had not.”’ When Kuhn was six months old, the
family moved to New York. But other members of the Kuhn family, includ-
ing a favorite aunt, Emma (née Kuhn) Fisher, Sam’s younger sister,
remained in Cincinnati. Aunt Emma was a source of inspiration for Kuhn.
During World War II, she opened her home to a young German Jewish
refugee. Kuhn inscribed a copy of Structure to her with these words: “For
Emmy—who as Aunty Emma—helped me find what I was and liked.”

Kuhn'’s father, Sam, was a hydraulic engineer, trained at Harvard Uni-
versity and at Massachusetts Institute of Technology prior to World War 1.
He entered the war, and served in the Army Corps of Engineers. Accord-
ing to Kuhn, these were the best years of his father’s life. After leaving the
armed services, Sam returned to Cincinnati to help his recently widowed
mother Setty (née Swartz) Kuhn. His father’s career after moving to New
York, however, was a disappointment, as Kuhn later remembered: “he was
never, I think, the sort of success he had expected to be and under the
circumstances might have been.” But Kuhn admired his father and con-
sidered him one of the brightest people he knew, next to Conant.

Kuhn’s mother, Minette, was a liberally educated person, who on
occasion did professional editing. She came from an affluent family and
her stepfather was a lawyer. Minette’s biological father died from tubercu-
losis shortly after her birth. Although Kuhn thought of his mother as more
of an intellectual than his father, in that she was well read, he considered
her not as bright as his father. Kuhn recalls later that everyone claimed he
took after his father and his brother after their mother. But he later rec-
ognized that the opposite was true. “I finally realized,” recollected Kuhn,
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“that it was because theoretical physics was more nearly an intellectual
activity and I was following my mother at this point, not my father.”
Minette took an active interest in her son’s career and read and discussed
his books with him.

Kuhn'’s early education reflected the family’s liberal progressiveness. In
1927, Kuhn began schooling as a Kindergartener at the progressive
Lincoln School in Manhattan. “Progressive education,” according to
Kuhn, “was a movement which . . . emphasized subject matter less than it
emphasized independence of mind, confidence in ability to use one’s

mind.”

Kuhn was taught to think independently, but by his own admission
there was little content to the thinking. Kuhn remembered that by the
second grade, for instance, he was unable to read proficiently, to the con-
sternation of his parents.

Beginning in the sixth grade his family moved to Croton-on-Hudson, a
small town about 50 miles from Manhattan, and the adolescent Kuhn
attended the progressive Hessian Hills School. According to Kuhn, the
school was staffed by left-oriented radical teachers who taught the students
pacifism. When he left the school after the ninth grade, Kuhn felt he was
a bright and independent thinker. After spending an uninspired year at
the preparatory school Solebury in Pennsylvania, Kuhn spent his last two
years of high school at the Yale-preparatory Taft School in Watertown,
Connecticut. He was even less enthusiastic for it, but felt that it gave him
“more formal training.” Kuhn graduated third in his class of 105 students
and was inducted into the National Honor Society. He also received the
prestigious Rensselaer Alumni Association Medal.

Kuhn wrote a number of student essays on various topics, ranging from
student strikes to tariffs. One essay, “Some things about E—,” captures
Kuhn’s struggle to articulate the ineffable, a struggle that plagued him for
the rest of his life. The essay is obviously about Aunt Emma. After describ-
ing certain ineffable features of his aunt, Kuhn concludes the essay
writing, “she has other qualities I would like to express, but I can’t seem to
catch and untangle them. I wish I could!”® This essay must be contrasted
with others on technological devices. For example, in essays on the tele-
graph relay switch and the ice box, Kuhn provided both accurate and
modestly detailed descriptions and drawings, with little anxiety expressed
over depicting them. Kuhn also exhibited interest in literature, with an
essay on a minor character in Zwieg’s The Case of Sergeant Grisha.” In the
essay, Kuhn reveals an early ability to place himself within a text and
explore the development of its characters, an ability that would serve him
well when he shifted from science to history.
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The Harvard years

Undergraduate education

Kuhn recalled that during his grammar and high school years, he “had
almost no friends. I was isolated . . . I was quite unhappy about it. I wasn’t
a member of the group and I wanted terribly to be a member of the
group.” All of that changed for Kuhn when he matriculated to Harvard
College in the fall of 1940, following in his father’s and uncles’ footsteps.
At Harvard Kuhn was to acquire a better sense of himself socially, by par-
ticipating in various organizations. During his first year at Harvard, Kuhn
took a year-long course in philosophy. In the first semester he studied
Plato and Aristotle, while in the second semester he studied Descartes,
Spinoza, Hume, and Kant. Although he found them stimulating and chal-
lenging, it was Kant that was a “revelation,” especially Kant’s categories and
the synthetic a priori. Kuhn later considered himself “a Kantian with
movable categories.” He intended to take more philosophy but could not
find the time. He did, however, attend several of George Sarton’s lectures
on the history of science, but found them “turgid and dull.”"

Kuhn wrote several undergraduate essays that reveal his early interest in
metaphysical issues. The first essay, “An analysis of causal complexity,” was
for a philosophy course taught by D. C. Williams. Kuhn wrote that:

The essay represents an attempt to analyze the notion of cause so as to
eliminate from it those elements which are irrelevant to a metaphysically
reasonable formulation of scientific law and an effort to investigate the
possible epistemological grounds of the remaining concept."'

Kuhn drew upon the work of Bertrand Russell and David Hume to
complete the task. Williams found the essay “generally accurate and
elegant” but felt that it needed “ripening.”"?

The second essay, “The metaphysical possibilities of physics,” was for an
English course taught by Mr Davis. Kuhn asked the question of whether
physics is capable of discovering an exhaustive conception of the universe.
To address this question, Kuhn proposed a two-step investigation. The first
is to determine the nature of the data and whether it yields a finite amount
of information about the universe. Obviously a finite amount of informa-
tion would be conducive to comprehending it, rather than an infinite
amount. The second step is to determine the relationship between
concepts and data/information. That relationship is derivative: “They are
generalizations made to fit the data.”" This led Kuhn to the questions of
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“how are they derived and to what extent are they logically necessary?”"*
But he had no answers.

In the essay, Kuhn also addressed the question of how many concepts
can be derived from data and information. In principle, Kuhn believed a
limited number of concepts are possible. But they may not provide the
necessary knowledge about the world, only that the world is knowable.
The problem is picking out the right concept from all the concepts deriv-
able to explain the data. But Kuhn felt confident that even if there are an
infinite number of concepts derived from the data, physicists would even-
tually arrive at one to explain the universe even though there would always
be some question concerning its veracity. “But if this investigation, cor-
rectly performed, yielded the possibility of but one concept,” concluded
Kuhn, “we would believe that science could in time arrive at a picture of
the universe, and that that picture would be an image of the reality.”"

During his first year at Harvard Kuhn was torn over majoring in either
physics or mathematics. After seeking counsel from his father, he chose
physics because of greater career opportunities. Interestingly, one of the
attractions of mathematics and physics was their problem-solving tradi-
tions.'® In the fall of Kuhn’s sophomore year, the Japanese attacked Pearl
Harbor and Kuhn expedited his undergraduate education by going to
summer school. The physics department focused on predominantly elec-
tronics, and Kuhn followed suit. He did not have a course in relativity until
graduate school.

During his sophomore year, Kuhn underwent another radical transfor-
mation. Although he was trained a pacifist, the atrocities perpetrated in
Europe during World War II, especially by Hitler, horrified him. Kuhn
experienced a crisis, since he was unable to defend reasonably pacifism.
The outcome was that he became an interventionist, which was the
position of many at Harvard, especially Conant its president. The episode
left a lasting impact upon him. In a Harvard Crimson editorial, he sup-
ported Conant’s effort to militarize the universities in the United States.
The editorial, of course, came to the attention of the administration, and
eventually Conant and Kuhn met—an experience Kuhn relished and
never forgot. Their relationship was cordial, although Kuhn found Conant
reticent.

Kuhn graduated from Harvard College with an S.B. (summa cum laude)
in the spring of 1943 and was invited to present the Phi Beta Kappa
address. In the speech, Kuhn began by affirming the importance of a
liberal arts education. However, the issue he addressed was his genera-
tion’s skepticism precipitated by the world wars. Although he did not
resolve that skepticism, he turned to the humanities tradition in which
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Harvard had indoctrinated him: “it is thus most of all from the sense of
being part of a tradition that we can turn from the edge of nihilism with a
positive faith, a faith which causes us to say, we will not depart from the way
of life we have learned here.”'” He concluded the address by quoting from
a Crimson editorial, which identified the basis of this way of life as “Veritas.”

After graduation, Kuhn worked for the Radio Research Laboratory
located in Harvard’s biology building. He conducted research on radar
counter technology, under John van Vleck. The job procured for Kuhn a
deferment from the draft. After a year, he requested a transfer to England
and then to the continent, where he worked in association with the U.S.
Office of Scientific Research and Development. The trip was Kuhn’s first
abroad and he felt invigorated by the experience. For example, he was in
France when de Gaulle entered Paris. However, Kuhn came to realize that
he did not like radar work, which led him to reconsider whether he
wanted to continue as a physicist. “I was beginning to get doubts,” Kuhn
later recalled, “as to whether a career in physics was what I really wanted.”"®
But these doubts did not dampen his enthusiasm for or belief in science.
During this time, Kuhn had the opportunity to read what he wanted; and
he read in the philosophy of science, including authors such as Bertrand
Russell, P. W. Bridgman, Rudolf Carnap, and Philipp Frank.

Graduate school

After VE. day in 1945, Kuhn returned to Harvard. As the war started to
abate with the dropping of the atomic bombs on Japan, Kuhn activated an
earlier acceptance into graduate school and began studies in the physics
department. However, Kuhn convinced the department to allow him to
take philosophy courses during his first year. “I took two courses [rela-
tional logic and metaphysics],” remembered Kuhn, “and I realized that
there was just a lot of philosophy I hadn’t been taught, and didn’t under-
stand.”" Kuhn again chose the pragmatic course and focused on physics.
While a graduate student, he was also a tutor in Kirkland House. In 1946,
Kuhn passed the general examinations and received a master’s degree in
physics. He then began dissertation research on theoretical solid-state
physics, under the direction of van Vleck. The dissertation’s title was “The
cohesive energy of monovalent metals as a function of their atomic
quantum defects.” In 1949, Kuhn was awarded a doctorate in physics.

On 27 November 1948, Kuhn married Kathryn Muhs. She was born in
Reading, Pennsylvania, in 1923, and graduated in 1944 from Vassar
College. They had three children: Sarah (b. 1952), Elizabeth (b. 1954),
and Nathaniel (b. 1958). Kuhn’s wife was instrumental in and supportive
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of his career, typing out his doctoral dissertation and encouraging his
passion for scholarly work. In appreciation, Kuhn called her “his favorite
epistemologist.” He also expressed his appreciation and gratitude to his
family in Structurefor their support and encouragement. Kuhn had a warm
and caring relationship with his three children to whom he dedicated his
last book with the inscription “For Sarah, Liza, and Nat, my teachers in
discontinuity.”'

In 1943, Conant assembled a committee to examine general education
at Harvard. After the committee issued its report, Objectives of a General Edu-
cation in a Free Society, a précis of it appeared in a September 1945 issue of
the Harvard Alumni Bulletin, along with the opinions of 12 Harvard pro-
fessors on it. Kuhn was selected to represent the student perspective. In
an essay, “Subjective view,” Kuhn acknowledged that the report points in
the right direction because the increased scientific facts obtained within
the last century cannot be taught through traditional means. But he
concluded that the success of the general education reform depends on
professors who are

undoubtedly both scholars and teachers, but such men are rare. Far
more numerous are the inspiring teachers whose scholarship lacks pro-
fundity and the profound scholars whose teaching lacks appeal. The
University may have to increase the proportion of its staff in the first of
these categories if the general education program is to realize the
maximum of its great potential.*

One of the impetuses for revising Harvard’s general education curricu-
lum was Conant’s and others’ desire to educate the general public about
science and its role in the modern world’s prosperity. Moreover, politicians
of American domestic policy realized that an educated populace concern-
ing science would be more sympathetic for funding its research. Science
was the new frontier for Americans, as Vannevar Bush so aptly articulated
in Science, the Endless Frontier. “During the immediate postwar years,” as
Kuhn explained later, “there was much discussion of what every educated
voter ought to know about science, and there were numerous experiments
with special science courses for the non-scientist.” Conant’s approach was
through the history of science, which was unique among the approaches
taken at other institutions.

Although Kuhn had high regard for science, especially physics, he was
unfulfilled as a physicist and continually harbored doubts during graduate
school about a career in physics. He had chosen both a dissertation topic
and an advisor to expedite obtaining a degree or “walking papers.” But
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he was to find direction for his career through an invitation from Conant
in 1947 to help prepare an historical case-based course on science for
upper-level undergraduates. Conant had recently outlined his strategy to
educate the American populace, using the history of science, in On Under-
standing Science. Kuhn accepted the invitation to be one of two assistants
for Conant’s course. As Kuhn recalled later:

At our first meeting, Conant turned to me and said “I can’t imagine a
General Education course in science that doesn’t have something about
mechanics in it. But I'm a chemist, I can’t imagine how to do that!
You're a physicist, go find out!™®

And with that assignment, Kuhn undertook a project investigating the
origins of seventeenth-century mechanics, a project that would transform
his understanding of the nature of science.

That transformation came, as Kuhn recounted on a number of occa-
sions, on a “memorable (and very hot summer) day” in 1947 as he strug-
gled to understand Aristotle’s idea of motion in Physics. John Horgan
narrated the event from an interview with Kuhn accordingly: “Kuhn was
pondering this mystery, staring out of the window of his dormitory room
(‘I can still see the vines and the shade two thirds of the way down’), when
suddenly Aristotle ‘made sense’.”™ The problem was that Kuhn tried to
make sense of Aristotle’s idea of motion using Newtonian assumptions and
categories of motion. Once he realized that Aristotle had to be read using
the assumptions and categories contemporary when Physics was written,
suddenly Aristotle’s idea of motion made sense.

From this experience, Kuhn formulated a hermeneutical method for
the history of science, in terms of the following methodological maxim:

When reading the works of an important thinker, look first for the
apparent absurdities in the text and ask yourself how a sensible person
could have written them. When you find an answer . . . when those
passages make sense, then you may find that more central passages, ones
you previously thought you understood, have changed their meaning.”’

Kuhn’s insight on how to read a text from a previous scientific era was also
to form the backbone of the incommensurability thesis. He concluded
years later from the experience: “it was untranslatability rather than trans-

latability that I increasingly saw in studying the history of science.”®®
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Society of Fellows

After this experience, Kuhn realized that he wanted to be a philosopher
of science by doing history of science. His interest was not strictly history
of science but philosophy, for he felt that philosophy was the way to truth
and truth was what he was after.? To achieve that goal, Kuhn asked
Conant to sponsor him as a Junior Fellow in the Harvard Society of
Fellows. The society was recently initiated to provide young and promis-
ing scholars freedom from teaching for three years to develop a scholarly
program. The fellows meet once formally and several times informally a
week to dine and discuss ideas. Kuhn’s colleagues stimulated him pro-
fessionally, especially a senior fellow by the name of Willard Quine. At
the time, Quine was publishing his critique on the distinction between
the analytic and the synthetic, which Kuhn found reassuring for his own
thinking.

Kuhn began as a fellow in the fall of 1948, but had to finish his doctoral
dissertation in physics first. However, once it was completed the fellowship
provided him with the opportunity to retool as an historian of science.
Kuhn took advantage of the opportunity and read widely over the next
year and a half in the humanities and sciences. Just prior to his appoint-
ment as a fellow, Kuhn was also undergoing psychoanalysis. Although the
analyst acted rudely and irresponsibly, Kuhn was able “to climb into
others’ heads” for historical research.”

For Kuhn, climbing inside another’s head or understanding the context
in which scientific research is performed was stimulated by the historical
work of Alexandre Koyré. In 1947, Bernard Cohen recommended Koyré
to Kuhn. Kuhn read Koyré’s Etudes Galiléennes and “loved them. I mean,”
as he testified later, “this was showing me a way to do things.”™' Koyré’s
impact on the development of the history of science is well attested by
Kuhn later. “Within a decade of their [Etudes] appearance,” wrote Kuhn,
“they and his subsequent work provided the models which historians of
science increasingly aimed to emulate. More than any other scholar, Koyré
was responsible for . . . the historiographical revolution.”

For Kuhn, Koyré represented a different kind of historian from those
like Sarton. According to Kuhn, Sarton “was a Whig historian and he cer-
tainly saw science as the greatest human achievement and the model for
everything else.”” Kuhn’s interest in history of science was not to produce
a chronology of scientific discoveries and the people responsible for them
but to reconstruct the process and practices by which scientific knowledge
develops. Besides Koyré’s intellectual history, Kuhn was also significantly
influenced A. O. Lovejoy.
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Through his reading and discussions with other fellows, Kuhn came into
contact with other influential thinkers. While reading Robert Merton, for
example, Kuhn noted a reference to Jean Piaget. He delved into Piaget’s
theory of children learning. Commenting on Piaget’s work later, Kuhn
claimed that “these children develop ideas just the way scientists do,
except . . . [scientists] are being taught, they are being socialized, this is
not spontaneous learning, but learning what it is that is already in place.”*
In another example, while Karl Popper was at Harvard giving the William
James lectures he suggested Emile Meyerson’s Identity and Reality to Kuhn.
Kuhn, however, found Meyerson’s treatment of the philosophy of science
not as helpful as his treatment of science’s history.

Through a footnote in Hans Reichenbach’s Experience and Prediction,
Kuhn came across another influential thinker—Ludwik Fleck. Although
Kuhn claimed he did not obtain much from reading Fleck, he “certainly
got a lot of important reinforcement. There was someone who was, in a
number of respects, thinking about things the way I was, thinking about
the historical material as I was.”” But Kuhn did not find Fleck’s notion of
thought collective useful but rather he found it repulsive, although Fleck’s
work, along with a remark by another fellow Francis Sutton, helped Kuhn
to appreciate the role of the “sociology of the scientific community.”*

Kuhn was also influenced by other thinkers, which he read or came into
contact with, during his fellowship years. Other fellows introduced him to
the writings of the Gestalt psychologists, including Kurt Koffka, Wolfgang
Kohler, and Max Wertheimer, and to Benjamin Whorf’s work on language
and worldviews. In the summer between his second and third years of the
fellowship, he traveled to Europe. In England, he met Mary Hesse and
Alistair Crombie, among others. In France, he met Gaston Bachelard,
whose work he was somewhat familiar with. Unfortunately, the meeting
was held in French to Kuhn’s disappointment. He also came into contact
with Hélene Metzger’s work on the history of chemistry. Furthermore, he
read Anneliese Maier’s work in the history of science. These thinkers
showed Kuhn “what it was like to think scientifically in a period when the
canons of scientific thought were very different from those current
today.

During the last year of Kuhn’s fellowship, Conant stopped teaching the
science general education course. Kuhn, along with a colleague Leonard
Nash, a well-known and respected chemistry teacher at Harvard, took over
the course. The student numbers plummeted and Kuhn found himself
over preparing and anxious about his teaching, an anxiety that would
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plague him for the rest of his career and spill over into his writing.
Students initially found Kuhn’s lectures less than inspiring compared to
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Nash’s but over the next few years students came to appreciate the detail
Kuhn put into lectures.

In 1950, the trustee of the Lowell Institute, Ralph Lowell, invited Kuhn
to deliver the 1950-1951 Lowell lectures.” The institute was founded in
1836 by John Lowell, Jr. Although previous lecturers were well-known per-
sonages, such as Alfred North Whitehead, by the time Kuhn gave the
lectures they were usually drawn from the Harvard Fellows. Kuhn agreed
to deliver a series of eight lectures during March 1951, at the Boston
Public Library in Copely Square. An advertisement, which appeared a
month before the lectures in the Boston Globe, announced them accord-

day the advertisement appeared, Kuhn wrote a letter to Lowell expressing
dissatisfaction with it. Kuhn claimed that it “bears no relation to the
announced title of either the series or the individual lectures.”*

The misleading newspaper advertisement, which was the result of an
overly ambitious copy writer, was eventually corrected, but a flyer advertis-
ing the lectures was also distributed at the same time and added: “In a
world in which science’s quest for physical theory has already had results
that promise to change the course of history, the fate of mankind may
depend upon solving the problems of research.” Upon learning about
the flyer, Kuhn wrote another letter to Lowell complaining about its sen-
sationalism: “it may help you to understand my dismay if I explain that the
fascinating topic your copy writer has so clearly stated is one to which I
believe no serious and reputable student of science would address
himself.”* In the lectures, however, Kuhn was well on his way to develop-
ing a theory of science distinct from the traditional view, but he realized
that more historical research and philosophical reflection were needed
before he could publish it.

Faculty

In the same year of the Lowell lectures, Kuhn was appointed an instructor
and the following year assistant professor. In a 1951 letter to David Owen,
chair of the General Education Committee, Kuhn outlined his research
project and teaching interests. He first noted that he is soon to deliver the
Lowell lectures on issues in scientific methodology, which he plans to
publish as a book. “With this manifesto behind me,” wrote Kuhn, “I should
hope to turn my attention to certain of the more detailed research
problems which proceed from this orientation toward methodological
problems.” Specifically, he planned to write a book on revising the
history of motion up to the time of Newton. According to Kuhn, his
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reading of that history “does not indicate that the ancients were bad sci-
entists . . . but that the problem of motion was itself differently conceived
n antiquity.”44 Besides his “semi-historical” research, Kuhn was also inter-
ested in a number of philosophical problems with the nature of science.
“Those which most concern me at the moment,” confided Kuhn, “arise
from the necessity of retrieving, within the broader conception of science
as an activity in which facts and theories continually interact.”*

Kuhn’s primary teaching duty was in the general education curriculum,
where he continued to teach Natural Sciences 4 along with Nash. He even-
tually taught courses in the history of science. It was during this time that
Kuhn developed one of his favorite undergraduate courses in the history
of science, “The rise of scientific cosmology: Aristotle to Newton,” which
he taught for many years. In the course, Kuhn “started out by getting
people to read Aristotelian texts and talk about what motion was like and
what the so-called laws of motion were and why that was not the thing to
call them.”® Kuhn also utilized the course material for scholarly writing
projects. For example, chapters of the Copernican revolution book were
handed out in his classes. However, Kuhn found class preparation time-
consuming and often detracted from his writing.

A part of Kuhn’s motivation for developing a new image of science was
the misconceptions of science held by the laity. He blamed this misunder-
standing on introductory courses that stress the textbook image of the
nature of science, as a static body of knowledge. After discussing this state
of affairs with friends and with Conant, Kuhn attempted to provide
students with a more accurate image of science. The key to that image,
claimed Kuhn, is science’s history, which displays the creative and dynamic
nature of science.

Around 1952 Charles Morris invited Kuhn to write a monograph in the
history of science for the International Encyclopedia of Unified Science. Kuhn
was assigned to write a monograph at the suggestion of Bernard Cohen,
after another was unable to do it."” The title of the monograph was The
Structure of Scientific Revolutions. In 1953, Kuhn applied for a Guggenheim
fellowship to supplement a half-year leave of absence granted to
untenured faculty within the first five years. In the application, he
proposed to finish a book on the Copernican revolution and to write a
monograph on scientific revolutions for the Encyclopedia. He started the
fellowship in 1954, but did not finish the Copernican book until several
years later and the scientific revolutions monograph until almost a decade
later.

In 1956, Kuhn was denied tenure at Harvard because the tenure com-
mittee felt his book on the Copernican revolution was too popular in its
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approach and analysis. The book—as Kuhn admitted in his Guggenheim
fellowship application—represented a synthesis of current scholarship,
although he claimed that the narrative was to some extent unique. Inter-
estingly, Kuhn also acknowledged in the fellowship application that
Structure too was a work of synthesis like the Copernican book. But he
believed that the synthesis in Structure was more significant, since it drew
on disciplines not normally considered by philosophers of science. He
firmly believed that the image of science in Structure was a more accurate
depiction of the process of science.

Mid-career
The Berkeley years

A friend of Kuhn, who was also a tutor at Harvard’s Kirkland House, knew
Steven Pepper, who was chair of the philosophy department at the Uni-
versity of California at Berkeley. Kuhn’s friend told Pepper that Kuhn was
looking for an academic position. Pepper’s department was searching for
someone to establish a program in the history and philosophy of science.
Kuhn was eventually offered a position in the philosophy department and
later asked if he also wanted an appointment in the history department.
Kuhn accepted both positions and joined the faculty at Berkeley as an
assistant professor in 1956. A. Hunter Dupree was also hired at the same
time, to assist in establishing the program. Since courses could not be
cross-listed, Kuhn taught courses in both departments. He taught a year-
long survey course in the history of science, which he organized not
chronologically but according to scientific practices. Kuhn also taught a
course in philosophy, focusing on Aristotle to Newton, and a seminar on
various topics depending on the strength and interests of the students.
Kuhn found in the philosophy department Stanley Cavell, a soul mate to
replace Nash. Kuhn had meet Cavell earlier while they were both fellows
at Harvard. Cavell was an ethicist and aestheticist, whom Kuhn found
intellectually stimulating and with whom he could discuss issues in half-
sentences. Cavell introduced Kuhn to Wittgenstein’s notion of language
games. Kuhn also developed a professional relationship with Paul Feyer-
abend. They often met to discuss ideas “in the now defunct Café Old Furope
on Telegraph Avenue [Berkeley, CA] and greatly amused the other cus-
tomers by their friendly vehemence.”* Kuhn’s book on the Copernican
revolution appeared in 1957. In it, Kuhn expounded a narrative in which
both astronomical and non-astronomical factors shaped the revolution.
In October 1956, while first arriving on the Berkeley campus, Kuhn
presented a paper, “Role of measurement in development of science,” at
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the university’s Social Science Colloquium. The paper was revised during
the spring of 1958 and delivered the following year at a conference on the
“History of quantification in the sciences.” The paper was eventually pub-
lished in 1961, as “The function of measurement in modern physical
science.” Kuhn introduced the notion of normal scientific practice, albeit
in terms of measurement. “The second section, Motives for Normal
Measurement,” according to Kuhn, “was a product of those revisions, and
its second paragraph contains the first description of what I had, in its title,
come very close to calling ‘normal science’.”* Although he was aware for
several years that there are periods of scientific practice governed by
tradition punctuating revolutions, their importance, in terms of a notion
of normal science, eluted him. But once Kuhn had the insight into normal
science by the end of the summer in 1959, the transition from “The
function of measurement” to Structure’s chapter 4, “Normal science as
puzzle solving,” was straightforward.

In 1958, Kuhn was promoted to associate professor and granted tenure.
Moreover, having completed his historical research, Kuhn was now ready
to return to the philosophical issues that first attracted him to the history
of science. He spent a year, beginning in the fall of 1958, as a fellow at the
Center for Advanced Study in the Behavioral Sciences at Stanford, Cali-
fornia. His intention was to write a draft of Structure, but he ran into a
problem concerning the intervals between revolutions. The year Kuhn
spent at the center, filled with social scientists, was critical for resolving the
problem. What struck Kuhn about the relationships among these scientists
was their inability to agree on the fundamental problems and practices of
their discipline. Although natural scientists do not necessarily have the
right answers to their questions, there is an agreement over fundamentals.
This difference between natural and social scientists led Kuhn to the
notion of paradigm. Although Michael Polanyi visited the center while
Kuhn was in residence and gave a lecture on tacit knowledge, Kuhn
claimed that his approach was not focused on propositional knowledge as
Polanyi’s approach was. Within a year and a half, beginning in the summer
of 1959, Kuhn completed a draft of Structure.

The initial fruit of Kuhn’s labor, however, was a paper entitled “The
essential tension: tradition and innovation in scientific research,”
presented at the Third University of Utah Research Conference on the
Identification of Creative Scientific Talent, held at the Peruvian Lodge in
Alta, Utah, from 11 to 14 June 1959. The conference was part of a larger
movement at the time to identify predictors of creativity, in order to
expedite scientific discovery and advancement. It was the brainchild of
Calvin Taylor and was sponsored by the National Science Foundation.
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A steering committee invited participants from a variety of disciplines and
occupations, who had contributed to the criteria, predicators, external
conditions, and development of scientific creativity. Papers were presented
in an informal manner, and committees were formed to explore different
aspects of scientific creativity. Kuhn participated on a committee exploring
its environmental conditions.

As Kuhn noted later, the importance of “The essential tension” paper
was the introduction of the paradigm concept. “That concept,” admitted
Kuhn, “had come to me a few months before the paper was read, and by
the time I employed it again in 1961 and 1962 its contents had expanded
to global proportions, disguising my original intent.” Indeed, Kuhn’s use
of paradigm in the paper is more constrained than in Structure and reflects
the traditional function in language pedagogy. Just as students learn a
language by declining nouns and conjugating verbs, so students learn
science by solving standard problems. Kuhn later claimed he used the
term properly in this paper, as compared to Structure, for paradigm is
limited to scientific consensus especially in terms of scientific models.”
Kuhn now had both poles for his scientific epistemology: one of episodic
change (innovation), the other of stasis (tradition). For him, this gener-
ates a tension in which scientists practice.

In July 1961, after completing a draft of Structure, Kuhn participated in
a symposium, “The structure of scientific change.” The symposium was
held at the University of Oxford, UK, under the auspices of the Royal
Society’s International Union of the History and Philosophy of Science,
and directed by Crombie. In introductory remarks, Crombie discussed the
importance of and the problems associated with scientific change, espe-
cially in terms of internal and external factors, for both historians and
philosophers of science. Kuhn delivered a paper, “The function of dogma
in scientific research,” which represented a revision of “The essential
tension” paper and which contained material from the first third of the
Structure draft. In the paper, Kuhn expanded the notion of paradigm com-
parable almost to that present in Structure. Rupert Hall and Polanyi
commented on Kuhn’s paper, followed by a general discussion of the
paper involving Bentley Glass, Stephen Toulmin, and Edward Caldin.
Kuhn provided closing remarks.

In 1962 Structure was published as the final monograph in the second
volume of Neurath’s International Encyclopedia of Unified Science. Charles
Morris was instrumental in its publication and Carnap served as its editor.
The book was well received initially, as evident from contemporary reviews,
although many criticized the ambiguous formulation of paradigm. While
the book reviews exposed Kuhn to a wider audience than the history and
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philosophy communities and he had people writing to him on a regular
basis, participation in a 1965 international philosophy colloquium in
London thrust him onto center stage in the historiographic revolution.
Finally, it is fitting, as John Heilbron notes, that Structure was birthed at
Berkeley, which was the one of the important centers of the academic
revolution—as part of the Cambridge-Berkeley axis—during the 1960s.

In the early 1960s, Kuhn was invited by van Vleck to direct a project in
collecting materials on the history of quantum mechanics. The impetus
for the project was the “immortality” of its “heroes:” “With ever increasing
frequency the physicist in his middle years has asked his colleagues, what
can we do to capture the great dialogs and the great moments before they
fade away?"’52 In August 1960, Dupree, Charles Kittel, Kuhn, John Wheeler,
and Harry Wolff, met in Berkeley to discuss the project’s organization.
Wheeler next met with Richard Shryock and a joint committee of the
American Physical Society and the American Philosophical Society on the
History of Theoretical Physics in the Twentieth Century was formed to
sponsor and develop the project. The project lasted three years, from 1
July 1961 to 31 June 1964, with the first and last years of the project con-
ducted in Berkeley and the middle year in Europe. The National Science
Foundation funded the project.

Kuhn’s colleagues on the project were Heilbron, Paul Forman, and Lini
Allen. Their duties were to interview physicists, who participated in the
transition from classical physics to quantum physics during the early
twentieth century, including Niels Bohr, and to collect and deposit their
published articles, unpublished manuscripts, letters, notebooks, and
autobiographical remembrances, at different locations. The project’s staff
also conducted around 175 interviews with physicists, from February 1962
to May 1964. Kuhn found the interviewing process frustrating because the
interviewees either could not remember or thought the question was not
pertinent to the quantum story. Kuhn admitted later that he had reserva-
tions about the type of information the project would generate about the
discoveries.

I knew as a historian that scientists’ recollections of their own work is
quite bad historically; that they see themselves as having worked towards
the thing they eventually discovered, although when you look back you
find they were looking for something entirely different.”

In the same year that Structure was published, Kuhn moved his family to
Copenhagen, Denmark, where he directed the archival project. The col-
lected material was deposited at the library of the American Philosophical
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Society in Philadelphia and at the library of the University of California in
Berkeley, with a less complete collection at the Bohr archive in Copen-
hagen. A catalog of the archival material was published in 1967, by the
American Philosophical Society. Besides the catalog, Kuhn published two
historical studies related to the project. The first was an article on the
origins of the Bohr atom, which was coauthored with Heilbron. The
second was a book on Planck’s black-body theory and the origins of
quantum discontinuity.

In 1960, The Johns Hopkins University offered Kuhn a position as full
professor at a substantially higher salary. Although he found the offer
attractive, he decided to remain at Berkeley since he was only there for a
few years and found his colleagues stimulating. However, he used the offer
to negotiate for expansion of the program. Berkeley’s administration
agreed to hire another faculty member. In 1961 Kuhn was made full pro-
fessor, but only in the history department. Members of philosophy depart-
ment voted to deny him promotion in their department, a denial that
angered and hurt Kuhn tremendously. Years later in an interview, Kuhn
confessed that the hurt “has never altogether gone away.”" Eventually he
took a position elsewhere.

The Princeton years

Princeton University extended to Kuhn an offer to join its faculty, while he
was in Copenhagen. The university had recently inaugurated a history and
philosophy of science program. The program’s chair was Charles Gillispie
and its staff included John Murdoch, Hilary Putnam, and Carl Hempel.
Upon returning to the United States in 1963, Kuhn and his wife visited
Princeton. They decided to accept the offer and Kuhn joined its faculty in
1964. He became the program’s director in 1967 and the following year
was appointed the Moses Taylor Pyne Professor of History. From 1972 to
1979 he was also a member of the Institute for Advanced Study. Kuhn felt
that Princeton would provide him with more resources professionally. He
developed a close relationship with Hempel and they taught jointly a
philosophy of science course. “Tom’s ideas have influenced my thinking in
various ways,” testified Hempel later, “and have certainly contributed to
my shift from an antinaturalistic stance to a naturalistic one.

In late 1964, Imre Lakatos invited Kuhn to participate in an Inter-
national Colloquium in the Philosophy of Science, organized jointly by
the British Society for the Philosophy of Science and the London School
of Economics and Political Science. The organizing committee included
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W. C. Kneale as chair and Lakatos and Popper, among others. Originally
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there were four session to the colloquium, with Kuhn invited to participate
in a session on “Criticism and the growth of mathematical and scientific
knowledge.” Lakatos wrote to Kuhn: “this section will revolve largely
around your work, which provoked so much interest all over the world.
This would be, as far as I know, the first occasion when your theses could
be discussed by philosophers of science.”® The initial plan was for Lakatos
to deliver a critical paper on Popper’s philosophy vis-a-vis Kuhn’s philoso-
phy of science. Kuhn was then to follow with critical remarks on Lakatos’
paper. Kuhn accepted with the condition that Lakatos supply him with a
draft of his paper by March of the following year.”

Lakatos did not provide the draft by March but instead wrote Kuhn in
mid-June that he was pulling out of the conference and planned not to
present another paper again until he completed an overdue book manu-
script. Feyerabend, who was also by then to participate in the colloquium,
refused to attend and proposed to send a paper to be read by proxy.
However, the committee rejected Feyerabend’s proposal and invited John
Watkins in his stead. Moreover, the committee decided to invite Popper to
present a paper so he was not to chair the session, rather Rupert Hall was
to replace him. “I am sorry for all this news,” wrote Lakatos, “some of
which may be a disappointment for you, but I hope that after my book you
will forgive me.”™ Kuhn was more than disappointed! He found the
changes “shocking” and in a return letter resigned from the conference.
In a postscript to Lakatos, Kuhn acknowledged that some of the changes
were beyond Lakatos’ control. “What does, however, upset and offend me
deeply,” wrote Kuhn, “is your behavior.” Kuhn felt that Lakatos should
have had the courtesy to consult him about the changes.

After the problems were corrected, the colloquium went on as sched-
uled for 13 July 1965 at Bedford College in London. Kuhn presented a
paper that was to appear in Paul Schlipp’s Popper volume. Watkins then
delivered a paper criticizing Kuhn, with Popper chairing the session.
Popper also presented a paper criticizing Kuhn, as did several other
members of the philosophy of science community, including Toulmin,
L. Pearce Williams, and Margaret Masterman. Although Kuhn was vigor-
ously critiqued during the colloquium, after it he began to acquire an
international reputation. The papers from the colloquium, including
additional papers by Lakatos and Feyerabend and with a response by Kuhn
to critics, were published in 1970.

Kuhn'’s paradigm concept continued to be criticized, especially by his-
torians and philosophers of science. Interestingly, especially to Kuhn,
those outside the discipline of the history and philosophy of science were
more receptive to Structure. As the 1960s came to a close, Kuhn’s book was
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becoming increasingly popular, especially with student radicals who
believed Kuhn liberated them from the tyranny of tradition. But Kuhn
took to heart his critics and began to revise the notion of paradigm. In a
lecture, “Paradigms and theories in scientific research,” delivered at
Swarthmore College in February 1967, Kuhn attempted to clarify
paradigm by introducing the notion of “professional matrix.”®

In March 1969, Kuhn attended a symposium, organized by Frederick
Suppe and Alan Donagan, on the structure of scientific theories held at
Urbana, Illinois. The aim of the symposium, as stated in its call, was to
assemble “a number of the main proponents and critics of the traditional
analysis, proponents of some of the more important alternative analyses,
historians of science, and scientists to explore the question ‘What is the
structure of a scientific theory?””" To that end, the organizers invited the
luminaries in science and in the history and philosophy of science. Kuhn
presented a paper, entitled “Second thoughts on paradigms,” in which he
clarified paradigm in terms of disciplinary matrix and exemplar. Suppe
provided commentary, followed by a general discussion among Kuhn,
Dudley Shapere, Sylvain Bromberger, Patrick Suppes, Putnam, and Peter
Achinstein.

During this time, Kuhn also redressed the notion of paradigm in a
second edition of Structure, which appeared in 1970. In its Japanese trans-
lation Kuhn added a postscript in which he addressed various criticisms,
especially those of paradigm. The postscript was then added to the revised
edition of Structure. An expanded version of Structure that was promised
never appeared, although Kuhn made some effort in that direction.” “I
came to realize,” he admitted later, “that I didn’t have anything more to
say in the same general vein.”*

In the late 1960s and the early 1970s, Kuhn addressed methodological
issues in the history and philosophy of science. In the Isenberg lecture,
“The relations between the history and the philosophy of science,” pre-
sented at Michigan State University in March 1968, Kuhn contended that
the history of science and the philosophy of science should remain
separate enterprises. The journal of the American Academy of Arts and
Sciences, Dedalus, sponsored a special issue in 1971 called “The historian
and the world of the twentieth century.” The issue contained papers
delivered at meetings held in Princeton and Rome, funded by the Ford
Foundation. In prefatory remarks, the editor commented on the
transformation of historical scholarship since the 1920s and 1930s.

The conceptual and methodological changes that have taken place
within certain fields are given great importance; so, also, are the changes
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that have led historians to seek entirely new kinds of facts to answer
wholly new kinds of questions. Many of the most important changes have
come about through developments internal to the specific historical dis-
ciplines themselves; others reflect changes—intellectual, social, and
political—taking place in society.”

Kuhn contributed, along with other prominent historians such as Arthur
Schlesinger, to the special issue.

Stephen Rousseas, director of a Science, Technology and Society
program at Vassar College, invited Kuhn to participate in a symposium
focusing on Structure.”® Rousseas wanted Kuhn to address the application
of paradigm to disciplines like the social sciences. Kuhn’s book was used
in the program, with students and sociologists being supportive of it while
philosophers and scientists, of a positivist bent, were not. In November
1974, Kuhn delivered a lecture, “Puzzles vs. problems in scientific devel-
opment.” In it, Kuhn acknowledged that the enthusiasts Structure engen-
dered among sociologists are “part of the audience that seemed most
easily able to find in it anything they pleased.”

Kuhn blamed this plasticity on himself because of a “bad mistake . . . I
sometimes think it the only truly stupid one” made in Structure.”” “I speak
of the transition to maturity as the transition from the pre-paradigm to the
post paradigm period, all of which now seems to me wrong.”® In Structure,
he claimed that during the pre-paradigmatic period, each school had a
particular paradigm. “But if that’s the case,” reasoned Kuhn, “then the
notion of paradigm, whatever its other virtues, is irrelevant to the transi-
tion from an underdeveloped to a developed or mature state.”™
of this mistake, he accepted partial responsibility for the inappropriate
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application of the paradigm notion by members of disciplines outside the
physical sciences, especially sociologists, who used it to claim scientific
status for their discipline. Kuhn was truly contrite for his mistake and
endeavored, with moral fervor, to correct it.

The visit to Vassar was less than a success, at least from Kuhn’s perspec-
tive. In a letter to the director, Kuhn wrote that “the trip to Vassar was for
me a nightmare, unlike and far more severe than any I have encountered
in a large number of similar trips to college campuses during the past ten or
more years.”” The nightmare was Kuhn’s perception that people at Vassar
thought he had no responsibility or obligation to correct the misuse and mis-
understanding by others of his ideas in Structure. He characterized his host’s
attitude towards him as, “You have done your job; leave the rest to us; and
don’t rock the boat.””" Kuhn considered this a moral issue and resented
the attitude at Vassar. He thought it smacked of “anti-intellectualism.”
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The director responded to Kuhn, noting that the college had a long list
of distinguished speakers who were gracious even though the discussions
were often frank and intense. “Your letter,” claimed Rousseas, “is an extra-
ordinary document which reveals more about yourself than you may have
intended.””

In November 1976, Kuhn delivered the Agnes A. and Constantine E. A.
Foerster lecture, “Does knowledge ‘grow’?”, at the University of California,
Berkeley. He shared the podium with Stefan Amsterdamski from the Insti-
tute of Science at the Polish Academy of Sciences in Warsaw, who also
delivered a lecture earlier in the day, “Reflections on science and human
rationality.” Amsterdamski recently wrote a book, Between Experience and
Metaphysics: Philosophical Problems of the Evolution of Science, which Kuhn read
in preparation for the meeting. “You will know already,” wrote Kuhn to
Amsterdamski, “that I am in wholehearted agreement with most of your
book.” But Kuhn was concerned over Amsterdamski’s criticism that
Kuhn did not distinguish adequately between revolutions in a specific sci-
entific discipline and those in science as a whole; for Amsterdamski
claimed that global revolutions rarely occur in science. In response, Kuhn
acknowledged that he did not disagree with Amsterdamski but felt he
missed an important point. “I doubt,” wrote Kuhn, “that there are such
things as global revolutions in the sciences excepting on occasions when
the sciences are caught up in a transformation of thought that extends
widely outside of the realm of the sciences altogether.””*

During the 1970s, Kuhn also pursued a notion related to the incom-
mensurability thesis, theory change. He discussed it in a Franklin J.
Machette lecture, presented as a session of the Furman University
Colloquium in Philosophy of Science, “The limits of reason in the science
and the humanities,” held in November 1973. Two other sessions also
constituted the colloquium, in which Joseph Agassi and John Compton
delivered papers. In the Machette lecture, “Objectivity, value judgment,
and theory choice,” Kuhn asserted that theory choice involves judgement
based not only on objective criteria but also on subjective values. John F.
Post from Vanderbilt served as commentator.

After the paper’s publication, Hempel criticized Kuhn’s approach to
theory choice. The two philosophers began a discussion of the issue earlier
when they were at Princeton and continued it at the tenth Chapel Hill
Colloquium in Philosophy, in October 1976. At the colloquium Hempel
delivered a paper “Scientific rationality and rational reconstruction” in a
session titled the same. Kuhn followed with comments on Hempel’s paper.
The two philosophers had another go at theory choice at the eightieth
annual meeting of the eastern division of the American Philosophical
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Association, held in December 1983 at the Sheraton hotel in Boston, Massa-
chusetts. The occasion was a symposium on Hempel’s rationality of science.
Kuhn and Wesley Salmon presented papers, to which Hempel responded.

In the early 1970s, Kuhn began a detailed historical analysis on Planck’s
development of the novel theory of black-body radiation, which was pub-
lished in 1978 as Black-Body Theory and the Quantum Discontinuity,
1894-1912. The book was not especially well received either by historians
and philosophers or by physicists. Historians and philosophers were dis-
appointed because Kuhn did not explicitly frame the narrative in the
terms of Structure. Interestingly, Kuhn acknowledged that he could not do
history and philosophy simultaneously. He often focused on the historical
narrative and only addressed the philosophical relevance later.” Physicists
were critical of Kuhn’s reconstruction of the science. Moreover, Kuhn
ignored the social influences on the development of Planck’s ideas, which
annoyed the sociologists of science. However, he considered the Planck
book “the best study in conceptual change I've done.””® Kuhn responded
to his critics in a journal article, “Revisiting Planck,” which was later pub-
lished as an “Afterword” in a revised edition of the book. The purpose of
his response was to summarize the major technical points of the book and
to address the relationship of Black-Body Theory to Structure.

In 1978, Kuhn was a fellow at the New York Institute for the Humanities.
In September of that year, his marriage to Kathryn ended in divorce and,
while she remained in Princeton, Kuhn decided to leave and soon moved
to Cambridge, Massachusetts. “It,” as Kuhn recalled later, “wasn’t anything
about Massachusetts Institute of Technology versus Princeton as such.””’
Moreover, Kuhn was to turn his attention away from history of science to
philosophy of science. At MIT, Kuhn took a “linguistic turn” in his
thinking, reflecting his new environment, which had a major impact on
his subsequent work, especially on the incommensurability thesis.

Late career

In 1979, Kuhn was appointed a professor in MIT’s Department of Lin-
guistics and Philosophy, which is housed in wooden military barracks built
during World War II. In 1983, he was appointed the Laurance S. Rocke-
feller Professor of Philosophy, the first to hold that position. And in 1982,
Kuhn married Jehane Burns, whom he met at a dinner party in 1979.
During the 1980s and early 1990s, Kuhn was still engaged with issues asso-
ciated with Structure, including scientific development, theory choice, and
especially incommensurability. He wrote a number of papers on these
issues, using a linguistic and taxonomic framework for incommensurability
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that reflected his new surroundings. In November 1980, he delivered a
series of three lectures at the University of Notre Dame’s Perspective
lectures. The title of the lectures, “The nature of conceptual change,” rep-
resented his return to the philosophical issues that emerged from Struc-
ture. In the first lecture, he revisited the nature of scientific revolutions.
The lecture was revised and presented at the third annual conference of
the Cognitive Science Society in 1981 and later published as “What are
scientific revolutions?” In the next two lectures, he turned to a linguistic
formulation for the incommensurability thesis by examining the linguistic
elements of revolutionary change, on the one hand, and causal theory and
necessary truth, on the other. Kuhn continued to develop the ideas of the
last two Notre Dame lectures in a paper, “Commensurability, comparabil-
ity, and communicability,” which he delivered at the biennial meeting of
the Philosophy of Science Association, held at Philadelphia in October
1982. Philip Kitcher and Mary Hesse provided commentary, to which
Kuhn responded.

Achinstein invited Kuhn to deliver the 1983 Alvin and Fanny Blaustein
Thalheimer lectures at The Johns Hopkins University’s Department of
Philosophy.”™ Full honorarium carried a stipulation that the lectures be
published, with Thalheimer lectures noted in a subtitle. Kuhn was unable
to accommodate the spring but agreed to give a series of four lectures in
November 1984. In the series, “Scientific development and lexical
change,” Kuhn extended the ideas delivered in the Notre Dame lectures.”
He proposed to cover material that was to appear in a forthcoming book,
which he planned to publish with the University of Chicago Press.
However, he was unable to publish it and never received the balance of the
honorarium. The main argument of the lectures was that theories are
embedded “inextricably” in a language or lexicon and that scientific
knowledge is intimately tied to the structure of language as represented in
a lexicon. Given this intimate relationship, change in a lexicon often
results in an inability of the previous language user to translate an older
theory into the current language. “Here and there,” wrote Kuhn, “the two
languages are incommensurable, and in the areas where they are, no full
translations from one to the other are possible.”’

Kuhn continued to pursue the linguistic turn toward an articulation of
the incommensurability thesis in subsequent lectures and articles. At the
sixty-fifth Nobel Symposium in August 1986, Kuhn presented a paper,
“Possible worlds in history of science.” Arthur Miller and Tore Fringsmyr
provided commentaries, to which Kuhn responded. In the paper, Kuhn
further developed the notion of a lexicon. He refined this notion in
“Dubbing and redubbing: the vulnerability of rigid designation,” which he
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delivered at the twentieth Chapel Hill Colloquium in Philosophy, held in
October 1986. Arthur Fine provided commentary.

In the mid- to late 1980s, the Minnesota Center for Philosophy of
Science sponsored an institute to address the question whether a new con-
sensus, based on the work of Kuhn, Quine, Hanson, and others, was
emerging in the philosophy of science to replace the older consensus of
logical positivism. Kuhn participated in the institute with a revised version
of the 1986 Chapel Hill paper. Kuhn’s paper, along with others, was pub-
lished as volume XIV in the Minnesota Studies in the Philosophy of
Science. He addressed the incommensurability thesis again in the 1987
Shearman Memorial lectures, at University College, London. In the series
of three lectures, “The presence of past science,” he explored the regain-
ing, portraying, and embodying of past science.®!

In 1989, Kuhn submitted a grant proposal to the History and Philosophy
of Science Program of the National Science Foundation. The title of the
project was “Philosophy of scientific development.” Kuhn proposed to
complete a book, Words and Worlds: An Fvolutionary View of Scientific Devel-
opment, which he had been working on for the past decade. Much of the
material was taken from the Perspective lectures, Thalheimer lectures, and
Shearman lectures. Nine reviewers evaluated the grant application, with
eight of the reviewers scoring it “excellent.” For example, one reviewer
claimed: “A new work by Kuhn, advancing and improving upon the argu-
ments in his Structure of Scientific Revolutions, will be a significant and influ-
ential book.”™ Another reviewer had this to say: “Kuhn’s Structure is a
modern classic. Despite protests and criticisms and reservations, Kuhn’s
work has altered the conception of science not just for philosophers and
historians and scientists, but for a whole generation of educated men and
women.” The consensus of the reviewers was that Kuhn’s grant should be
funded and it was.*!

From 1989 to 1990, Kuhn was president of the Philosophy of Science
Association. In October 1990, he delivered the presidential address, “The
road since Structure,” at its biennial meeting, held at Minneapolis, Min-
nesota. In it, he discussed the various issues he was working on, especially
incommensurability from an evolutionary perspective. He also noted that
his remarks reflected the major themes of a book, The Plurality of Worlds:
An Evolutionary Theory of Scientific Discovery, he was working on. Although
large sections of it appeared in draft form, the book was not finished at the
time of his death.

Besides philosophical issues, Kuhn also addressed issues concerning the
practice and nature of history and its relationship to the philosophy of
science. In 1980, Kuhn published a review, “The Halt and the blind:
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philosophy and history of science,” in which he again claimed that there is
no discipline of history and philosophy of science. For philosophers are
interested in truth and historians in what happened. But Kuhn acknow-
ledged that the two disciplines may cross-pollinate each other. Kuhn also
surveyed the history of science discipline in a 1985 keynote address, which
he delivered at the seventeenth International Congress held at Berkeley. In
it he discussed the rapid growth of the discipline and its shifts from ancient
to modern histories and from intellectual to social histories. For Kuhn, the
discipline he believed he had helped to spawn is an historical philosophy
of science, which was the topic of a paper delivered in November 1991, as
the Robert and Maurine Rothschild Distinguished lecture, in the Depart-
ment of the History of Science at Harvard University. Kuhn retired from
teaching in 1991 and became an emeritus professor.

During Kuhn’s career he received numerous awards and accolades. He
was the recipient of honorary degrees from around a dozen academic
institutions, such as University of Chicago, Columbia University, University
of Padua, and University of Notre Dame. He was elected a member of the
National Academy of Science—the most prestigious society for U.S. scien-
tists—and was an honorary life member of the New York Academy of
Science and a corresponding fellow of the British Academy. He was presi-
dent of the History of Science Society from 1968 to 1970 and was awarded
its highest honor, the Sarton Medal, in 1982. Kuhn was also the recipient
in 1977 of the Howard T. Behrman Award for distinguished achievement
in the humanities and in 1983 of the celebrated John Desmond Bernal
award.

In May 1990, a conference—or as Hempel called it, a “Kuhnfest”—was
held in Kuhn’s honor at the Massachusetts Institute of Technology, spon-
sored by the Sloan Foundation and organized by Paul Horwich and Judith
Thomson. The conference speakers included Jed Buchwald, Nancy
Cartwright, John Earman, Michael Friedman, Ian Hacking, Heilbron,
Ernan McMullin, N. M. Swerdlow, and Norton Wise. The papers reflected
Kuhn'’s impact on the history and philosophy of science. A special appear-
ance was made by Hempel on the last day, followed by Kuhn’s remarks on
the conference papers. As he approached the podium after Hempel’s
remarks, before a standing-room-only audience, Kuhn was visibly moved
by the outpouring of professional appreciation for his contributions to a
discipline which he cherished and from its members whom he truly
respected.

Kuhn died on 17 June 1996 in Cambridge, Massachusetts, after suffering
for two years from cancer of the throat and bronchial tubes. He was an
inveterate cigarette smoker. On one occasion that dependency did not
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serve him well professionally, when meeting Popper in Kuhn’s Berkeley
home in 1962. Heilbron narrated the event: “The guest was allergic to

smoke and the host was addicted to cigarettes. Communication across

worldviews, never an easy matter, failed altogether owing to coughing fits

on the one side and tobacco fits on the other.
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Chapter 2

How does Kuhn arrive at Structure?

The development of Kuhn’s new image of the nature of science began
with the 1951 Lowell lectures. In these lectures, Kuhn outlined a dynamic
conception of science in contrast to the static conception of traditional
philosophy of science. The basic dialectic found in his later writings was
present in theses lectures. In The Copernican Revolution, he continued to
refine his historiographic approach to science. In three essays following
The Copernican Revolution, Kuhn returned to the philosophical issues that
animated his original interest in the history of science and continued to
explore those issues in terms and concepts that presaged Structure.

The 1951 Lowell lectures: “The quest for physical theory”

Kuhn began the first lecture, “Introduction: textbook science and creative
science,” by citing the common (mis)perception, especially promoted by
Karl Pearson, that the scientist is a “man in the highly starched, gleaming
white coat who . . . abandons all prejudice so that he may proceed first to
a dispassionate analysis of all the facts and then to the formulation of the
immutable laws which govern them.” Kuhn’s critique of the scientist’s
image and of the scientific method reflected Conant’s earlier rejection of
Pearson’s distorted image of science and its methods. Conant asserted that
Pearson failed “in analyzing the processes of science” and overemphasized
the “applicability of what he considers the scientific method.”

“Now,” declared Kuhn, “I think that this picture of the scientist, and the
correlated description of the method by which the scientist reaches his
conclusions, is altogether wrong.”™ Rather, Kuhn maintained that “preju-
dice and preconceptions are inextricably woven into the pattern of scien-
tific research, and that any attempt to eliminate them would inevitably
deprive this research of its fruitfulness.” Kuhn assured his audience that
he, as a once practicing scientist, believed that science produces useful
and cumulative knowledge of the world, but that traditional analysis of
science distorts the process by which scientific knowledge develops.
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In the broadest and most fundamental sense, the objective of these
lectures is then to provide a preliminary description of scientific activity
and to discover the relationship of this, the activity of the working sci-
entist, to the products of his profession, to science as a body of human
knowledge.’

To that end, Kuhn distinguished between science as a dynamic activity
or practice and science as a static body of knowledge. Moreover, he
utilized the history of science to exhibit the process by which creative
science advances, rather than focusing on the finished products of science
as given in textbooks. It is this reliance on textbook science that misleads
“the dominant empiricist methodological tradition.”® Textbooks state the
immutable scientific laws and marshall forth the experimental evidence to
support the laws, thereby covering over the very creative process that leads
to the laws in the first place.

We assume that the structure of knowledge in the textbook, the struc-
ture which we give to scientific knowledge for its transmission and
preservation, provides a substantial clue to the nature of the creative
process by which we gained that knowledge. And it is from this assump-
tion that I should like to dissent.”

Although he drew from studies in logic, language, and psychology to
support his dissent, Kuhn drew mainly from the history of science. He
rejected the traditional history of science in which laws are derived from
facts, since it is based on a distorted image of science. Rather he proposed
to utilize an alternative approach to the history of science.

In the next three lectures Kuhn presented this alternative historical
approach to scientific methodology. In the second lecture, “The founda-
tions of dynamics,” Kuhn claimed that the traditional position in which
Galileo rejected Aristotle’s physics because of Galileo’s experiments is a
fallacy. Rather Aristotelianism, as an entire system, was rejected:

we shall not understand the way in which his laws were overthrown
unless we note how closely they were associated with a set of views about
the cosmos which were rejected together with his laws during the latter
portions of the middle ages. For Aristotle’s laws, like all scientific laws,
did not stand, or fall, alone.®

In other words, Galileo’s evidence was necessary but not sufficient; rather,
the whole Aristotelian system was under evaluation, which also included its
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logic. Change that logic and the evidence is now efficacious in dethroning
the system. Although Galileo was trained in Aristotelian physics he repre-
sented a turning point, following a long tradition of logical and physical
criticisms of it.’”

Galileo’s rejection, then, was not simply based on evidential rejection of
Aristotle, but on a logical one.

It was in the application of this new logical understanding [originating
in Oxford with such people as Nicholas Oreame] and these new logical
tools [graphic and algebraic] to the qualitative physics of the impetus
school that Galileo made one of the principal contributions—a contri-
bution whose ultimate outcome was of course to destroy totally the
impetus school . . . What had changed was the scientific view of the phe-
nomenon: motion had ceased to be a change between fixed endpoints
and had become a quality of the moved body, a quality whose intensity
was observed to increase throughout the motion."

In the next two lectures, Kuhn applied the new approach to the history of
science in the analysis of atomism: “The prevalence of atoms,” in which he
explored the differences between the Greek and modern notion of
atomism, and of electricity, and “The principle of plenitude: subtle fluids
and physical fluids,” in which he examined the change from the notion of
subtle to physical or ethereal or electrical fluids."

In the final four lectures, Kuhn proposed an alternative image of science
based on the new approach to the history of science. It was a creative
image of science, in contrast to a textbook science of traditional analysis.
In the fifth lecture, “Evidence and explanation,” Kuhn replaced the initial
terms of prejudice and preconception, used in the first lecture.

In their normal usage, they imply an absence of intellectual activity and
a regression from rationality. So that since I now wish to discuss the role
of such elements in science, an activity which I take to be intellectual and
rational in the extreme, it might be best to admit them to a more con-
structive function and to call these elements the points of view of the
active scientist or the principles which orient his perceptions and judg-
ments about the phenomenal world."

Often these viewpoints are not just physical such as cosmological but also
metaphorical.

These viewpoints are “conceptual frameworks,” a phrase Kuhn derived
from Conant’s phrase “conceptual scheme” and presages Kuhn’s later
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notion of paradigm.” These frameworks, insisted Kuhn, serve a compre-
hensive function.

They suggest problems; they suggest the sorts of evidence relevant for
the solutions of these problems; and they suggest the mode in which the
answers to these problems must be cast. They are, if you will, predispo-
sitions to certain sorts of explanations . . . they are equally predisposi-
tions towards evidence, towards facts . . . This suggests that scientific
research is inherently circular, that it does not proceed from experi-
mental facts to theories, but that facts and theories are provided
together, in a more of less inchoate form, by scientific orientations.'

Science progresses, then, “by a series of circular attempts to apply differ-
ing orientations or points of view to the natural world.”"” Kuhn’s new
image of science was dynamic, as opposed to a static image provided by
traditional analysis. Here was Kuhn’s revolution in nascent form.

In the next lecture, “Coherence and scientific vision,” Kuhn drew from
psychology to defend the advancement of science though scientists’ pre-
dispositions. He discussed several examples of perceptual experiments
from psychology (found later in Structure) and concluded that “the world
of our perceptions is not uniquely determined by sensory stimuli but is a
joint product of external stimulation and of an activity which we perform
in organizing them.”" It is the predispositions that allow us to negotiate
the world and to learn from our experiences. Moreover, these predisposi-
tions allow us to see different things even though our stimuli are the same.
They are, then, the means by which we compose an everyday “behavioral
world,” as Kuhn called it. He then drew from language studies and child
cognitive development to support his position.

Just as we operate in a behavioral world, so do scientists. But this profes-
sional world (a precursor to Kuhn’s notion of normal science in Structure)
is different from the everyday world. First, it is complete in that it supplies
everything scientists need to operate effectively and efficiently in the
production of scientific knowledge. Moreover, it can also be changed due
to an inadequacy, which is an “anomaly,” in a behavioral world. This
inadequacy may lead to a “crisis.” Importantly, for Kuhn, “a crisis, by the
recognition of an inadequacy in the older world, transforms experience as
well as the mental category in terms of which we deal with experience.”"’
Because of their importance in organizing the scientist’s behavioral world,
these predispositions or orientations cannot be dispensed with easily.
Rather, change represents a foundational alteration in a scientist’s behav-
ioral world.
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In the following lecture, “The role of formalism,” Kuhn drew on logic
and mathematics, especially in the physical sciences. He pointed out that
“the application of formalism to a limited area of knowledge is a tool
which by creating greater conceptual freedom aids in the resolution of
crisis states in individual science. But the application of logical formalism
can create such crises.””® Logic systems are also important for deriving
meaning and for managing and manipulating scientific knowledge. But
scientific, as natural, language outstrips such formalization. Even if such
formalization is possible, argued Kuhn,

its results would be to freeze scientific attention upon just those aspects
of nature which are embraced by contemporary science. It would
provide a place in its meaning system for aspects of nature now consid-
ered technically relevant and no place for others. As a result it would not
be a language adequate to embrace new conceptual developments in
science."

In other words, Kuhn turned the tables on an important tool for the tra-
ditional analysis of science. By revealing the limitations of logical analysis,
he showed that logic is necessary but insufficient for justifying scientific
knowledge. Logic, then, cannot guarantee the traditional, static view of
science.

In the final lecture, “Cannons of constructive research,” Kuhn continued
the examination of logical analysis, especially in terms of language and
meaning. His position was that language is a way of dissecting the scientific
behavioral world in which scientists operate. But there is always ambiguity
or overlap in the meaning of terms as that world is dissected. Certainly sci-
entists attempt to increase the precision of their terms but not to the point
that ambiguity is eliminated. For Kuhn, this had an important advantage.

But in practice we do not achieve this complete formalization of our
texts. And historically it appears extremely fortunate that we do not do
so. We do leave vague meaning fringes on scientific terms, and our
research is always conducted within the area determined by these vaguer
fringes. Itis in these areas alone that questions can arise as to established
theories. The effect of full formalization is to make a theory impreg-
nable except in so far as precise measurements may display deviations
from the postulated laws. And this is not the most usual source of scien-
tific advance . . . Thus, the vague and behaviorally determined meaning
systems of natural language are one of the most important vehicles for
what we have previously called scientific orientations. The area of stable
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meaning is an area of what we take to be certain knowledge. In this area
no questions arise. The area outside our meaning system is an area
which can be mediated neither by our language nor our perceptions.
Prior to a shift of meaning systems no questions can arise here either. It
is only in the area provided by meaning fringes that scientific questions
can arise and that scientific exploration can occur.”

Kuhn claimed that scientific exploration may proceed in one of two
ways. The first “may result in increasing the scope and precision of the
existing meaning system.” He noted that this type of activity occurs
during periods when a particular orientation or predisposition is operat-
ing. This is the constructive period in scientific development. The second
way represents the destructive period of scientific development, in which
the older meaning system is replaced by a newer one. This period is
preceded by a crisis state, in which the older meaning system is no longer
sufficient to guide research. Rather disputes over the meaning of terms
arise, with eventual divergence over the meaning of those terms. Kuhn
claimed that these crisis periods lead to scientific revolutions, which, in
turn, “terminate with new precise criteria for scientific meanings and
frequently with new central cores of meaning for natural languages.”*
Scientific revolutions, for Kuhn, are “simultaneously destructive and
creative of scientific orientation, behavioral worlds, and meaning systems.”23

Kuhn concluded the lectures by rehearsing the patterns of scientific
activity he had explicated through historical case studies, language acqui-
sition, and the psychology of perceptions, in order to distinguish between
creative and textbook science.

Our linguistic apparatus, our involuntary yet alterable organization of
our perceptions provide us with our science in embryo. They are the
vehicles of that inevitable predisposition to theories of a certain sort
which, as we have noted again and again, govern our experiments and
the conclusions which we draw from our experiments.**

But this creative process is what also grounds textbook science. “By
increasing abstraction and increasing precision,” claimed Kuhn, “we can
create within the pre-existing patterns of language and perceptions a
summary of our most certain knowledge we call science . . . which we
embody in scientific texts.”®

However, these perceptual and linguistic organizing structures were, for
Kuhn, a deep problem surfacing over again during the lectures in that
they are impermanent and mutable. “They arise from experience, they
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legislate for experience,” contended Kuhn, “but they may prove inade-
quate to experience. When they do, they must be altered, and the process
by which they are altered is destructive and constructive.” Without these
organizing structures there is no science and with them only limited kinds
of science. “So continuing progress in research,” concluded Kuhn, “can be
achieved only with successive linguistic and perceptual re-adaptations
which radically and destructively alter the behavioral worlds of profes-

927

sional scientists.

The Copernican revolution

Kuhn claimed he identified an important feature of the Copernican revo-
lution, which previous scholars missed: its plurality. What Kuhn meant by
plurality is that although Copernicus’ De Revolutionibus “consists principally
of mathematical formulas, tables, and diagrams, it could only be assimi-
lated by men able to create a new physics, a new conception of space, and
a new idea of man’s relation to God.” Kuhn was interested in the new
world(s) the revolution prompted. A methodological corollary to this
insight was Kuhn’s breach of institutional limits that separate the physical
sciences from the humanities, which gave the appearance that his book is
really two: “one dealing with science, the other with intellectual history.”29
“Scientific concepts are ideas,” according to Kuhn, “and as such they are
the subject of intellectual history.” It is the combination of the science
and intellectual history that was Kuhn’s methodological insight. Scientists
have philosophical and even religious commitments, which are important
for the development of scientific knowledge. This stance was anathema to
traditional philosophers of science, who believed that such commitments
played little if any role in the development of scientific knowledge.

The genesis of Kuhn’s study of the Copernican revolution was the
lectures he delivered in a science course for non-majors at Harvard.
Kuhn’s approach in the course was to situate the scientific information
within an historical and a philosophical context. He defended this peda-
gogical method, claiming that students are better motivated to learn the
material when they see the connections of science with culture at large.
According to Kuhn, “the technical facts and theories that they learn
function principally as paradigms rather than as intrinsically useful bits of
31 Although Kuhn used the term paradigm, he did not
expand upon it. But the kernel of the idea was present and would bear his-
torical and philosophical fruit in Structure. Moreover, Kuhn’s concern with

information.

the Copernican revolution was not only pedagogical but also professional.
“If we can discover the origins of some modern scientific concepts and the
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way in which they supplanted the concepts of an earlier age,” stated Kuhn,
“we are more likely to evaluate intelligently their chances for survival.””

Kuhn began his reconstruction of the Copernican revolution by estab-
lishing the genuine scientific character of ancient cosmological schemes,
especially the two-sphere cosmology composed of an inner sphere for
the earth and an outer sphere for the heavens. Importantly for Kuhn,
astronomical “observations in themselves have no direct cosmological
consequences . . . [rather] conceptual schemes [like the two-sphere cos-
mology] derived from these observations do depend upon the imagina-
tion of scientists. They are subjective through and through.”™ Conceptual
schemes exhibit three important features. They are comprehensive in
terms of scientific predictions, there is no final proof for them, and they
are derived from other schemes. Finally, to be successful conceptual
schemes must perform logical and psychological functions. The logical
function is determined in explanatory terms, while the psychological
function is determined in existential terms. Although the logical function
of the two-sphere cosmology continued to be problematic, its psychologi-
cal function afforded adherents “with a worldview, defining their place in
the created world and giving physical meaning to their relation with the
gods.”™ Such a position ran counter to that of the traditional view of
science.

The major logical problem with the two-sphere cosmology was the
movement and positions of the planets. In Almagest, according to Kuhn,

it was Ptolemy who first put together a particular set of compounded
circles to account, not merely for the motions of the sun and moon, but
for the observed regularities and irregularities in the apparent motions
of all the seven planets.”

The conceptual scheme Ptolemy developed in the second century guided
research for the next millennia. But problems surfaced with the scheme
and predecessors could only correct it so far with ad hoc modifications. As
Kuhn contended, the Ptolemaic “system of compounded circles was an
astounding achievement. But it never quite worked.”

Kuhn asked at this point in the narrative why the Ptolemaic system,
given its imperfection, was not overthrown sooner. The answer, for
Kuhn, depended on a distinction between the logical and psychological
dimensions of scientific revolutions. According to Kuhn there are logi-
cally different conceptual schemes that can organize and account for
the data. The difference among these schemes is their predictive power.
Consequently, if an observation is made that is not compatible with a
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prediction the scheme must be replaced. But Kuhn contended that “his-
torically the process of revolution is never, and could not possibly be, so
simple as the logical outline indicates.”” There is also the psychological
dimension to a revolution. Kuhn was overturning the logical view of
science, which he found inadequate to account for scientific change in
cultural terms.

Copernicus had to overcome not only the logical function of the Ptole-
maic system but more importantly its psychological function. That later
function was developed as far back as Aristotle, who wedded the two-
sphere cosmology to a philosophical system. Through the Aristotelian
notion of motion among the heavenly and earthly spheres, the inner
sphere was connected and dependent on the outer sphere.

In an era when man’s need to understand and control his fate immeas-
urably transcended his physical and intellectual tools, this apparent
celestial power was naturally extended to the other celestial wanderers.
Particularly after Aristotle supplied a physical mechanism—the frict-
ional drive—through which the heavenly bodies could produce terres-
trial change, there was a plausible basis for the belief that an ability to
predict the future configurations of the heavens would enable men to
foretell the future of men and nations.*

That ability to presage future events was linked astronomically to astrology.
Such an alliance according to Kuhn provided a formidable obstacle to
change of any kind.

But change began to take place, albeit slowly. From Aristotle to Ptolemy,
a sharp distinction arose between the psychological aspects of cosmology
and the mathematical precision of astronomy. By Ptolemy’s time, astron-
omy was less concerned with data interpretation and more with their
prediction. To some extent this aided Copernicus, in that whether the
earth moved was determined by predictive power. But still the earth as
center of the universe gave existential consolation to people. The strands
of the Copernican revolution, then, included not only the astronomical
but also the theological, economic, and social. For example, Kuhn
explored the cosmological reliance of Dante’s Divine Comedy on the
Aristotelian-Ptolemaic cosmology, and concluded: “Moving the earth may
necessitate moving God’s Throne.” But criticism of ancient cosmology
also originated with the Scholastic tradition, such as the impetus theory of
motion that replaced Aristotle’s theory and in the hands of Newton estab-
lished the Copernican revolution. Other factors also paved the way for the
Copernican revolution, including the Protestant reformation, navigation
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for oceanic voyages, calendar reform, and Renaissance humanism and
neoplatonism.

Copernicus, according to Kuhn, was the immediate inheritor of
Aristotelian-Ptolemaic cosmological tradition and, except for the position
of the earth, was closer to that tradition than to modern astronomy: “the
universe of the De Revolutionibus is classical in every respect that Coperni-
cus can make seem compatible with the motion of the earth.”’ He had, as
it were, one foot in the ancient tradition and the other headed for the
modern tradition. Kuhn considered De Revolutionibus to be “a revolution-
making rather than a revolutionary text.”*' Although the problem Coper-
nicus addressed was the same for his predecessors, planetary motion, his
solution was to revise the mathematical model for that motion by making
the earth a planet that moves around the sun. Essentially, Copernicus
maintained the Aristotelian-Ptolemaic universe but exchanged the earth
for the sun. Although Copernicus had eliminated major epicycles he still
used minor ones and the accuracy of planetary position was no better than
Ptolemy’s. Kuhn concluded that Copernicus did not really solve the
problem of the planets.

Although Copernicus did not solve the problem of planetary motion, he
“did convince a few of Copernicus’ successors that sun-centered astron-
omy held the key to the problem.”* The reason for this conviction was aes-
thetic, according to Kuhn: “Copernicus’ arguments . . . appeal, if at all, not
to the utilitarian sense of the practicing astronomer but to his aesthetic
sense and to that alone.” It was these few, convinced by the “neatness and
coherence” of De Revolutionibus, who completed the Copernican revolu-
tion. Importantly for Kuhn, that revolution did not occur overnight but
by degrees. Kuhn defended this position, claiming the “extent of the
innovation that any individual can produce is necessarily limited, 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.”*

Initially, according to Kuhn, there were only a few supporters of Coper-
nicus’ cosmology, including George Joachim Rheticus, Thomas Digges,
and Michael Maestlin. Although the majority of astronomers accepted the
mathematical harmonies of De Revolutionibus, after its publication in 1543,
they rejected or ignored its cosmology. Tycho Brache, for example,
although relying on Copernican harmonies to explain astronomical
data, proposed a system in which the earth was still the universe’s center.
Essentially it was a compromise between ancient cosmology and Coperni-
can mathematical astronomy. However, Brache recorded accurate and
precise astronomical observations, which helped to compel others toward
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Copernicanism. Johannes Kepler was one of the first formidable defend-
ers of Copernicanism, who, Kuhn claimed, was “converted” as Maestlin’s
student and Kepler’s “faith in it never wavered.”” Although Kepler
espoused Copernicanism he was not uncritical of it and extended its
mathematical precision to solve the planetary problem. The final player
Kuhn considered in the revolution was Galileo, whose “astronomical work
contributed primarily to a mopping-up operation, conducted after the
victory was in sight.”*® Moreover, Galileo’s telescopic observations afforded
not “proof” of but “propaganda” for Copernicanism."’

During the seventeenth century, according to Kuhn, Copernicanism
gained acceptance with astronomers but there were a few who attempted
to replicate the accuracy of Kepler’s astronomical calculations but without
his radical cosmology. However, at century’s end consensus was achieved
among astronomers. But Copernicanism still faced serious resistance from
Christianity owing to, explained Kuhn, “a subconscious reluctance to
assent in the destruction of a cosmology that for centuries had been the
basis of everyday practical and spiritual life.”* Religious resistance contin-
ued long after the seventeenth century; but, as Kuhn notes, “old concep-
tual schemes do fade away.”* The Copernican revolution was completed
with the Newtonian universe.

The Newtonian universe not only had an impact on astronomy but also
on the other sciences and even non-sciences. For instance, Newton’s
universe changed the nature of God to that of a “clockmaker, the Being
who had shaped the atomic parts, established the laws of their motion, set
them at work, and then left them to run themselves.””® For Kuhn, New-
tonianism’s impact on disciplines other than astronomy was an example of
its “fruitfulness.” Scientific progress, concluded Kuhn, is not the linear
process, as defended by traditional philosophers of science, in which facts
are stockpiled in a scientific warehouse. Rather, it is the repeated destruc-
tion and replacement of scientific theories. Finally, just as the Ptolemaic
universe was replaced by a Copernican one so the Newtonian universe is
currently being replaced by an Einsteinian one.

Reviews

Philip Weiner criticized Kuhn’s notion of scientific progress, which he con-
sidered to be an important logical problem in the philosophy of science.
Weiner argued that current scientific theories do not “destroy” previous
theories, “if ‘destroy’ means eliminating them completely along with their
confirmatory evidence,” but rather they “correct” them by situating them
in a larger explanatory context.”! Moreover for Weiner, a logical continu-
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ity exists between the data of the previous theory and the more precise
data and enlarged framework of the current theory; hence, a current
theoretical “explanation is part of the cumulative growth of scientific
explanations.” Although Weiner holds to a traditional notion of cumula-
tive scientific progress, he appreciated Kuhn’s historical turn for the
philosophy of science.

If the philosopher of science is more than a logical analyst by also con-
sidering the cultural implications of fundamental changes in scientific
world-views, and the present reviewer agrees with the author about
this broader scope of the history of scientific thought, then his
remarks about the affiliations of Copernicus’ astronomical views to
neoplatonic, Aristotelian, and Newtonian patterns are both pertinent
and suggestive.”

For historians of science, Kuhn’s The Copernican Revolution was exem-
plary of contemporary historical scholarship that takes into consideration
the cultural context of science. “No other book,” stated Herbert Butter-
field, “so enables us to see the intellectual hurdles that existed and to
954 Harry
Woolf concurred with Butterfield’s assessment and claimed that Kuhn’s

relive something of the process of actual scientific discovery.

book was “a paradigm of synthesis and interpretation.” Others congratu-
lated Kuhn for the sensitive narration of the Copernican revolution, espe-
cially the documentation of its gradual unfolding, “the result of hundreds
of years of conjecture, observation, calculation, intuition, supposition, and
Although a number of historians found
factual errors within the narrative and questioned Kuhn’s historical and

256

to a certain extent emotion.

philosophical acumen, one reviewer wrote that “we can certainly expect
great things from him in the future.””

The reception of The Copernican Revolution indicates Kuhn’s acceptance
into the philosophical and historical communities. His reconstruction of
the revolution was considered for the most part scientifically accurate and
methodologically appropriate. The integration of the science and the
social was considered an advance over other histories that ignored these
dimensions of the historical narrative. Although philosophers appreciated
the historical dimension of Kuhn’s study, they found its analysis insuffi-
ciently precise according to their standards. Overall, both the historical
and philosophical communities expressed no major objections to the
theory of science that animated Kuhn'’s narrative.
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Significance of The Copernican Revolution

Kuhn'’s reconstruction of the Copernican revolution portrayed a radically
different image of science than that by traditional philosophers of science.
The justification of scientific knowledge was not simply a logical or an
objective affair but included non-logical or subjective factors. “The
triumph of Copernicanism was a gradual process,” according to Kuhn,
“and its rate varied greatly with social status, professional affiliation, and
religious belief.”™® Moreover, he claimed that “the early Copernicans did
not fully see where their work was leading.”™ In other words, scientific
progress is not a clearsighted linear process aimed directly at the truth.
Rather, there are contingencies that can divert and forestall the march of
science. Moreover, Copernicus’ revolution changed the way the world is
viewed not only by astronomers but also by non-astronomers as well. This
world change, as later denoted by Kuhn, was the result of new sets of
challenges, new techniques, and new hermeneutics for interpreting data.

Besides differing from traditional philosophers of science, Kuhn’s view
of science put him at odds with Whig historians of science. These histori-
ans underrated ancient cosmologies by degrading them to traditional
myth or religious belief. Such a move was often a rhetorical ploy on the
part of the victors to enhance the status of the current scientific theory.
But for Kuhn, the

older astronomical theories differed radically from the ones we now
hold, but most of them received in their day the same resolute credence
that we now give our own. Furthermore, they were believed for the same
reasons: they provided plausible answers to questions that seemed
important.”

Only by showing how Aristotelian-Ptolemaic geocentric astronomy was
authentic science, could Kuhn argue for the radical transformation (a rev-
olution) that Copernican heliocentric astronomy invoked or initiated.
Finally, as Heilbron recognized later, nascent in Kuhn’s account of the
Copernican revolution was the framework later articulated in Structure: the
successful Aristotelian-Ptolemaic conceptual scheme (paradigm) that
guided research for over a millennium but failed to account for certain
irregularities concerning planetary movement (anomalies) was replaced
—after an intense struggle (crisis)—by a new conceptual scheme that
differed radically (incommensurably) from the previous one (paradigm
shift or revolution).”’ Kuhn also asserted that Copernicus’ theory was not
accepted simply for its predictive ability, since it was not as accurate as the
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original conceptual scheme, but because of non-empirical factors, such as
the simplicity of the Copernican system in which certain ad hoc modifica-
tions for accounting for the orbits of various planets were eliminated.

The emergence of Structure

Although The Copernican Revolution represented a significant advance in
Kuhn'’s articulation of a revolutionary theory of science, there were several
issues that had to be sorted out before he was ready to publish it. What was
missing from Kuhn’s reconstruction of the Copernican revolution was an
understanding of how scientists function on a daily basis, when no
impending revolution is looming. That understanding emerged gradually
in three papers written from the mid-late 1950s to the early 1960s.

“The function of measurement in modern physical science”

Kuhn began the paper by quoting Lord Kelvin’s dictum: “If you cannot
measure, your knowledge is meager and unsatisfactory.” He acknowledged
that “physical science is so often seen as the paradigm of sound know-
ledge.”” However, he believed that there is a problem with this view since
the function and origin of the efficacy of measurement in physical science
is mythic in origin. To approach this problem, Kuhn addressed from an
historical perspective questions concerning the “actual function” and the
“special efficacy” of measurement in physical science.

Part of the reason for Kuhn’s concern over the function and efficacy of
measurement in physical science was the textbook tradition, which he
believed perpetuates a myth about measurement that is misleading. Kuhn
compared the textbook presentation of measurement to a machine in
which laws and theories along with “initial conditions” are fed into the
machine’s hopper at the top, a handle on the side is turned representing
logical and mathematical operations, and exiting the machine’s chute in
the front are numerical predictions. These predictions are then compared
to experimental measurements. The function of these measurements
serves as a test of the theory, which is the confirmation function of meas-
urement. Another function of measurement as presented in the textbook
is exploration, in terms of generalizing laws and theories from measure-
ments. This function, stated Kuhn, is like running the above machine
in reverse, except the logical and mathematical operations are aided by
intuition.

Kuhn claimed that the above functions are not why measurements are
reported in textbooks; rather, measurements are there to give the reader
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an idea of what the professional community believes is a reasonable agree-
ment between theoretical predictions and experimental observations.
Reasonable agreement depends upon the approximate, not exact, agree-
ment between theory and data and changes from one science to the next.
Moreover, there is no external criterion for determining reasonableness,
only “the mere fact that [measurements] appear, together with theory
from which they are derived, in a professionally accepted text.”® Kuhn
cautioned people, especially those dependent on traditional philosophy of
science, that “though texts may be the right place for philosophers to
discover the logical structure of finished scientific theories, they are most
likely to mislead than to help the unwary individual who asks about pro-
ductive methods.”

For Kuhn, the actual function of normal measurement in physical
science is found in journal articles, “which displays not finished and
accepted theories, but theories in the process of development.”65 That
function is neither detection of novel theories nor the confirmation of
older ones. Discovery and exploratory measurements in physical science
instead are rare. The reason is that changes in theories, which require
discovery or confirmation, occur during revolutions, which are also quite
rare. Once a revolution occurs, moreover, the new theory exhibits only a
potential for ordering natural phenomena. To actualize that ordering is
the function of measurement during what Kuhn called “the normal
practice of science . . . [which consists of] a complex and consuming
mopping-up operation that consolidates the ground made available by the
most recent theoretical breakthrough and that provides essential prepara-
tion for the breakthrough to follow.” The function of normal measure-
ment is to tighten the reasonable agreement between predictions of the
new theory and experimental observations of the world.

The textbook tradition is also misleading in terms of normal measure-
ment’s effects. The tradition claimed that theories must conform to quan-
titative facts. “But in scientific practice, as seen through the journal
literature,” wrote Kuhn, “the scientist often seems rather to be struggling
with the [quantitative] facts, trying to force them into conformity with a
theory he does not doubt.” Such facts are not the “given” but the
“expected” and the scientist’s task is to obtain them. It is this obligation to
obtain the expected quantitative fact that is often the stimulus for devel-
oping novel technology. Moreover, this obligation often bars the route
from measurement to theory. “Numbers gathered without some know-
ledge of the regularity to be expected,” asserted Kuhn, “almost never
speak for themselves.”™ Rather, a well-developed theoretical system is
required for meaningful measurement in physical science.
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Besides the function of normal measurement in physical science,
Kuhn also examined the function of extraordinary measurement. It is this
latter type of measurement that exhibits the discovery and confirmatory
functions. When normal scientific practice that results consistently in
unexpected data or anomalies leads to an abnormal situation or crisis,
extraordinary measurement occasionally aids discovery to resolve the
situation. “To the extent that measurement and quantitative technique
play an especially significant role in scientific discovery,” contended Kuhn,
“they do so precisely because, by displaying serious anomaly, they tell
scientists when and where to look for new quantitative phenomena.””

Besides discovery, crises also lead to the invention of new theories.
Again, extraordinary measurement plays a critical role in this process.
Theory innovation in response to quantitative anomalies leads to decisive
measures for judging a novel theory’s adequacy, whereas qualitative anom-
alies generally lead to ad hoc modifications of theories.

In scientific practice the real confirmation questions always involve the
comparison of two theories with each other and with the world, not the
comparison of a single theory with the world. In these three-way com-
parisons, [extraordinary] measurement has a particular advantage.”

In other words, extraordinary measurement allows scientists to choose
among competing theories.

In this paper, Kuhn moved closer toward a notion of normal science
through an analysis of normal measurement, in contrast to extraordinary
measurement, in physical science. Kuhn’s conception of science contin-
ued to distance him from traditional philosophers of science. But the
notion of normal measurement was not as robust as required. Importantly,
Kuhn was changing the agenda for philosophy of science from the justifi-
cation of scientific theories as finished products in textbooks to the
dynamic process by which theories are tested and assimilated into the pro-
fessional literature. A robust notion of normal science was the revolution-
ary concept he needed to overturn the traditional view of science as a static

body of knowledge.

“The essential tension”

With the introduction of normal and extraordinary measurements, the
step toward the notions of normal and extraordinary sciences in Kuhn’s
revolutionary view of science was immanent. Kuhn worked out those
notions in this paper. He began by addressing the notion that creative
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thinking in science assumes a particular view of science, a view in which
science advances through unbridled imagination and divergent thinking.
Kuhn acknowledged that such thinking is responsible for some scientific
progress, but he proposed that convergent thinking is also an important
means of such progress.

Since these two modes of thought are inevitably in conflict, it will follow
that the ability to support a tension that can occasionally become almost
unbearable is one of the prime requisites for the very best sort of scien-
tific research.”

While revolutions, which depend on divergent thinking, are an obvious
means for scientific progress, Kuhn insisted that few scientists consciously
design revolutionary experiments. Rather, almost all scientist engage in
“normal research,” which is “a highly convergent activity based firmly
upon a settled consensus acquired from scientific education and rein-
forced by subsequent life in the profession.”” But the occasional scientist
may eventually break with the tradition of normal research and replace it
with a new tradition. Science, as a profession, is both traditional and icon-
oclastic and is at times practiced in a space created by this tension.

Next Kuhn introduced the term paradigm, while discussing the peda-
gogical advantages of convergent thinking, especially as exhibited in
science textbooks. Whereas textbooks in other disciplines include the
methodological and conceptual conflicts prevalent within the discipline,
science textbooks

exhibit concrete problem-solutions that the profession has come to
accept as paradigms, and they then ask the students, either with a pencil
and paper or in the laboratory, to solve for himself problems very closely
related both in method and substance to those through which the text
or the accompanying lecture has led him.”

Science education is then the transmission of a tradition that guides the
activities of practitioners, which was very different from the progressive
education of Kuhn’s youth. In science education students are taught not
to evaluate the tradition, whereas in progressive education students are
encouraged to engage and evaluate it. Kuhn’s early education certainly
positioned him to see the stark difference between these two pedagogical
methods.

Progress within normal research projects represents attempts to bring
theory and observation into closer agreement and to extend a theory’s
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scope to new phenomena. “Under normal conditions the research scien-
tist is not an innovator but a solver of puzzles,” observed Kuhn, “and the
puzzles upon which he concentrates are just those which he believes can
be both stated and solved within the existing scientific tradition.”™ Given
the convergent and tradition-bound nature of science education and of
scientific practice, how can normal research be a means for the generation
of revolutionary knowledge and technology? According to Kuhn, a mature
science provides the background that allows practitioners to identify non-
trivial problems or anomalies with a paradigm: “In the mature sciences the
prelude to much discovery and to all novel theory is not ignorance, but
the recognition that something has gone wrong with existing knowledge
and beliefs.”” In other words, without mature science there can be no
revolution.

In conclusion, Kuhn came full circle to the “essential tension” in scien-
tific research: “the productive scientist must be a traditionalist who enjoys
playing intricate games by preestablished rules in order to be a successful
innovator who discovers new rules and new pieces with which to play
them.””® The challenge is “to understand how these two superficially
discordant modes of problem solving can be reconciled both within the
individual and within the group.”” But Kuhn cautioned his audience that
by focusing on the conditions for divergent thinking the conditions for
convergent thinking may be ignored to our peril in terms of scientific
progress via normal research.

The 1961 “The structure of scientific change” symposium

Kuhn’s “The function of dogma in scientific research”

Kuhn appealed to the audience’s common view of science as an objective
and open-minded enterprise. Although this is the ideal, the reality is that
often scientists already know what to expect from their investigations into
nature. If the expected is not forthcoming, then scientists must struggle to
find conformity between what is expected and what is observed. “Strongly
held convictions that are prior to research,” claimed Kuhn, “often seem to
be a precondition for success in the sciences.”” These convictions repre-
sent the “dogmatism of a mature science,” as encoded in textbooks. This
dogmatism, which is so critical for the normal practice and advance of
science, defines the problems for the profession and the criteria for their
solution. Although a community’s commitment to a dogma is essential for
participation in the community, the dogma also serves as “an immensely
sensitive detector of the trouble spots from which significant innovations
of fact and theory are almost inevitably educed.””
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Kuhn next introduced an expanded notion of paradigm, which is asso-
ciated with scientific practice in general rather than simply with a model
for research, as in “The essential tension.” Paradigm is enlarged to include
not only a community’s previous scientific achievements but also its theo-
retical concepts, the experimental techniques and protocols, and even the
natural entities. In short, it is the community’s body of beliefs or founda-
tions. Paradigms are also open-ended in terms of problems to be solved.
Moreover, they are exclusive in their nature, in that there is only one
paradigm per mature science. Finally, they are not permanent fixtures of
the scientific landscape, eventually paradigms are replaced by others.
Importantly, for Kuhn, when a paradigm is replaced by another, the two
paradigms are radically different.

Having done paradigmatic spade work, Kuhn then discussed the notion
of normal scientific research. Kuhn’s main thesis was “that scientists, given
a paradigm, strive with all their might and skill to bring it into closer and
closer agreement with nature.” The process of matching paradigm and
nature also includes extending and applying the paradigm to new parts of
nature. This does not necessarily mean discovering the unknown as it does
the known. In other words, a scientist engaged in normal, paradigmatic
research is a puzzle solver much like a chess player.

The paradigm he has acquired through prior training provides him with
the rules of the game, describes the pieces with which it must be played,
and indicates the nature of the required outcome. His task is to manip-
ulate those pieces within the rules in such a way that the required
outcome is produced.”'

Thus, it is no surprise that scientists are committed to their paradigms and
normally resist changing them. Paradigms provide the maps needed to
investigate nature; without them there would be little scientific progress.
But paradigms are imperfect maps and eventually fail to guide their users
over the natural terrain. Breakdowns in paradigms, or anomalies,
are inevitable and lead to unanticipated discoveries. “After a first paradigm
has been achieved,” claimed Kuhn, “a breakdown in the rules of the pre-
established game is the usual prelude to significant scientific innovation.”
But first breakdown leads to a crisis, in which the research community
realizes that the accumulated anomalies indicate a serious problem with the
paradigm. Scientists then begin to question their discipline’s foundation
and to experiment outside the paradigm’s aegis. “Only under circumstances
like these, I suggest,” wrote Kuhn, “is a fundamental innovation in scientific
theory both invented and accepted.”™ He concluded with a clearer
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articulation of tension between dogma and innovation, than previously:
“Scientists are trained to operate as puzzle-solvers from established rules, but
they are also taught to regard themselves as explorers and inventors who
know no rules except those dictated by nature itself.”®*

Discussion

Although Rupert Hall was sympathetic to Kuhn’s notion of paradigm, he
proposed that “intellectual framework” captures better what Kuhn is
striving for. Moreover, Hall suggested that scientists’ resistance to innova-
tion is more than the result of their conservatism, it also involves false
elements carrying over from the old to new paradigm that cannot be
addressed because of limited information available to resolve them. He
then discussed the paradox between dogma and innovation that Kuhn’s
view of science engenders. After rehearsing Kuhn’s two solutions for the
paradox, progress within an existing paradigm or paradigm replacement,
Hall claimed Kuhn admitted that paradigms are rarely complete and that
scientists are seldom committed completely to them. For Hall this was a
significant concession.

Once we admit that the paradigm or intellectual framework is somewhat
less than monolithic, and allow that in most periods it has been a
somewhat crazy, rambling structure, then we may begin to wonder
whether reluctance to change it, beyond narrow limits, is not as much
due to lack of human capacity as to weight, or inertia, of scientific
dogma.”

For Hall, Kuhn’s notion of dogma in science is inconsequential for signifi-
cant scientific progress and Kuhn’s defense of it is simply “an apology for
weakness.” Kuhn agreed with Hall that scientists resist innovation because
of insufficient information. But according to the traditional view of science,
under such conditions scientists should not make any conclusions—even to
resist innovation. Commitment to a paradigm is not “an apology for
weakness” but part of the scientist’s “tool kit” for practicing science.
Stephen Toulmin took issue with Kuhn’s apparent paradox between
dogma and innovation. He argued that Kuhn’s notion of dogma is unnec-
essary for scientific practice. Toulmin noticed that there is an inherent
ambiguity in Kuhn’s use of preconceived ideas and proposed a distinction
to clarify their use. “One may have preconceived ideas,” wrote Toulmin,
“in the sense of holding prejudged (prejudiced) beliefs; or alternatively in
the sense of employing preformed concepts.” Only in the former sense is
science dogmatic in terms of being subjective and close-minded. But in the
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latter sense, science is both objective and open-minded and is dogmatic.
He also took issue with the scope of Kuhn’s use of paradigm. Although he
had no concern with a narrow use of the term, e.g. basic concepts,
Toulmin found the expanded scope may lead to prejudice, such as
unquestioned authority. Kuhn disagreed with Toulmin’s distinction
between “prejudged” and “preformed” concepts, since both facets of
concepts must necessarily be present concomitantly to guide future
research. As for the confusion over the narrow and broad senses of
paradigm, Kuhn argued that the narrow sense is insufficient to account for
theory assessment and that the broader conception is not the result of
prejudice but of genuine conflict over data interpretation.

In contrast to Kuhn, Bentley Glass believed that contemporary scientists
discuss the validity of their basic assumptions and that the rapid growth in
scientific knowledge would marginalize the role of paradigms in contem-
porary science. But what concerned Glass most were the implications of
Kuhn’s view of science for pedagogy.

I am appalled to think that, if Mr. Kuhn is right, we should go back to
teaching paradigms and dogmas, not as merely temporary expedients to
aid us more clearly to visualize the nature of our scientific problems, but

rather of the regular, approved method of scientific advance.”’

Kuhn, from personal experience, disagreed with Glass that scientists
discuss their basic assumptions. Moreover, Kuhn emphatically denied that
his analysis of scientific dogma is a prescription for teaching science. He
wholeheartedly supported contemporary educational reform.

Polanyi endorsed Kuhn'’s position with respect to a scientist’s commit-
ment to a paradigm, since he articulated previously a similar position. “A
commitment to a paradigm,” claimed Polanyi, “has thus a function hardly
distinguishable from that which I have ascribed to a heuristic vision, to a
scientific belief, or to a scientific conviction.”®® Moreover, he agreed with
Kuhn that scientists must use caution when confronting anomalous
evidence so as not to waste their time. What Polanyi found lacking in
Kuhn’s account, however, was how to demarcate between anomalous
evidence that requires attention and that which does not. “Is there any
rule,” inquired Polanyi, “for distinguishing between the two?”* Of course,
the answer is no. “We have some useful maxims to guide us,” wrote
Polanyi, “but the choice of the maxim to be applied and the discretion left
open in applying it still leaves responsibility for his own conclusion to the
individual worker engaged in research.” He claimed that such a position
“tears open and leaves open the main questions concerning the nature of
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scientific method and the foundations of scientific knowledge.”" Polanyi
concludes that he “can accept the excellent paper by Mr. Kuhn only as a
fragment of an intended revision of the theory of scientific knowledge.””
Kuhn responded to Polyani’s question concerning rules for distinguishing
between critical and non-critical anomalous data by noting that the
burden is not on the individual scientist but on the community. He also
agreed that the dogma paper is but a fragment of the solution to problems
associated with the traditional view of science. The complete solution was

soon to appear in Structure.
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PART 11

Structure and its bumpy path
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Chapter 3

What is The Structure of Scientific Revolutions?

Structure was not a single publishing event in 1962 but covered the years
from 1962 to 1970. After its original publication, Kuhn was occupied for
the rest of the sixties addressing criticisms directed to the ideas contained
in it, especially paradigm. During this time, he continued to develop and
refine his new image of science. The end point was a second edition of
Structure that appeared in 1970. The text of the revised edition, however,
remained essentially unaltered and only a “Postscript” was added in which
Kuhn addressed his critics.

A new historiography

As Aristotle’s opening sentence to Metaphysics captures its essence, so
Kuhn’s opening sentence to Structure captures its essence: “History, if
viewed as a repository for more than anecdote or chronology, could
produce a decisive transformation in the image of science by which we are
now possessed.” What Kuhn proposed to accomplish in Structure was a
new image or theory of science, especially in terms of science’s process
rather than its product. This image, claimed Kuhn, differs radically from
the traditional one of science. That difference hinged on a shift from a
logical analysis and an explanation of scientific knowledge as a finished
product to an historical or natural description and explanation of
the scientific practices and processes by which scientific knowledge is
produced by a community of practitioners. In short, it was a shift from the
subject (the product) to the verb (to produce).

According to the traditional view, science is a repository of accumulated
facts, discovered by individuals at specific periods in history. One of the
central tasks of the historian, given this traditional view of science, is to
answer questions about who discovered what, where, and when. Even
though the task seems straightforward, many historians found it difficult
and doubted whether these are the right kinds of questions to ask con-
cerning science’s historical record. “The result of all these difficulties and
doubts is a historiographic revolution in the study of science,” observed
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Kuhn, “though one that is still in its early stages.” This revolution changed
the sorts of questions historians ask by revising the underlying assumptions
concerning the approach to reading the historical record. Rather than
reading history backwards and imposing current ideas and values on the
past, the texts and documents are read within their historical period,
thereby maintaining their integrity.

The historiographic revolution in the study of science’s record had
implications for how science is viewed and understood philosophically.
The goal of Structure, declared Kuhn, was to cash out those implications.
Kuhn reassured the reader’s concerns that this project was not doomed to
failure. Rather he contended that the application of principles, such as the
distinction between the context of discovery and the context of justifica-
tion from the traditional view of science to historical analysis

in which knowledge is gained, accepted, and assimilated have made
them seem extraordinarily problematic. Rather than being elementary
logical or methodological distinctions, which would thus be prior to the
analysis of scientific knowledge, they now seem integral parts of a tradi-
tional set of substantive answers to the very questions upon which they
have been deployed.’

Kuhn was confident that the new historiography avoided the vicious circle
foisted upon the traditional analysis of science and thereby produced a
more apt depiction of science.

The structure of Structure

The first edition of Structure contained 13 chapters. Structure’s overall
organization is as follows. In the Preface, Kuhn details the origins of the
book from an autobiographical perspective. The first chapter contains an
apologia for the role of history in reshaping the traditional view of science.
The remaining 12 chapters may be arranged into three sections: the tran-
sition from pre-paradigm science to normal science, which covers chapters
2 through 5; the transition from normal science to extraordinary science,
which covers chapters 6 through 8; and the transition from extraordinary
science to new normal science, which covers chapters 9 through 13. As
noted previously a “Postscript,” in which Kuhn responds to critics, was
added to the second edition.*

The structure of Structure may be illustrated schematically, as follows:
pre-paradigm science — normal science — extraordinary science — new
normal science. The step from pre-paradigm science to normal science
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involves the convergence of community consensus around a single
paradigm, where there was no prior consensus. This is the pattern for
immature science as it enters into the mature science pattern. The step
from normal science to extraordinary science includes the community’s
recognition that the reigning paradigm is unable to account for accumu-
lating anomalies. A crisis ensues within the community and from it
extraordinary science emerges, in which community members search for
a resolution to its paradigm problems. This is the step at which a scientific
revolution occurs. Once a community selects a new paradigm, the old one
is discarded and another period of new normal science follows. The revo-
lution or paradigm shift is now complete and the whole cycle from normal
science to new normal science through revolution is free to occur again.
According to Kuhn, “the successive transition from one paradigm to
another via revolution is the usual developmental pattern of mature
science.”® Finally, this schematic represents the dynamism involved in the
process of science, as Kuhn envisioned it.5

From pre-paradigm science to normal science

Paradigms

The notion of paradigm loomed large in Kuhn’s new image of science. He
defined paradigm not only in terms of the community’s concrete achieve-
ments but also in terms of its “accepted examples of actual scientific
practice—examples which include law, theory, application, and instru-
mentation.”” A paradigm is certainly not just a set of rules or an algorithm
by which science is practiced blindly. In fact, there is no easy way to
abstract a paradigm’s essence or to define its features exhaustively. Rather,
a paradigm is a concrete instance of a significant scientific accomplish-
ment, such as Newtonian mechanics, which the professional community
can easily recognize or identify but cannot fully interpret or explain. But
Kuhn maintained: “Lack of standard interpretation or of an agreed reduc-
tion to rules will not prevent a paradigm from guiding research.” A
paradigm defines the family resemblance, a la Wittgenstein, of problems
and procedures for solving problems that are part of a single research
tradition.

Although rules are at times needed for guiding research, they do not
precede paradigms. “Paradigms,” asserted Kuhn, “may be prior to, more
binding, and more complete than any set of rules for research that could
be unequivocally abstracted from them.” Importantly, Kuhn was not
claiming that rules are unnecessary for guiding research but rather that
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they are not always sufficient, either pedagogically or professionally. Kuhn
compared paradigms to Polanyi’s notion of “tacit knowledge,” in which
knowledge production depends on the investigator’s acquisition of skills
that cannot be reduced to methodological rules.

The nature of paradigms influences their transmission, especially peda-
gogically. Students are not taught paradigms in the abstract but always in
application to solved problems.

As the student proceeds from his freshman course to and through his
doctoral dissertation, the problems assigned to him become more
complex and less completely precedented. But they continue to be
closely modeled on previous achievements as are the problems that
normally occupy him during his subsequent independent scientific
career."’

A paradigm is akin to an accepted pattern or model of activity, “particu-
larly of grammatical models of the right way to do things.”"' But, whereas
the grammatical paradigm involves replication of a pattern, such as verb
conjugation or noun declension, the scientific paradigm “is rarely an
object of replication. Instead,” continued Kuhn, “like an accepted judicial
decision in the common law, it is an object for further articulation and
specification under new and more stringent conditions.”"*

A paradigm allows scientists to ignore concerns over the discipline’s
fundamentals and to concentrate on solving the problems at hand. Impor-
tantly, paradigms not only guide scientists in terms of identifying problems
that are soluble but they also prevent scientists from tackling problems
that are insoluble. Kuhn compared paradigms to maps that guide and
direct the community’s investigations. But more importantly “paradigms
provide scientists not only with a map but also with some of the directions
essential for map-making.”"” Only when a paradigm guides the commu-
nity’s activities is scientific advancement and progress possible.

Pre-paradigm science

“History suggests,” claimed Kuhn, “that the road to a firm research con-
sensus is extremely arduous.”"* That road begins for a scientific discipline,
with the identification of a natural phenomenon that is then investigated
experimentally and explained theoretically. But each member of that
nascent discipline is at cross purposes with each other; for each member
often represents a school working from different foundations. Scientists,
operating under these conditions, share no theoretical concepts, experi-
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mental techniques, or phenomenal entities. Rather, each school is in com-
petition for monetary and social resources and for the allegiance of the
professional guild. An outcome of this lack of consensus is that all facts
seem equally relevant to the problem at hand and fact gathering itself is
often a random activity. There is then a proliferation of facts and hence
little progress in solving problems under these conditions, because of the
competition among the various schools. The overall result of this situation,
insisted Kuhn, appears to be “something less than science.”"”

Kuhn called this state of affairs pre-paradigm (or immature) science. In
other words, there is no single paradigm that defines the discipline and
dictates its practices. Pre-paradigm science is non-directed and flexible,
offering a community of practitioners little guidance. Kuhn illustrated this
pre-paradigm pattern with physical optics prior to Newton.

Being able to take no common body of belief for granted, each writer on
physical optics felt forced to build his field anew from its foundations. In
doing so, his choice of supporting observation and experiment was rela-
tively free, for there was no standard set of methods or of phenomena
that every optical writer felt forced to employ and explain. Under these
circumstances, the dialogue of the resulting books was often directed as
much to the members of other schools as it was to nature.'®

The benefits of a single paradigm are critical for scientific practice and
the advance of science. “When the individual scientist,” asserted Kuhn,
“can take a paradigm for granted, he need no longer, in his major works,
attempt to build his field anew, starting from first principles and justifying
the use of each (:oncept.”17 The transition from pre-paradigm science to
normal science is a one time deal, after which mature science cycles from
normal science to a new normal science through revolution or paradigm
shift. Lastly, the acquisition of a paradigm is Kuhn’s demarcation princi-
ple: “it is hard to find another criterion that so clearly proclaims a field a

science.”'

Normal science

To achieve the status of a science, a discipline must reach consensus with
respect to a single paradigm. That transition is realized when, during the
competition involved in pre-paradigm science, one school makes a
stunning achievement that catches the professional community’s atten-
tion. The achievement must exhibit two characteristics to affect the tran-
sition. First, the “achievement was sufficiently unprecedented to attract an
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enduring group of adherents away from competing modes of scientific
activity.”" Second, “it was sufficiently open-ended to leave all sorts of
problems for the redefined group of practitioners to solve.” “To be
accepted as a paradigm,” claimed Kuhn, “a theory must seem better than
its competitors, but it need not, and in fact never does, explain all the facts
with which it can be confronted.”™" By the term better he meant that the
candidate for paradigm status does a far more effective and efficient job in
determining the problems worth solving. The candidate paradigm, then,
elicits the community’s confidence that the problems are solvable with
precision and in detail. “Paradigms gain their status,” explained Kuhn,
“because they are more successful than their competitors in solving a few
problems that the group of practitioners has come to recognize as
acute.”” The community’s confidence in a paradigm is based on the “con-
version” of its members, who are now committed to the paradigm.”
Once consensus is achieved, Kuhn claimed that scientists are now in the
position to commence with the practice of normal science, which is
“research firmly based upon one or more past scientific achievements,
achievements that some particular scientific community acknowledges for
a time as supplying the foundation for its further practice.”® The prereq-
uisites of normal science include a commitment to a shared paradigm that
defines the rules and standards by which science is practiced. Whereas
pre-paradigm science is non-directed and flexible, normal or paradigm
science is highly directed and rigid. Because of that directedness and
rigidity, normal scientists are able to make the strides they do, because

those restrictions born from confidence in the paradigm, turn out to be
essential to the development of science. By focusing attention upon a
small range of relatively esoteric problems, the paradigm forces scien-
tists to investigate some part of nature in a detail and depth that would
otherwise be unimaginable.”

The activity of practitioners engaged in normal science is paradigm
articulation or extension to new areas. When a new paradigm is estab-
lished, it solves only a few critical problems that faced the community. But
it does offer the promise for solving many more problems.

Normal science is the actualization of that promise, an actualization
achieved by extending the knowledge of those facts that the paradigm
displays as particularly revealing, by increasing the extent of the match
between those facts and the paradigms predictions, and by further
articulation of the paradigm itself.”
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Much of normal science involves “mopping-up” activities, in which nature
is forced into a conceptually rigid framework—the paradigm. Rather than
being dull and routine, however, such activity according to Kuhn is
exciting and rewarding and requires practitioners who are creative and
resourceful.

Normal scientists are not out to make new discoveries or to invent new
theories, outside the paradigm’s aegis. Rather, they are involved in using
the paradigm to understand nature more precisely and in greater detail.
From the experimental end of this task, normal scientists go to great pains
to increase the precision and reliability of their measurements and facts.
They are also involved in closing the gap between observations and theor-
etical predictions and attempt to resolve ambiguities left over from the
paradigm’s initial adoption. They also strive to extend the scope of the
paradigm by including phenomena not heretofore investigated. Much of
this activity requires exploratory investigation, in which novel discoveries
can be made but not unanticipated vis-a-vis the paradigm. To solve these
experimental problems often requires considerable technological ingenu-
ity and innovation on the part of normal scientists.

Besides the experimental problems, there are also the theoretical
problems of normal science, which obviously mirror the types of experi-
mental problems. Normal scientists conduct theoretical analyses to
enhance the match between theoretical predictions and experimental
observations, especially in terms of increasing the paradigm’s precision
and scope. “The need for work of this sort,” observed Kuhn, “arises from
the immense difficulties often encountered in developing points of
contact between theory and nature.”’ Again, just as experimental ingenu-
ity is required, so theoretical ingenuity is needed to address these
problems successfully. Importantly, Kuhn rejected the distinction between
the rational and the empirical since “the problems of paradigm articula-
tion are simultaneously theoretical and experimenta

Kuhn addressed an important motivational question concerning the
normal scientist: “if the aim of normal science is not major substantive
novelties—if failure to come near the anticipated result is usually failure as

l 2928

a scientist—then why are these problems undertaken at all?”* Although
paradigm articulation—enhancing a paradigm’s precision and scope—is
an important part of the answer, it cannot account for the scientist’s enthu-
siasm for the seemingly routine tasks of mopping up after a revolution.
That enthusiasm, claimed Kuhn, is a result not of the anticipated result
but of the path by which it is attained. The real excitement in normal
science is the way in which a paradigm is articulated.
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Bringing a normal science problem to a conclusion is achieving the
anticipated in a new way, and it requires the solution of all sorts of
complex instrumental, conceptual, and mathematical puzzles. The man
who succeeds proves himself to be an expert puzzle-solver, and the chal-
lenge of the puzzle is an important part of what usually drives him on.”

Normal science then is puzzle-solving activity, and its practitioners are
puzzle solvers and not paradigm testers. By puzzle, Kuhn meant the
“special category of problems that serve to test ingenuity or skill in
solution.” The paradigm’s power over the community of practitioners is
that it can transform seemingly insoluble problems into puzzles that can
then be solved by the practitioner’s ingenuity and skill. Besides the assured
solution, Kuhn’s notion of puzzle also involved the “rules that limit both
the nature of the acceptable solution and the steps by which they are to be
obtained.” Kuhn used rule in a broad sense of the term to indicate
“established viewpoint” or “preconception.” Rules are often laws or
theories, but they can also originate from instrumental preferences.
Besides these rules of the game, as it were, others may be obtained from
metaphysical commitments, which inform the community as to the types
of natural entities, and methodological commitments, which inform the
community as to kinds of laws and explanations. Although rules are often
necessary for normal scientific research, they are not always necessary.
Normal science can proceed in the absence of such rules.

From normal science to extraordinary science

Anomaly

Although scientists engaged in normal science do not intentionally
attempt to make unexpected discoveries, such discoveries do occur. Their
paradigms are imperfect and rifts in the match between paradigm and
nature are inevitable: “to be admirably successful is never, for a scientific
theory, to be completely successful.”® For Kuhn, discoveries not only
occur in terms of new facts but there are also inventions in terms of novel
theories. Both discovery of new facts and invention of novel theories begin
with anomalies, “with the recognition that nature has somehow violated
the paradigm-induced expectations that govern normal science.”* Anom-
alies, then, are violations of paradigm expectations during the practice of
normal science and can lead to unexpected discoveries. It must be noted
that the detection of anomalies can only occur due to the background
provided by a paradigm.
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For Kuhn, unexpected discovery is a complex process that includes the
intertwining of both new facts and novel theories. Facts and theories go
hand-in-hand, for such a discovery cannot be made by simple inspection:
“discovering a new sort of phenomenon is necessarily a complex event,
one which involves recognition both that something is and what it is.
Because a discovery depends upon the intertwining of observation and
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theory, the discovery process then takes time for the novel to be concep-
tually integrated with what is known. Moreover, that process is complicated
by the fact that novelties are often resisted because of prior expectations.
Because of allegiance to a paradigm, scientists are loath to abandon it
simply because of an anomaly or even several anomalies. In other words,
anomalies are not considered counter-instances and they certainly do not
falsify a paradigm.

Crisis

Just as anomalies are critical for the discovery of new facts and phenom-
ena, so they are essential for the invention of novel theories. Although
facts and theories are intertwined, the emergence of novel theories is the
result of a crisis, “a period of pronounced professional insecurity.”* The
insecurity is the result of the paradigm’s breakdown or inability to provide
a solution to a puzzle or solutions to several puzzles. The community then
begins to harbor questions about the ability of the paradigm to guide
research, which has a profound impact upon the community. The chief
characteristic of a crisis is the proliferation of theories. As members of a
community in crisis attempt to resolve the anomalies, they offer more and
varied theories to solve the problems. Interestingly, the problems that are
responsible for the anomalous data are not necessarily new problems that
arose after consensus but may have been present all along. This helps to
explain why the anomalies lead to a period of crisis in the first place. The
paradigm promised resolution of the problems but was unable to fulfill its
promise. The overall effect is a return to a situation very similar to pre-
paradigm science.

The proliferation of theories during crisis has an important philosophi-
cal implication for the underdetermination thesis. According to this
thesis, there are always many potential theories that can be proposed to
account for a set of data. In other words, the data cannot be used to deter-
mine which theory to choose. Kuhn agreed, in part, with this thesis but he
limited it to periods of crisis and pre-paradigm science. Underdetermina-
tion is not a problem for those scientists engaged in normal scientific
practice, because the community has reached consensus concerning its
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theoretical conceptions. It is this consensus that allows the community to
make outstanding advances. To do otherwise, according to Kuhn, would
be counterproductive and inefficient. “As in manufacture,” observed
Kuhn, “so in science—retooling is an extravagance to be reserved for the
occasion that demands it.”®” Later, he admitted that he found the weak
form of underdetermination thesis defensible but not the strong form,
which states that “even with all possible evidence, the theories would still be
underdetermined.”

Closure of a crisis occurs in one of three possible ways, according to
Kuhn. First, on occasion the paradigm is sufficiently robust to resolve the
anomaly and to restore normal science practice. Second, the anomaly is
not resolved even by the most radical method. Under these circumstances,
the community tables the anomaly until future investigation and analysis.
Third, the crisis is resolved with the replacement of the old paradigm by a
new one but only after a period of extraordinary science.

Extraordinary science

Kuhn stressed that the initial response of a community in crisis is not to
abandon its paradigm. Rather, its members make every effort to salvage it
using ad hoc modifications until the anomalies can be resolved, either theo-
retically or experimentally. The reason for this strong allegiance to a
paradigm, claimed Kuhn, is that a community must first have an alternative
candidate to take the original paradigm’s place. For science, at least normal
science, is possible only with a paradigm and to reject a paradigm without a
substitute is to reject science itself, which reflects poorly on the community
and not on the paradigm. Moreover, paradigms are not simply rejected
because of a rift in the paradigm-nature fit. Kuhn insisted that he is not
saying that nature does not play a role in paradigm decision during a crisis,
but “that decision involves the comparison of both paradigms with nature and
with each other.”” His position was not relativistic outside the paradigm box.

Kuhn’s aim here was to reject a naive Popperian falsificationism. “No
process yet disclosed by the historical study of scientific development,”
asserted Kuhn, “resembles at all the methodological stereotype of falsifi-
cation by direct comparison with nature.”’ And Kuhn went on to claim
that philosophers who subscribe to this theory of science will behave like
scientists when confronted with anomalous facts.

By themselves [falsificationists] cannot and will not falsify that philo-
sophical theory, for its defenders will do what we have already seen
scientists doing when confronted by an anomaly. They will devise
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numerous and ad hoc modifications of their theory in order to eliminate
any apparent conflict.”!

His point here was not to downgrade science but to demonstrate the
accuracy of his analysis of professional communities, either scientific or
not, when confronted by falsifying evidence. In fact, Kuhn reversed the
tables and contended that counter-instances are essential for the practice
of vibrant normal science. If there are no counter-instances scientific
development comes to a halt for the discipline, which may become an
engineering tool. Counter-instances or anomalies are the puzzles of
normal science.

But if anomalies are the puzzles of normal science, how then can they
lead to a crisis? Also, why would a community explore anomalies when
they may portend disaster for the paradigm? Kuhn claimed that there is
probably no general answer to these questions, but there are reasons for
explaining the transition of a puzzle into a crisis-producing anomaly. First,
a recalcitrant puzzle may raise questions about the discipline’s founda-
tions. Second, an unsolved puzzle “without apparent fundamental impor-
tance may evoke a crisis if the applications that it inhibits have a particular
practical importance,” such as calendar design in the Copernican revolu-
tion.* Finally, the sheer length of time a community struggles with a
puzzle may suffice to transform it into an anomaly. “When, for these
reasons and others like them,” concluded Kuhn, “an anomaly comes to
seem more than just another puzzle of normal science, the transition to
crisis and to extraordinary science has begun.”*

The transition from normal science through crisis to extraordinary
science involves two key events. First, the paradigm’s boundaries become
blurred when faced with recalcitrant anomalies; and, second, its rules
are relaxed, leading to a proliferation of theories and ultimately to the
emergence of a new paradigm. Often the relaxing of the rules allows
the practitioners to see exactly where the problem is and how to go about
solving it. This state of affairs has a tremendous impact upon the commu-
nity’s practitioners, similar to that during pre-paradigm science. An
extraordinary scientist, according to Kuhn, is a person

searching at random, trying experiments just to see what will happen,
looking for an effect whose nature he cannot quite guess. Simultan-
eously, since no experiment can be conceived without some sort of
theory, the scientist in crisis will constantly try to generate speculative
theories that, if successful, may disclose the road to a new paradigm and,
if unsuccessful, can be surrendered with relative ease.*



68 STRUCTURE AND ITS BUMPY PATH

The reason for this erratic behavior is that scientists are trained under a
paradigm to be puzzle solvers not paradigm testers. In other words, scien-
tists are not trained to do extraordinary science and must learn as they go.
For Kuhn, this type of behavior is more open to psychological than logical
analysis. Moreover, during periods of extraordinary science practitioners
may even examine the philosophical foundations of their discipline. To
that end, they analyze their assumptions, in order to loosen the old
paradigm’s grip on the community and to suggest alternative approaches
to the generation of a new paradigm.

Although the process of extraordinary science is convoluted and
complex, a replacement paradigm may “emerge all at once, sometimes in
the middle of the night, in the mind of the man deeply immersed in
crisis.”® Often the source of that inspiration is rooted in the practice of
extraordinary science itself, in terms of the interconnections among
various anomalies. Finally, whereas normal science is a cumulative process,
adding one paradigm achievement to the next, extraordinary science is
not; rather, “it is a reconstruction of the field from new fundamentals, a
reconstruction that changes some of the field’s most elementary theoreti-
cal generalizations as well as many of its paradigm methods and applica-
"% Quoting Herbert Butterfield, Kuhn claimed that the scientist who
experiences a change in paradigms is like a person “picking up the other

tions.

end of the stick.”*” That other end of the stick represents a scientific
revolution.

From extraordinary science to new normal science

Scientific revolutions

The transition from extraordinary science to a new normal science is
through scientific revolution. According to Kuhn, scientific revolutions
are “non-cumulative developmental episodes in which an older paradigm
is replaced in whole or in part by an incompatible new one.”* They can
come in two sizes: major revolutions such as the shift from geocentric
universe to heliocentric universe or minor revolutions such as the discov-
ery of X-rays or oxygen. But whether big or small, all revolutions have
the same structure: generation of a crisis through irresolvable anomalies
and establishment of a new paradigm that resolves the crisis-producing
anomalies.

Metaphorically, scientific revolutions are comparable to political revolu-
tions. Just as a segment of a country’s populace believes that the ruling
government is unable to solve the pressing social and political problems,
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so a segment of a scientific community’s practitioners believes that the
ruling paradigm is unable to solve the crisis-producing anomalies. In both
cases action must be taken to resolve the problem(s). But because of the
extreme positions taken by the participants in a revolution, opposing
camps become galvanized in their positions and communication between
them breaks down. And just as political recourse fails, so does scientific
recourse. Kuhn described the situation accordingly:

Because they differ about the institutional matrix within which political
change is to be achieved and evaluated, because they acknowledge no
supra-institutional framework for the adjudication of revolutionary dif-
ference, the parties to a revolutionary conflict must finally resort to the
techniques of mass persuasion, often including force.*’

Whereas for political revolutions force may be physical, for scientific rev-
olutions it is circular in which supporters of a particular paradigm use that
paradigm to defend it.

The man who premises a paradigm when arguing in its defense can
nonetheless provide a clear exhibit of what scientific practice will be like
for those who adopt the new view of nature. That exhibit can be
immensely persuasive, often compellingly so. Yet, whatever its force, the
status of the circular argument is only that of persuasion. It cannot be
made logically or even probabilistic compelling for those who refuse to
step into the circle. The premises and values shared by the two parties to
a debate over paradigms are not sufficiently extensive for that.”’

The ultimate source for the establishment of a new paradigm during a
crisis period is community consensus, i.e. when enough community
members are persuaded by the techniques of the argument and not simply
by empirical evidence or logical analysis. Moreover, to accept the new
paradigm, a community practitioner must be convinced that there is no
chance for the old paradigm ever to solve the anomalies.

Why persuasion loomed large in Kuhn’s scientific revolutions was that
the new paradigm solves the anomalies the old paradigm could not. Thus,
the two paradigms are radically different from each other, often with little
overlap between them. Kuhn’s position was in counter-distinction to the
logical positivists and their followers, who “restrict the range and meaning
of an accepted theory so that it could not possibly conflict with any later
theory that made predictions about the some of the same natural
phenomena.”™ For Kuhn, the new theory can only be accepted if the
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community considers the old theory wrong. Kuhn defended his position
against criticism that an older theory is simply a special case of a newer
theory, under specific conditions. The problem with this criticism, stated
Kuhn, is that

to save theories in this way, their range of application must be restricted
to those phenomena and to that precision of observation with which the
experimental evidence in hand already deals . . . such limitation pro-
hibits the scientist from claiming to speak “scientifically” about any
phenomenon not already observed.”

In other words, logical positivist cut off any further scientific development
since anomalies would be methodologically prohibited. Moreover, the new
theory resolves the anomalies that the old theory cannot but which it gave
rise to.

The radical difference between the old and new paradigms, such that
the old cannot be derived from the new, is the basis for the incommensu-
rability thesis. The origin of the thesis, according to Kuhn, dates to his
high-school days. He was given a two-volume calculus book, which laid out
a proof for the irrationality of the square root of two. Kuhn took away from
this early experience a meaning of incommensurability that he used later
as a metaphor in terms of the fundamental incompatibility between two
competing paradigms. In essence, there is no common measure or
standard for the two paradigms. This is evident, claimed Kuhn, when
looking at the meaning of theoretical terms. Although the terms from an
older paradigm can be compared to those of a newer one, the older terms
must be transformed vis-a-vis the newer ones. But there is a serious
problem with restating the old paradigm in transformed terms. The
revised paradigm may have some utility, for example pedagogically, but it
could not be used to guide the community’s research. The older paradigm
is like a fossil; it reminds the community of its history but it can no longer
direct its future.

An interesting feature of scientific revolutions, according to Kuhn, is
their invisibility. What he meant by this is that in the process of writing
textbooks, popular scientific essays, and even the philosophy of science,
the path to the current paradigm is sanitized to make the current
paradigm appear as if it was in some sense born mature. Disguising
the paradigm’s history is a product of a view of scientific knowledge,
which sees it as complete and its accumulation as linear. This disguising
serves the winner of the crisis by establishing its authority, especially as a
pedagogical aid for indoctrinating students into the community of
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practitioners. But as Kuhn labored to demonstrate the growth of scientific
knowledge is not the result of piecemeal changes to theories over time to
fit the facts; rather, it is the result of the emergence of theories and facts
together “from a revolutionary reformulation of the preceding scientific
tradition, a tradition within which the knowledge-mediated relationship
between the scientist and nature was not quite the same.”™”

Another important effect of a revolution, which is related to a paradigm
shift, is a shift in the community’s view of science: “the reception of a new
paradigm often necessitates a redefinition of the corresponding
science.”™* The change in the image of science should be no surprise, since
the prevailing paradigm defines the nature of science. Change that
paradigm and science itself changes, or at least how it is practiced. In other
words, the shift in science’s image is a result of a change in the commu-
nity’s standards for what constitutes its problems and its problems’ solu-
tions. Finally, revolutions transform scientists from practitioners of normal
science, who are puzzle solvers, to practitioners of extraordinary science,
who are paradigm testers. Besides transforming science, revolutions also
transform the world that scientists investigate.

Changes of world view

One of the major impacts of a scientific revolution is a change to the world
in which scientists practice their trade:

paradigm changes do cause scientists to see the world of their research-
engagement differently. In so far as their only recourse to that world is
through what they see and do, we may want to say that after a revolution
scientists are responding to a different world.”

Kuhn’s “world changes” thesis, as it has become known, is certainly one of
his most radical and controversial ideas, besides the associated incom-
mensurability thesis. The issue here is how far ontologically does the
change go, or is it simply an epistemological ploy to reinforce the com-
prehensive effects of scientific revolutions. In other words, does the world
really change or simply the world view, i.e. one’s perspective of the world?
For Kuhn, the answer relied not on a logical or even a philosophical but
rather a psychological analysis of the change.

Kuhn analyzed the changes in world view by analogizing it to a gestalt
switch. “What were ducks in the scientist’s world before the revolution,”
noted Kuhn, “are rabbits afterwards.”® Although the gestalt analogy is
suggestive, it is limited to only perceptual changes and says little about
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function of previous experience in such transformations. Previous experi-
ence is important because it influences what a scientist sees when making
an observation. Moreover, with a gestalt switch the person can stand above
or outside of it acknowledging with certainty that now a duck is seen or
now a rabbit is seen. Such an independent perspective, which eventually is
an authoritarian stance, is not available to the community of practitioners;
there is no answer sheet, as it were. “The scientist,” claimed Kuhn, “can
have no recourse above and beyond what he sees with his eyes and instru-
ments.”” Because the community’s access to the world is limited to what is
observed, any change in what is observed has important consequences for
the nature of what is observed, i.e. the change has ontological significance.

Thus, for Kuhn, the change brought about by a revolution is more than
simply seeing or observing a different world; it also involves living in a dif-
ferent world. The perceptual transformation is more than a reinterpreta-
tion of the data. “What occurs during a scientific revolution,” asserted
Kuhn, “is not fully reducible to a reinterpretation of individual and stable
data.” The reason is that the data themselves are not really stable but also
change during a paradigm shift. Data interpretation is a function of
normal science, while data transformation is a function of extraordinary
science. That transformation is often a result of intuitions that “gather up
large portions of that experience and transform them to the rather differ-
ent bundle of experience that will thereafter be linked piecemeal to the
new paradigm but not to the old.”

A paradigm determines not only what laboratory protocols are practiced
but also what observations are going to be made. Change the paradigm
and not only are the laboratory protocols different but so are the observa-
tions. Hence, an observation is not so much “given” as it is “the collected
with difﬁculty.”60 Moreover, besides a change in data, revolutions change
the relationships among the data.

Practicing in different worlds, the two groups of scientists see different
things when they look from the same point in the same direction. Again,
that is not to say that they can see anything they please. Both are looking
at the world, and what they look at has not changed. But in some areas
they see different things, and they see them in different relations one to
another.”

This change in the world also has important epistemological implica-
tions for Kuhn. Although traditional western philosophy has searched for
three centuries for stable and theory-neutral data or observations to justify
theories, that search has been in vain. Kuhn desired to cling to this
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position but lamented that “it no longer functions effectively, and the
attempts to make it do so through the introduction of a neutral language
of observations seem to me hopeless.”™ All sensory experience is through
a paradigm of some sort, even articulations of that experience. Hence, no
one can step outside the paradigm to make an observation; it is simply
impossible given the limits of human physiology. “It is, however, only after
experience has been determined,” claimed Kuhn, “that the search for an
operational definition or a pure observation-language can begin.”® But,
he cautioned, only with the recognition that sensory experience is funda-
mentally paradigm-determined.

Resolution of revolutions

The establishment of a new paradigm resolves a scientific revolution and
issues forth a new period of normal science. With its establishment, Kuhn’s
new image of a mature science came full circle. Only after a period of
intense competition among rival paradigms, does the community choose
a new paradigm and scientists are transformed from paradigm testers to
puzzle solvers. The resolution of a scientific revolution is not a straight-
forward process that depends only upon reason or evidence. “The com-
petition between paradigms,” contended Kuhn, “is not the sort of battle
that can be resolved by proofs.”™ Part of the problem is that proponents
of competing paradigms cannot agree on the relevant evidence or proof
or even on the relevant anomalies needed to be solved, since their para-
digms are incommensurable.

Another factor that leads to difficulties in resolving scientific revolutions
is that communication among members in crisis is only partial. This is the
result of the new paradigm’s theoretical terms and concepts and labora-
tory protocols being initially borrowed from the old paradigm. Although
they share the same vocabulary and technology, the new paradigm gives
new meaning and uses to them. Remember that members of each com-
peting paradigm live in a different world from their competitors. The net
result is that members of competing paradigms talk past one another.
Moreover, the change in paradigms is not a gradual process in which
different parts of the paradigm are changed piecemeal; rather, the change
must be as a whole and suddenly. Convincing scientists to make such a
wholesale transformation takes time.

How then does one segment of the community convince another to
switch paradigms? For members who worked for decades under the old
paradigm, they may never accept the new paradigm. The resistance of
these mature members to the new paradigm “is not a violation of scientific
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standards but an index to the nature of scientific research itself . . . the
assurance that the older paradigm will ultimately solve all its problems,
that nature can be shoved into the box the paradigm provides.”65 Rather,
it is often the younger members who accept the new paradigm through
something like “a conversion experience that cannot be forced.”™ The
conversion is based rather on faith, especially in the potential of the new
paradigm to solve future problems.

The man who embraces a new paradigm at an early stage must often do
so in defiance of the evidence provided by problem-solving. He must,
that is, have faith that the new paradigm will succeed with the many large
problems that confront it, knowing that the older paradigm has failed
with a few.%

By invoking the terms conversion and faith, Kuhn was not implying that
arguments and reason are unimportant in a paradigm shift. Indeed, the
most common reason for accepting a new paradigm is that it solves the
anomalies the old paradigm could not. However, Kuhn pointed out that
the “claim to have solved the crisis-provoking problems is . . . rarely suffi-
cient by itself.”® Aesthetic or subjective factors also play an important role
in a paradigm shift, since the new paradigm solves only a few but critical
anomalies. These factors weigh heavily initially in the shift by reassuring
the community’s members that the new paradigm represents their disci-
pline’s future. But Kuhn denied he was suggesting that “new paradigms
triumph ultimately through some mystical aesthetic. On the contrary, very
few men desert a tradition for these reasons alone.””

From the resolution of revolutions, Kuhn made several important philo-
sophical points concerning the principles of verification and falsification.
As Kuhn acknowledged, philosophers do not search for absolute verifica-
tion anymore, since no theory can be exhaustively tested; rather, they cal-
culate the probability of a theory’s verification. According to probabilistic
verification, all imaginable theories must be compared with one another
vis-a-vis the available data. The problem in terms of Kuhn’s new image of
science is that theories are tested with respect to a given paradigm, and
such a restriction precludes access to all imaginable theories. Moreover,
Kuhn rejected falsifying instances because no paradigm resolves all the
problems facing a community. Under these conditions, no paradigm
would ever be accepted. For Kuhn, the process of verification and falsifi-
cation must include the vagueness that accompanies theory—fact fit.
“There is,” stated Kuhn, “no more precise answer to the question whether
or how well an individual theory fits the facts.””
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Progress through revolutions

First Kuhn discussed the progress in normal science, to contrast it with
progress through revolutions. “In its normal state,” observed Kuhn, “a sci-
entific community is an immensely efficient instrument for solving the
problems or puzzles that its paradigm defines. Furthermore, the result of
solving these problems must inevitably be progress.”” For normal science,
progress is cumulative in that the solutions to puzzles form a repository of
information and knowledge about the world. This progress is the result of
the direction a paradigm gives to the community’s practitioners. Impor-
tantly, the progress achieved through normal science in terms of the infor-
mation and knowledge is used to educate the next generation of scientists
and to manipulate the world for human welfare. Scientific revolutions are
going to change all that.

What, then, does the community of practitioners gain, vis-a-vis the
progress of normal science, by going through a revolution or paradigm
shift? Has it made any kind of progress in its rejection of a previous
paradigm and the fruit that paradigm has borne? Of course, the victors of
the revolution are going to claim that progress is made after the revolu-
tion. To do otherwise would be to admit that they were wrong all along.
Rather the framers of the new normal science are going to do all they can
to ensure that their winning paradigm is seen as pushing forward a better
understanding of the world. The progress achieved through a revolution
is two-fold, according to Kuhn. The first is the successful solution of
anomalies that a previous paradigm could not solve. The second is the
promise to solve additional problems or puzzles that arise from these
anomalies: “a community of scientific specialists will do all it can to ensure
the continuing growth of the assembled data that it can treat with preci-
sion and detail.”” Although progress involves the solution of these newer
problems, it also consists of maintaining “a relatively large part of the
concrete problem solving ability that has accrued to science through its
predecessors.”” However, argued Kuhn, revolutionary progress is not
cumulative but non-cumulative.

But has the community gotten closer to the truth, i.e. Popper’s notion of
verisimilitude, by going through a revolution? According to Kuhn the
answer is no. “We may . . . have to relinquish the notion, explicit or
implicit, that changes of paradigms carry scientists and those who learn
from them closer and closer to the truth.””* For Kuhn, the progress of
science is not a directed activity toward some goal like the truth. Rather,
scientific progress is a
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developmental process . . . a process of evolution from primitive begin-
nings—a process whose successive stages are characterized by an increas-
ingly detailed and refined understanding of nature. But nothing that has

been or will be said makes it a process of evolution toward anything.”

Just as selection operates in the emergence of new species, so it functions
in the emergence of new theories. And, just as a species is adapted to its
environment so a theory is adapted to the world. Kuhn had no answer to
the question why this should be other than the world and the community

that studies it exhibit “special characteristics.”” What these characteristics

are, Kuhn did not know, but he concluded that the new image of science
he had proposed would, like a new paradigm after a scientific revolution,
resolve these problems. He invited the next generation of philosophers of
science to join him in a new philosophy of science incommensurate with
its predecessor.
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Chapter 4

Why does Kuhn revise Structure?

Reactions to Structure

The reaction to Structure was at first congenial but within a few years
turned critical, especially that of philosophers. For example, Dudley
Shapere’s review of Structure was especially critical of Kuhn’s new image
of science. He followed the review a few years later with another critical
evaluation, in a paper delivered at the Pittsburgh philosophy of science
colloquium series." Kuhn’s philosophy of science also became the focus
of other critical reviews. For example, Israel Scheffler criticized Kuhn’s
philosophy of science as subverting scientific objectivity.> However, Kuhn’s
severest criticism came from a 1965 philosophy of science colloquium held
in London, with Popper as chair. Kuhn gave a paper comparing his and
Popper’s views of the growth of scientific knowledge, which was then
followed by critical papers delivered by Popper and others. The chief crit-
icisms focused on the notions of paradigm and normal science. Kuhn
responded to his London critics and to others in an unpublished 1967
Swarthmore lecture, in a published 1969 Urbana paper, and in a postscript
to the second edition of Structure.

From Kuhn’s recollection, he felt that the reviews of Structure were
good.” His chief concern was the tag of irrationalism. “I was not saying,
however,” stated Kuhn later, “that there aren’t good reasons in scientific
proofs, good but never conclusive reasons.” He was also concerned with
the charge of relativism, at least a pernicious kind. He felt that the charge
was inaccurate. He proposed that science does not progress toward a pre-
determined goal but, like evolutionary change, one theory replaces
another with a better fit between theory and nature vis-a-vis competitors.
Kuhn believed that his use of the Darwinian metaphor was the correct
framework for discussing science’s progress. But he felt no one took that
metaphor seriously.
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Reviews

In 1962 and 1963, several dozen reviews of Structure appeared in a variety
of professional journals and were, for the most part, favorable to Kuhn’s
new image of science. One of the first reviewers was his former chair at
Princeton, Charles Gillispie. Gillispie acknowledged that Kuhn wrote not
a typical history of science text but one that offers a new image of science
drawn from historical, philosophical, psychological, sociological, and sci-
entific sources. Moreover, rather than being a traditional philosophy of
science text “in the usual Anglo-American sense of a study of logical
problems found in scientific proceedings or systems . . . [itis] a sketch for
a genetic philosophy of science.” Although Gillispie was sympathetic to
Kuhn’s new image of science, he charged Kuhn with circular definitions of

2”5

terms like paradigm and normal science, i.e. paradigms determine normal
science and normal science determines paradigms. The concern over
circularity in Structure was shared by several reviewers. However, Gillispie
commended Kuhn for situating scientific development in a Darwinian
historiographic framework.

Many reviewers focused on segments of Structure that overlapped with
their own discipline—a focus not to be unexpected. For example, sociolo-
gists recognized Structure as a contribution to the sociology of knowledge,
which Kuhn claimed for the book itself. Bernard Barber lauded Kuhn’s
attempt to present a “sociology of scientific discovery,” but branded
Kuhn’s attempt as being “quasi-sociological” because the “sociological
analysis of the process of scientific discovery was not as theoretically
explicit as we might wish it, nor does it include some sociological factors
that would improve his analysis by enlarging it.”® In another example,
Edwin Boring evaluated the historical development of psychology in terms
of paradigm shifts, lamenting, however: “Psychology has had as yet no big
revolution, and perhaps that is why it seems to have had no Great Men.””

Many of the reviewers were not extensively critical in their analysis of
Kuhn’s new image of science. However, Derek de Solla Price presaged that
“we must expect a considerable polemic to develop from this classic.”™ That
polemic was on the immediate horizon. Beginning in 1964, critical reviews
of Structure began to appear and, more importantly, several full-length
reviews appeared in professional philosophy and history journals. The most
influential review among philosophers was Shapere’s poignant 1964 review.
Shapere conceded that Kuhn convincingly demonstrated the problems
associated with a philosophy of science based on a development-by-
accumulation history of science. He situated Kuhn with other antipositivist
philosophers of science, including Toulmin, Hanson, and Feyerabend.
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However, he was concerned over certain issues, especially relativism, which
arose from Kuhn’s notions of paradigm and incommensurability.

Shapere detailed a number of problems with Kuhn’s paradigm notion.
First, the notion was too imprecise: “anything that allows science to accom-
plish anything can be part of (or somehow involved in) a paradigm.”
Second, Shapere was concerned about the tail (paradigm) wagging the
dog (Kuhn’s analysis of science), in that Kuhn’s enthusiasm for paradigm
was “too strongly and confidently held to have been extracted from a mere
investigation of how things have happened.”"’ Shapere was also perplexed
over the fact that although scientists cannot articulate paradigms satisfac-
torily, historians of science can recognize them by direct inspection of the
historical record. In contrast to Kuhn, Shapere then argued that the dis-
tinction between “paradigms and different articulations of a paradigm,
and between scientific revolutions and normal science, is at best a matter
of degree, as is commitment to a paradigm.”11 Moreover, Shapere noted
that the reasons Kuhn gave for the existence of paradigms, such as the
inability to identify accurately methodological rules,

do not compel us to adopt a mystique regarding a single paradigm which
guides procedures, any more than our inability to give a single, simple
definition of “game” means that we must have a unitary inexpressible
idea from which all our diverse uses of “game” are abstracted.'

Finally, Shapere expressed concern that the expansive nature of paradigm
may obscure significant divergence among scientific practices.

Shapere then discussed what he considers a “deeper” problem with
Kuhn’s notion of paradigm, the change in meaning of terms during
paradigm shift. Shapere was bothered by Kuhn’s argument that a funda-
mental change of a term’s meaning, such as the term “mass,” occurs after
a scientific revolution (from Newton to Einstein).

The real trouble with such arguments arises with regard to the cash
difference between the saying, in such cases, that the “meaning” has
changed, as opposed to saying that the “meaning” has remained the
same though the “application” has changed."

Shapere believed Kuhn failed to make this subtle distinction. The problem
led to Shapere’s critique of incommensurability. If two competing para-
digms are incommensurable,
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if they disagree as to what the facts are, and even as to the real problems
to be faced and the standards which a successful theory must meet—
then what are the two paradigms disagreeing about? And why does one
win?'*

Shapere believed Kuhn had no ready answer for these questions.
Moreover, he argued that Kuhn’s incommensurability thesis reduces sci-
entific progress to mere change, which raises the issue of how paradigms
can be compared in the first place.

The upshot of Shapere’s critique of both the paradigm and incommen-
surability notions was the charge that Kuhn’s new image of science is rela-
tivistic. “For Kuhn,” claimed Shapere, “has already told us that the decision
of a scientific group to adopt a new paradigm is not based on good reason;
on the contrary, what counts as a good reason is determined by the
decision.”” Shapere acknowledged that the appearance of this type of
relativism in philosophy of science was only a matter of time, given the
direction of current historiography, and warned philosophers of science to
cast a jaundice eye toward it, “until historians of science achieve a more
balanced approach to their subject—neither too positivistic nor too rela-
tivistic.”"

Not only was Structure reviewed for professionals in the academic litera-
ture but it was also reviewed for the public in the popular literature. For
the popular scientific literature, Kuhn’s book received a particularly harsh
review in Scientific American. The anonymous reviewer claimed that Kuhn’s
central thesis was common knowledge and that Kuhn distorted this thesis
with his “relativism.” The reviewer also criticized Kuhn’s use of paradigm,
as did many reviewers, and claimed that the effects of incommensurability
“are at best wild exaggerations.”'” The review concluded with the state-
ment that Structure was “much ado about very little.”"® Kuhn never quite
forgot the treatment he received in the pages of this magazine.

Structurewas also reviewed in The Nation, along with another dozen books
on various topics related to science. The reviewer Philip Siekevitz focused
on the community structure of Kuhn’s new image of science, especially a
structure that provides for open discussion and debate of issues germane
to scientific advance. Siekevitz linked Kuhn’s analysis of the scientific com-
munity’s paradigmatic structure with Gerard Piel’s analysis of democracy
and science in Science in the Cause of Man: “just as science is based on the
‘paradigm’ subject to change, so is our democracy based on the Common
Law, subject to constant reinterpretation.”]9 For Siekevitz, the issue was
how to motivate the public to read the popular science genre in order to
be better-informed citizens in a world increasingly dependent on science.
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Letters

After the publication of Structure, Kuhn received over his career hundreds
of letters. The authors were mostly supportive of the paradigm notion and
solicited assistance from Kuhn in applying the notion to their particular
project or discipline. One of the earlier requests, for example, was from
R. A. McConnell, who wrote Kuhn to request help with a book proposal on
parapsychology.” According to McConnell, “Kuhn’s discussion creates a
framework in which there is a place for parapsychology as a character-
istically scientific undertaking.”™ Moreover, McConnell recognized the
importance of Structure: “The book represents a new perspective of science
that may lead to a revolution in the historiography of science and that may
in time deeply alter the education of scientists and the administration of
scientific research.” In addition he sent Kuhn an abstract of Structure he
had written and requested that Kuhn read it for faithfulness and accuracy
to Kuhn’s ideas. Kuhn responded with a detailed three-page letter encour-
aging McConnell with the book project and assuring him that the abstract
of Structure was faithful and accurate.”

But at times Kuhn could not help the person seeking assistance.
However, he still responded eventually. For example, in a letter, Ralph
Anspach, then an assistant professor in economics at San Francisco State
College, wrote Kuhn beseeching assistance with “an article on the method-
ology of economics in which I will draw from your analysis in the hope of
bringing my profession up to date.” Kuhn wrote in return: “I am not
going to be able to be very helpful even now. Almost none of the material
that has appeared since my book was published is likely to be of any real
use to you.””

Kuhn, however, did receive letters that were critical of Structure, espe-
cially in connection with the notion of paradigm. For example, Mendel
Sachs, from the Department of Physics and Astronomy at the State Uni-
versity of New York, Buffalo, wrote Kuhn disagreeing with the role of
paradigm in science. Defining paradigm as a “bandwagon,” Sachs
declared: “From my own experience, as a theoretical physicist, I am quite
convinced that these bandwagons have been stumbling blocks to progress.
They provide crutches for the individual scientists to lean on—instead of
thinking for themselves!”™ He went on to argue for an image of scientific
practice similar to Feyerabend’s. “I think,” asserted Sachs, “that the health-
iest thing for science itself is the approach of anarchy in research.””’

Kuhn often responded to critics by trying to help them see through
the differences between their criticisms and what Kuhn was trying to say.
For example, in his reply to Sachs, Kuhn wrote: “how does one tell a
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‘bandwagon’ effect from a decision made by large numbers of individuals
to turn their attention to what they individually believe to be a promising
new area of research?”® Kuhn continued to receive correspondence
concerning Structure, and its revised edition, throughout his career and
patiently addressed it as best he could. The sheer volume of this corres-
pondence alone witnesses to the importance and impact his classic had,
not only on the history and the philosophy of science but on many other
disciplines as well.

1965 London colloquium: “Criticism and the growth of knowledge”

Kuhn’s “Logic of discovery or psychology of research?”

The very title of Kuhn’s paper invites comparison between Popper and
Kuhn. Although Kuhn admitted there are similarities between him and
Popper, there are fundamental differences between them analogous to a
gestalt switch in which two people view the same picture but one sees one
thing, the other another. “Sir Karl and I do appeal to the same data; to an
uncommon extent we are seeing the same lines on the paper,” but, argued
Kuhn, “the figures which emerge from them are not [the same].”® The
arduous task for Kuhn was to help Popper see what he sees when Kuhn
looks at the historical record of scientific development. “How am 1,”
queried Kuhn, “to show him what it would be like to wear my spectacles
when he has already learned to look at everything I can point to through
his own?”* Kuhn attempted to assist Popper in the gestalt switch by iden-
tifying Popperian locutions that Kuhn found unsuitable.

The first Popperian locution Kuhn tackles was “theory testing,” i.e.
scientists propose theories that are then tested experimentally. Kuhn
argued that testing during normal science is not conducted to evaluate the
correctness of a theory so much as to determine the normal scientist’s
ingenuity as puzzle solver. For Kuhn, Popper’s theory testing is not normal
but extraordinary scientific activity. “I suggest then,” proposed Kuhn, “that
Sir Karl has characterized the entire scientific enterprise in terms that

»31 Moreover, the demarca-

apply only to its occasional revolutionary part.
tion between science and nonscience is not the potential refutability of
theories. For example, astrology, according to Kuhn, is not a science not
because it is not refutable but because it has no puzzles to solve. “To rely
on testing as the mark of science,” concluded Kuhn, “is to miss what
scientists mostly do.”

The next Popperian locution Kuhn examines was “learning from our
mistakes,” i.e. the common method of trial and error or as Popper popu-

larly referred to as “conjecture and refutation.” Again, Kuhn claimed that
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the mistakes made by scientists are generally those made during the
practice of normal science and involve the breaking of a paradigmatic
rule. But the mistakes Popper refers to, according to Kuhn, are “out-of-
date scientific theories” and so learning from mistakes “occurs when a sci-
entific community rejects one of these theories and replaces it with
another.”” Again, Popper, as Kuhn sees it, has conflated normal and revo-
lutionary science. “Like the term ‘testing’, ‘mistake’ has been borrowed,”
claimed Kuhn, “from normal science, where its use is reasonably clear, and
applied to revolutionary episodes, where its application is problematic.”34

Kuhn then proceeded to examine the most important Popperian
locution, “falsification” or “refutation,” i.e. when a theory fails a test it must
be rejected. Kuhn acknowledged that Popper is not a naive falsificationist,
in that a single observation does not necessarily falsify a theory because the
observation can be questioned or the theory modified. However, he con-
tended that Popper may “legitimately be treated as one,” because the
methodological bite of falsification is “conclusive disproof.”™ Kuhn’s
concern with Popper’s notion of falsification was that logical analysis of
theory testing cannot account completely for the development of scientific
knowledge: “though logic is a powerful and ultimately an essential tool of
scientific enquiry, one can have sound knowledge in forms to which logic
can scarcely be applied.”36 For Kuhn, the notion of paradigm served to
include the non-logical elements critical for the development of such
knowledge.

Kuhn concluded with a discussion of questions concerning theory
choice and scientific progress. He had no ready answers for them, but, just
as a new paradigm in science offers promise for solving the anomalies an
older paradigm could not, he believed that—in contradistinction to
Popper’s philosophy of science that has failed to answer them—he can
“see the directions in which answers to them must be sought.” For
example, the direction for answering questions about theory choice is to
determine the values, such as simplicity and precision, which play a role in
the process. “Knowing what scientists value,” wrote Kuhn, “we may hope to
understand what problems they will undertake and what choices they will
make in particular circumstances of conflict.”™

Finally, Kuhn invited Popper to join him in the quest for the directions
to provide answers to the above questions. Kuhn believed that, although
Popper appears to be interested strictly in the logical generation and to
reject the individual’s psychological role in the growth of knowledge,
Popper does “inculcate moral imperatives in the membership of the

scientific group.”™
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Critiques

Watkins rejected Kuhn’s normal science as an accurate conception of
science. He contrasted the two different communities of practitioners,
with the Kuhnian community reflecting how scientists act as a “closed
society, the intermittently shaken by collective nervous breakdowns
followed by restored mental unison” and with the Popperian community
reflecting how scientists should (and do) act as an “open society in which
no theory . . . is ever sacred.” Watkin’s strategy was to turn the table on
Kuhn and to assist him to see through Popperian glasses that normal
science is no science at all.

Watkins defended Popper’s notion of critical science by distinguishing
between a sociological and a methodological analysis of science. Kuhn’s
mistake, asserted Watkins, was to discount the revolutionary advances
because they are rare and to promote normal science because it is
common.

From a sociological point of view, it may be quite in order to discount
something on the ground that it is rare. But from the methodological
point of view, something rare in science—a path-breaking new idea or a
crucial experiment between two major theories—may be far more
important than something going on all the time."

Kuhn’s notion of normal science, with its plodding and meticulous atten-
tion to detail, claimed Watkins, is applicable to any number of disciplines
including Biblical exegesis and astrology.

Watkins’ final blow to normal science was that it cannot be responsible
for the emergence of revolutionary science. Inspection of the historical
record of scientific development reveals that new theories emerge not all
at once but over a lengthy period in response to continuous, critical chal-
lenges to a theory. Watkins credited Kuhn’s misconception to the com-
parison of the emergence of new theories to gestalt switches. Scientists are
not prisoners of a theory but free to challenge it at any time. If science is
likened to a religion, then “heretical thinking must have been going on for
a long time before paradigm-change can occur . .. [which] means that the
scientific community is not, after all, a closed society whose chief charac-
teristic is ‘the abandonment of critical discourse’.”**

Popper continued the charge against normal science. First, however,
Popper admitted that he did not appreciate the distinction between
normal science and revolutionary science and the problems the distinc-
tion raised for his analysis of science. He thanked Kuhn for “opening my

eyes to a host of problems which previously I had not seen quite clearly.””
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But Popper was not converted to Kuhn’s new image of science but rather
galvanized in his old image. For Popper, the normal scientist is someone
who is trained inadequately, “in a dogmatic spirit . . . he has become what
may be called an applied scientist, in contradistinction to what I should call
a pure scientist.”** Thus, rather than seeing normal science as normative or
even descriptive for scientific practice, Popper saw it as a danger and
threat as to how science is or should be practiced.

Popper next claimed that normal science is not supported by the history
of science. Popper argued that Kuhn’s new image of science fits astronomy
best but not other sciences such as biology since Darwin and Pasteur. Most
sciences do not have a single paradigm that determines scientific activity
in a manner akin to normal science. Rather, for Popper science is critical
in that “it consists of bold conjectures, controlled by criticism, and that it
may, therefore, be described as revolutionary.”” But he is not adverse to
dogmatism. “If we give in to criticism to easily,” claims Popper, “we shall
never find out where the real power of the theory lies.”* Popper’s dog-
matism, however, differed from Kuhn’s, in that it is part of the bold con-
jecture process and not normal science.

Finally, Popper asserted that the notion of normal science is predicated
upon a relativistic logic that views rational discourse only within a frame-
work whose foundations cannot be examined critically. Popper, however,
insisted that we can critically examine these foundations.

I do admit that at any moment we are prisoners caught in the framework
of our theories . . . But we are prisoners in a sense: we can break out of
our framework at any time. Admittedly, we shall find ourselves again in

a framework, but it will be a better and roomier one."

Popper’s main concern with Kuhn’s relativism was that it harbored
irrationalism, in that scientists cannot rationally decide which framework
to adopt.

Toulmin argued that Kuhn’s current rendition of revolutionary breaks
between paradigms appears not as radical as before in Structure. Revolu-
tions are now demoted from macro to micro events. And with that
demotion, they can now be viewed more like units of variation upon which
selection acts.

Suppose we stop thinking of Kuhn’s small scale “micro-revolutions” as
units of effective change in scientific theory, and treat them instead as
units of variation. We will then be faced with a picture of science in which
the theories currently accepted at each stage serve as starting-points for
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a large number of suggested variants; but in which only a small fraction
of these variants in fact survive and become established within the ideas
passed on to the next generation.48

Toulmin concluded that his approach may yield a mechanism for explain-
ing revolutions rather than just labeling them.

Lakatos explored the differences or gestalt switch between Popper and
Kuhn: science as continual critical assessment (duck) or science as
paradigm commitment punctuated by paradigm shift (rabbit). One
approach is rational, the other irrational.

For Popper, scientific change is rational or at least rationally recon-
structed and falls within the realm of the logic of discovery. For Kuhn
scientific change—from one “paradigm” to another—is a mystical
conversion which is not and cannot be governed by rules of reason and
which falls totally within the realm of the (social) psychology of discovery.”

Lakatos believed that Kuhn’s view of revolutionary change leads to reli-
gious conversion and is appalled that Kuhn resorts to “mob psychology” to
charge Popper with naive falsification. Lakatos aimed to rescue Popper
from Kuhn’s charge by explicating a sophisticated version of falsification,
which Lakatos then proceeded to develop in terms of a view of science he
called “scientific research programmes,” and in so doing justify rational
progress or the role of criticism in the growth of knowledge.

Feyerabend claimed that Kuhn’s normal science is fit only for dogmatic
and narrow minded specialists. He was horrified by what he considered to
be the logical outcome of Kuhn’s new image of science: the way to scien-
tific status for a discipline “is to restrict criticism, to reduce the number of
comprehensive theories to one, and to create a normal science that has
this one theory as its paradigm.”™ Such an image of science and its
function, declared Feyerabend, cannot be supported historically; rather,
“a science that tries to develop our ideas and that uses rational means for
the elimination of even the most fundamental conjectures must use a
principle of tenacity together with a principle of proliferation.”" By the
principle of tenacity Feyerabend meant “not just to follow one’s inclina-
tions, but to develop them further, to raise them, with the help of criticism
... to a higher level of articulation.”” By the principle of proliferation he
meant “there is no need to suppress even the most outlandish product of
the human brain.”® For Feyerabend, this view of science trumped Kuhn’s
normal science.

Kuhn’s imprecise use of paradigm was one of the chief complaints
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leveled by numerous critics of Structure. In a creative and sympathetic
analysis of Kuhn’s sense of paradigm, Margaret Masterman identified 21
senses of it. Her motivation for undertaking the analysis was that

actual scientists are now, increasingly reading Kuhn instead of Popper:
to such an extent, indeed, that, in new scientific fields particularly,
“paradigm” and not “hypothesis” is now the “O.K. word”. It is thus sci-
entifically urgent, as well as philosophically important, to try to find out
what a Kuhnian paradigm is.5

After identifying the different senses in which Kuhn uses paradigm in
Structure, she grouped them into three categories. The first is the meta-
physical paradigm or “metaparadigm,” which provides the theoretical
basis of scientific practice and includes a set of beliefs, a map, a standard,
a metaphysical speculation or notion of an entity, an organizing principle
that shapes perception, or a way of determining large areas of reality. The
second category is the sociological paradigm, which directs the behavior
of scientific communities and their members and includes a universally
accepted achievement, a set of political institutions, or a device in
common law. The final category is the artifact or construct paradigm,
which is involved in concrete puzzle solutions and includes a textbook or
classic work in the discipline, a source of tools for conducting experimen-
tal investigation, a machine-tool factory, or a gestalt figure that can be seen
in two ways. Masterman concluded her analysis inviting others to join
in articulating further Kuhn’s notion of paradigm, for “if we retreat from
all further consideration of Kuhn’s ‘new image’ of science, we run the risk
of totally disconnecting the new-style realistic history of science from its
old-style philosophy: a disaster.”

Kuhn’s “Reflections on my critics”

Kuhn began with an interesting rhetorical ploy often used in conflict. He
conflated his identity by positing two Kuhns. The first Kuhn was the author
of Structure, which was discussed by Masterman and the first Kuhn. The
second Kuhn was the author of a book with the same title, which was dis-
cussed by Popper, Watkins, Toulmin, Feyerabend, and Lakatos. One might
call these two the incommensurable Kuhns, a product of “partial or incom-
plete communication—the talking-through-each-other that regularly char-
acterizes discourse between participants in incommensurable points of
view.”™ Kuhn believed that he and his critics have talked past one another
on three different sets of issues: methodology, normal science, and
paradigm shift.
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With respect to methodology, Kuhn observed that critics see his method
as historical or social psychology and descriptive while their own is logical
and normative. Kuhn claimed that this is a misperception, since all
the participants in the colloquium engaged historical case studies and the
behavior of scientists both individually and collectively. Moreover, the
divergence between descriptive and normative is indistinct. With respect
to the historical dimension of his method, Kuhn wrote:

I am no less concerned with rational reconstruction, with the discovery
of essentials, than are philosophers of science. My objective, too, is an
understanding of science, of the reasons for its special efficacy, of the
cognitive status of its theories. But unlike most philosophers of science,
I began as an historian of science, examining closely the facts of scien-
tific life."”

Kuhn’s defense of the social psychology dimension of his method relied
on the insufficiency of rules to dictate human behavior. For theory choice,
for instance, Kuhn reaffirmed that community “behavior will be affected
decisively by the shared commitments, but individual choice will be a
function also of personality, education, and the prior pattern of profes-
sional research.”®® Finally, for the descriptive-normative distinction, Kuhn
argued that his new image of science has normative implications for the
practice of science:

scientists behave in the following ways; those modes of behavior have
(here theory enters) the following essential functions; in the absence of
an alternate mode that would serve similar functions, scientists should
behave essentially as they do if their concern is to improve scientific
knowledge.”

Kuhn next took up the defense of normal science. He believed that
critics’ denial of normal science and classifying it uninteresting compared
to revolutionary or critical science were unusual ploys. As for the non-
existence of normal science, Kuhn claimed that revolutionary science
demands it. “By their nature,” insisted Kuhn, “revolutions cannot be the
whole of science: something different must necessarily go on in
between.”™ The notion of revolution itself dictates against all science
being revolutionary all the time. Normal science, with its period of stasis
in which theories do not proliferate and scientists do not criticize their
foundations, provides the scientific backdrop for revolutions to occur and
to be recognized.
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The problem of recognizing normal science or of distinguishing
between normal and revolutionary science requires an appropriate under-
standing of the scientific community. By knowing what a community
deems valuable, then the question of whether an historical period of
scientific research is revolutionary or normal can be answered. “The gist
of the problem,” claimed Kuhn, “is that to answer the question ‘normal or
revolutionary?” one must first ask, ‘for whom?’”®" Moreover, normal
science is palpable from history, asserted Kuhn, even from the case studies
critics used to deny its existence. Finally, for the coinage of science normal
science is a necessary obverse to the revolutionary converse in that it
provides the stasis required for detailed scientific progress.

Kuhn then considered critics’ charge that his position concerning
theory choice or paradigm shift depends on irrationalism, relativism, and
mob rule. Kuhn categorically denied the charge.

To say that, in matters of theory-choice, the force of logic and observa-
tion cannot in principle be compelling is neither to discard logic and
observation nor to suggest that there are not good reasons for favoring
one theory over another. To say that trained scientists are, in such
matters, the highest courts of appeal is neither to defend mob rule nor

to suggest that scientists could have decided to accept any theory at all.%?

In his defense of the charge of irrationalism, Kuhn wrote:

What I am denying is neither the existence of good reasons nor that
those reasons are of the sort usually described. I am, however, insisting
that such reasons constitute values to be used in making choices rather
than rules of choice.”

Kuhn also contended that his evolutionary notion of scientific develop-
ment is not relativistic; for in the selection of one theory over another:
“One scientific theory is not as good as another for doing what scientists
normally do.”® However, in relation to truth Kuhn admitted that his
position is relativistic. He agreed that a newer theory is “better” than an
older one “as a tool for the practice of normal science,” but Kuhn denied
that the newer theory captures the truth of reality.” Finally, in terms of the
charge of mob rule, Kuhn appealed to the fact that in terms of mob
psychology there is generally a rejection of community values; but if the sci-
entific community rejects its values, “then science is already past saving.”“‘

Finally, Kuhn turned to the notion of incommensurability and to the
nature of paradigms. To address critics, he framed the discussion of
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incommensurability in terms of translation: just as a translator cannot
provide a literal translation of a text from one language to another, so sci-
entists cannot compare competing theories point-for-point because there
is no theory neutral language by which to compare them. There is always
some information lost in translation, which is critical for full communica-
tion. The sources of incommensurability, then, are two. First, for terms
shared between two incommensurable paradigms, meaning changes in
profound ways during a paradigm shift. Second, “languages cut up the
world in different ways, and we have no access to a neutral sub-linguistic
means of reporting.”® In other words, there is no adequate translational
manual by which to translate or transpose an older theory to a new one
because such manuals are predicated on specific theories that interpret
the world differently.

As for the nature of paradigms, Kuhn accepted partial responsibility for
the confusion surrounding their use in Structure. He credited Masterman
for skillfully demonstrating their various uses. In a later interview, Kuhn
acknowledged that she was on target in terms of the core meaning of par-
adigms: “she’s got it right! . . . a paradigm is what you use when the theory

"% Tn a 1966 letter, Kuhn wrote to Masterman:

isn’t there.
I could not be more delighted by your piece for Imre’s volume. It seems
to me even clearer, more cogent, and occasionally deeper than the
original, and you know that I liked that. I feel sure it will be effective with
at least some of the people who have yet to be touched by the central
tenets of our position, and I do not know what could possibly be asked.”

Although she proposed three categories for the uses of paradigms, Kuhn
eventually divided them into two categories: disciplinary matrix and
exemplars.

Structure revisited

1967 Swarthmore lecture: “Paradigms and theories in scientific research”

Kuhn acknowledged the problems associated with Structure, particularly
concerning the notion of paradigm and the distinction between normal
and revolutionary science. To address the problems Kuhn analyzed the
scientific community, in terms of their commitments. Determination of a
revolutionary development, asserted Kuhn, depends on the apposite com-
munity in which the change is judged revolutionary. He proceeded to
discuss various methods for identifying and classifying scientific commu-
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nities: “my reason for doing so is the conviction that it is those groups—
both in their individuality and in their interrelationships—which must be
studied if we're to understand the nature of scientific advance.””

The question arose as to what defines the common practice of these
communities. Kuhn addressed the question by admitting that the answer
given in Structure, i.e. paradigm, was too expansive. Now he wanted to
narrow the scope of that term. “For the cluster of commitments which
make possible a group’s research,” stated Kuhn, “I need some phrase like
the group’s professional Weltanschauung, or its ideology, or its special
matrix of beliefs and values.””" The phrase he settled on was “professional
matrix.”

The professional matrix is made up of several elements. Natural laws are
the first and most obvious element, which are “the heart of the formal
component of the professional matrix.”” Laws only change during a major
revolution because of their stability, although “the way they are fitted to
nature by particular communities may change more often.”” Another
element is the community’s “collective metaphysics.” “Roughly speaking,”
wrote Kuhn, “this consists of the entities and powers which appear in or
are used to explain the laws.””* A revolution depends on whether the meta-
physical commitment is an essential component of the community’s
matrix. An important element is the instrumental. “The techniques by
which we choose to observe and measure objects of our environment,”
explained Kuhn, “carry with them disguised commitments or expectations
about what is and is not in the universe and about the way these things
behave.””

Although there are other elements, which Kuhn did not list, he con-
cluded the discussion of “the one that plays a major role in the attachment
of laws to nature, and it is this part of the matrix for which I originally
introduced the term paradigm in [Structure] 76 Traditionally that connec-
tion was mediated by correspondence rules. But, insisted Kuhn, these
rules are insufficient for the task. Often scientists do not have adequate
definitions for the different symbolic expressions of a law to cover every
concrete problem.

How then can a particular problem be solved or the law connected to
a particular part of nature? Since the correspondence rules are inade-
quate it appears that there is something missing in what scientists know
about the world, in order to explain it with their abstract symbols. But
Kuhn believed that the problem is not with the way scientists practice
their trade but with the traditional view of science. “What is it then,”
asked Kuhn, “which supplies the element we feel to be missing?””” The
answer is pedagogical in nature. “It’s in the doing problems,” noted
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Kuhn, “that a student acquires what substitutes for definitions and rules
of application.””

What is learned through this process of problem-solving is the similarity
relationship between the solved problem and the unsolved one. Kuhn
used an illustration of a child’s lesson in ornithology to clarify the process.
The child and parent are walking through a park and the parent attempts
to teach the child the differences among swans, geese, and pigeons. The
parent points to the different classes of birds and then challenges the child
to do likewise, reinforcing correct identifications and correcting mistakes.
Through this process of ostension and of reinforcing and correcting, the
child learns to discriminate among the three classes of birds.

According to Kuhn, the consequences of this process are two-fold. First,
when one learns in this way from examples, one clearly does learn some-

” o«

thing about what terms like “swan,” “goose,” etc. mean . . . But clearly
that’s not all one’s learned. In learning meaning one’s also learned a
good deal about what the world does and does not contain . . . Second,
this mode of learning allows quite naturally room for what I've previ-

ously called both normal and revolutionary change.”

Paradigms clarified

Kuhn admitted that Structure’s popularity was due to its “excessive plastic-
ity,” i.e. “people read the book with their own agenda and find in it what
they want.”® Kuhn acknowledged that the many meanings and uses of
paradigm in Structure were responsible for the plasticity and agreed with
critics that clarification was warranted. He further developed the Swarth-
more lecture to that end by categorizing paradigms into disciplinary
matrix and exemplar and by discussing the philosophical implications of
the more important of the two. Importantly, Kuhn disavowed that
paradigm acquisition mystically transforms a discipline into a science.

Scientific communities

To clarify the notion of paradigm, Kuhn discussed the nature of scientific
communities; for the nature of paradigm is intimately connected with the
nature of scientific communities. Citing recent sociological work on those
communities, Kuhn noted that their members are joined “by common
elements in their education and apprenticeship, [and] they see them-
selves and are seen by others as the men responsible for the pursuit of a
set of shared goals.”™" Scientific communities vary in size, often defined by
their subject matter, with the smallest and more specialized communities
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representing the basic taxonomic units. Practitioners may often belong to
more than one unit. From these units, communities expand to include the
largest unit: all natural scientists. Kuhn insisted that scientific communi-

ties are “the producers and validators of scientific knowledge.”

Disciplinary matrix

From the analysis of scientific community, Kuhn asked: “What do its
members share that accounts for the relative fullness of their professional
communication and their relative unanimity of their professional judg-
ments?”® The answer, obviously, is a paradigm or a set of them. Paradigms
govern the shared community life and not the subject matter. In other
words, paradigms are more than a theory, which is too limited for Kuhn’s
purposes. They represent the milieu of the professional practice, or as
Kuhn called it: the “disciplinary matrix.” “‘Disciplinary’ because it is the
common possession of the practitioners of a professional discipline;
‘matrix’ because it is composed of ordered elements of various sorts, each
requiring further specification.” Kuhn acknowledged that there are
many different constituents of disciplinary matrix used in Structure, but he
focused on the following: symbolic generalizations, models, values, and
exemplars.

As symbolic generalizations, paradigms are the formal components of a
disciplinary matrix. For example, “in physics,” wrote Kuhn, “generaliza-
tions are often found already in symbolic form: f = ma, I = V/R.”®® These
generalizations allow the community’s practitioners to use mathematics
and logic to solve their puzzles and are indicators of their command of
nature. But the question arises how to connect these symbolic generaliza-
tions to nature. Correspondence rules, in terms of basic statements, are
incapable, claimed Kuhn; rather, he proposed “that an acquired ability to
see resemblances between apparently disparate problems plays in science
a significant part of the role usually attributed to correspondence rules.”’
This ability is acquired through education and apprenticeship and
grounds normal science practice. Thus, detailed progress is only possible
during times of normal science in which scientists are free to pursue tech-
nical puzzles about nature—theory fit rather than arguing about meta-
physical principles or which instrumentation to use or how to interpret the
data.

As models, paradigms are the community’s “preferred analogies.
Models are also part of the metaphysical dimension of scientific practice.
This dimension includes beliefs, such as in models as heuristic devices for
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guiding research or as ontological formulae for carving up the world.
Models within a metaphysical context also provide the community with
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permissible metaphors. “By doing so,” claimed Kuhn, “they help to deter-
mine what will be accepted as an explanation and as a puzzle-solution;
conversely, they assist in the determination of the roster of unsolved
puzzles and in the evaluation of the importance of each”.*

As values, paradigms function as the glue to hold the community
together. They help to identify a crisis, to select a new paradigm, to judge
a theory as a whole, to evaluate a theoretical prediction, and to determine
science’s social usefulness. Values include accuracy, simplicity, consistency,
plausibility, among others. Except for accuracy, judgements of these values
vary from person to person. Moreover, Kuhn stated:

though values are widely shared by scientists and though commitment to
them is both deep and constitutive of science, the application of values
is sometimes considerably affected by the features of individual person-
ality and biography that differentiate the members of the group.”

He realized that his position on values caused critics, such as Shapere and
Scheftler, to charge him with subjectivity and irrationality. Kuhn addressed
this charge, arguing that value judgements in any discipline are critical
determinants of community behavior regardless of individual appropria-
tion and that individual appropriation of values serves important func-
tions in the community such as distributing risks. Far from being
subjective and irrational, Kuhn insisted that values assure science’s success
by affording a certain amount of plasticity to its practice.

Exemplars
Exemplars are “concrete problem solutions, accepted by the group as, in
a quite usual sense, paradigmatic.””" Kuhn differentiated their utility for
various segments of the scientific community. For undergraduates, exem-
plars are the standard puzzles at the end of textbook chapters, on exami-
nations, and in laboratory manuals. For graduate students and practicing
community members, exemplars also include the solved puzzles in the
professional literature. For Kuhn scientific knowledge is not localized
simply within theories and rules, so that students simply apply them to
solving problems. Rather it is localized within exemplars, so that students
must learn the puzzle solutions shared by the community. “In the absence
of such exemplars,” claimed Kuhn, “the laws and theories [students have]
previously learned would have little empirical content.” In other words,
through exemplars students learn the vocabulary and concepts along with
natural phenomena. The two go hand-in-hand.

The basis for an exemplar to function in puzzle-solving is the scientist’s
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ability to see the similarity between a previously solved puzzle and a cur-
rently unsolved one. However, the scientist’s ability to see the similarity is
not due fundamentally, stressed Kuhn, to a set of procedural rules that
dictate the solution; rather, the “basic criterion is a perception of similar-
ity that is both logically and psychologically prior to any of the numerous
criteria [such as procedural rules] by which that same identification of
similarity might have been made.”” The principle of perception of simi-
larity can be applied directly to the solution of a new puzzle vis-a-vis the old
one.

Kuhn used the same illustration of a child’s ornithology lesson, as he
introduced in the Swarthmore lecture, to clarify the principle of percep-
tion of similarity, except ducks replaced pigeons. He also incorporated
neurophysiology to explicate the pedagogical experience. The basis for
the experience, wrote Kuhn, is that “part of the neural mechanism by
which [the child] processes visual stimuli has been reprogrammed.”94
Importantly, the child learns the lesson without the aid of correspondence
rules but rather with a “primitive perception of similarity and difference”
and the knowledge learned “can thereafter be embedded, not in general-
izations or rules, but in the similarity relationship itself.”” Thus, shared
examples and not necessarily rules are responsible for processing either
stimuli or data. “Shared examples,” concluded Kuhn, “can serve cognitive
functions commonly attributed to shared rules. When they do, knowledge

develops differently from the way it does when governed by rules.”

Further criticism and clarification

1969 Urbana conference

Suppe criticized Kuhn’s clarification of paradigm in terms of disciplinary
matrix and exemplars. The problem, claimed Suppe, is that the bird-
learning example Kuhn offered to illustrate exemplar acquisition
through resemblance relationships is a “disanalogy.” Exemplars are more
complex than simple ostensive definitions and require the ability to
translate between experimental and theoretical languages, in order to
connect symbolic generalizations to nature. Suppe also criticized Kuhn’s
acquisition of resemblance relationship as a substitute for the traditional
view’s correspondence rules. The problem, according to Suppe, is that
the latter rules also function to define partially terms of a symbolic gen-
eralization. Although Kuhn’s exemplars provide a similar service implic-
itly, Suppe contended that the difference in a term’s meaning cannot be
ascribed to resemblance relations. Other factors, such as unstated
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physical assumptions, are also required to provide the conceptual
content of a term.

As for disciplinary matrix, Suppe claimed that Kuhn’s rendering of it “is
insufficiently precise and invites the sort of undesirable plastic employ-
ment that the paradigm experienced.”” Rather than define disciplinary
matrix in terms of the activities and concepts of a discipline generally,
Suppe proposed to define it in terms of the specialized groups of prac-
titioners, i.e. “the more esoteric state-of-the-art experiments in the recent
journals, and more important, the private unpublished reports and
communications which are circulated among the small groups of scientists
who communicate and collaborate with each other about their current
research.”® Only at this level then can a group’s disciplinary matrix be
specified more precisely.

Suppe was also troubled by Kuhn’s definition of theory as “a collection of
symbolic generalizations with specific meanings attached to its constituent
terms.” What bothered him was that any difference in a term’s meaning
implies a different theory. Since Suppe assumed that each member of a
disciplinary group would have a faintly different resemblance-relation
experience and thereby use a slightly different disciplinary matrix, the end
result would be a proliferation of theories. Moreover, for Suppe no com-
munity resembles a single individual. He concluded that “Kuhn’s claim that
members of a disciplinary group share a common disciplinary matrix thus
seems ultimately indefensible.”'”” According to Suppe, the solution was to
drop all mention of paradigm, disciplinary matrix, and exemplar, since
they overpopulate the world of philosophical entities and obscure Kuhn’s
important insights in the nature of science.

Kuhn insisted that he was not overpopulating the world of philosophical
entities by introducing terms such as exemplar. Rather he was identifying
important features of theories overlooked by the traditional view. “Surely
philosophers have been aware of [concrete problem solutions’] exis-
tence,” pleaded Kuhn, “in which case my grouping them under the rubric
‘exemplars’ cannot have added a new entity to the discourse about
science.”'”! Kuhn corrected Suppe’s misunderstanding of Kuhn’s notion
of theory. “A theory consists,” asserted Kuhn, “among other things, of
verbal and symbolic generalizations together with examples of their function
and use.”'”” Moreover, Kuhn claimed that Suppe’s fears about theory pro-
liferation are unfounded, since it is not the consequence of learning
through exemplars but of language learning in general.

Kuhn also insisted that the ornithology illustration for resemblance
relationships is not too simplistic for scientific laws. He saw no reason in
principle why the illustration cannot be used to support his position.
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He contended that more than words are learned during the process. What
is learned also includes, for example, “what the world contains and about
how the newly named entities behave.”'”® Kuhn finally addressed Suppe’s
charge of the disanalogy between the ornithology illustration and
exemplar acquisition. He claimed that the formulation of Suppe’s critique
in terms of translation is defective. What Kuhn wanted to resist in Suppe’s
move to translation was the syntactical analysis of science. Rather Kuhn
was concerned about semantic analysis of science. Moreover, translation is
a far richer activity for Kuhn and involves diagrammatic illustrations and
especially laboratory demonstrations. Finally, Kuhn conceded that resem-
blance relationships do supply implicitly definitions of symbolizations but
is unclear as to what “meaning” and “partial definition” is.

Sylvain Bromberger argued that Kuhn’s account of exemplar acquisition
did not in principle rule out a role for correspondence rules. Rather
Bromberger proposed that to explain the ability of the child to classify
birds is “to assume not that the exemplar is common, but rather that the
effect of the exemplar on that sort of organism is the formation and inter-
nalization of some sort of a rule which is then applied to other cases.”'"
He felt empirical investigation was needed to examine this proposal.
Kuhn’s response was equivocal. One the one hand he agreed that there
are rules that govern the processing of neural stimuli under unconscious
control, but on the other hand he believed that correspondence rules are
insufficient to account for exemplar acquisition.

Patrick Suppes questioned Kuhn’s reliance on disciplines such as psy-
chology to do philosophy of science. “As I read your paper,” claimed
Suppes, “it seems to me that you want to suggest that the philosophy of
science is really to become the psychology of science.”'® And, he wanted
to resist that move. Kuhn defended his use of psychology to do philosophy
of science. He believed that other disciplines, including psychology and
history, allowed him to address issues in the philosophy of science from an
empirical perspective. Even though Kuhn was professionally an historian,
he claimed that epistemological issues motivated his historical interests.

I really want to know what sort of thing knowledge is, what it is all about,
and why it is that it works the way it does. Now in order to do that, it
seems to me the right move (I am glad somebody else said philosophy is
an empirical enterprise) is to look around and try to see what is going
on and what it is that people who have knowledge have got.'”

Through this means Kuhn believed he could contribute to a better
epistemology.
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Hilary Putnam claimed that Kuhn’s exemplars play two roles. The first is
obviously that students learn to solve problems correctly. The second is
that students learn to use what Putnam called “auxiliary statements” to
solve problems. These statements, acting to define “boundary conditions,”
serve to connect a theory to the natural world rather than correspondence
rules. Kuhn responded that Putnam is simply putting new wine in old wine
skins. “At the moment,” confessed Kuhn, “I cannot see that substituting
auxiliary statements for correspondence rules is going to have any bearing
on the problem I have been trying to raise.”'” What Kuhn found prob-
lematic is Putnam’s attempt “to find linguistic forms to make explicit what
is, in fact, tacitly embodied in the language-nature fit.”'"

Shapere inquired as to whether similarity relationships are discovered. If
so, then he insisted that Kuhn’s position is no different than the traditional
position of pure observation. He also inquired as to whether the similarity
relationships or exemplars are important “because the community picked
them out, or does the community pick them out because there is some
good reason to pick them out.”'”
Shapere, for the former lapses back into the relativism of Structure while the
latter vitiates the explanatory power of the sociological dimension of exem-
plars. Kuhn responded to the first inquiry by noting that there is no direct
access to stimuli as “given” but only “to a data world that the community has

The distinction was critical according to

already divided in a certain way.”'"’ To the second inquiry, Kuhn pointed
out that his image of science is evolutionary. “In this sense,” wrote Kuhn,
“scientific development is a unidirectional and irreversible process, and

that is not a relativistic view.”!!!

Reviews of the revised Kuhn

The second edition of Structure, along with Kuhn’s London and Urbana
papers, were reviewed in professional journals. The two most widely
acclaimed reviews were by Alan Musgrave and by Shapere. Musgrave
claimed that Kuhn shifts from his earlier position because of a theoretical
analysis of the micro community’s structure. First, micro revolutions can
occur between macro revolutions, without a preceding crisis period.
Second, normal science may constantly be in a state of crisis. Finally,
normal science can be conducted in the presence of metaphysical contro-
versy. But Kuhn’s shift raised a question for Musgrave: “So what are the
paradigms, consensus upon which remains a pre-requisite for normal
research?”!"?

After reviewing Kuhn’s attempts to clarify the notion of paradigm by
introducing the notions of disciplinary matrix and exemplar, Musgrave
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answered the above question in terms of Kuhn’s exemplars. But he dis-
trusted the answer and criticized Kuhn’s reliance on an analogy between
students solving textbook problems and scientists conducting research.
Musgrave rejected the analogy, since the answer to the textbook problem
is known but there is no pre-known answer for the practicing scientist
conducting original research. “It is always an open question,” insisted
Musgrave, “whether the working scientist can model a satisfactory solution
to his problem on previously obtained exemplary solutions to other
problems.”"® Musgrave also reviewed Kuhn’s denials over the charge of
irrationality and relativism ascribed to in the latter’s earlier positions. But
Musgrave admitted that he is “unconvinced” by Kuhn’s arguments and was
“disappointed” in Kuhn’s response to critics. “I find,” confessed Musgrave,
“the new, more real Kuhn who emerges in [his responses] but a pale
reflection of the old, revolutionary Kuhn.”'"*

Shapere agreed that Kuhn distances himself from the radical parts of
Structure’s first edition. Although he appreciated Kuhn’s efforts to bring
clarity to the paradigm concept through the distinction between discipli-
nary matrix and exemplars, he claimed that Kuhn failed to achieve the
goal. “This distinction, however,” observed Shapere, “is of little help to
those who found the earlier concept of ‘paradigm’ obscure.”' The
problem, contended Shapere, was not that readers of the 1962 Structure
did not recognize paradigm’s primary function as concrete puzzle-solving
but that Kuhn failed to provide adequate clarification on the relationship
of paradigm qua exemplar to paradigm qua disciplinary matrix and on
how paradigm qua exemplar guides scientific research.

Shapere also discussed Kuhn’s relativism. He agreed that Kuhn’s current
evolutionary spin on theory change is not relativistic; “but it is a far cry
from Kuhn'’s first-edition attack on the view of scientific change as a linear
process of ever-increasing knowledge.”'® Although Shapere acknowl-
edged that Kuhn claimed there are “good reasons” for persuading a group
to choose a particular theory, he was appalled that Kuhn equates these
reasons with values. Such a claim makes recourse to reason “gratuitous”
and he concluded that Kuhn’s position is “as relativistic, as antirational, as
ever.”'"” Finally, Shapere ended with a question reminiscent of the one he
asked Kuhn at the Urbana conference: “Do scientists . . . proceed as they
do because there are objective reasons for doing so, or do we call those
procedures ‘reasonable’ merely because a certain group sanctions
them?”'"® Shapere claimed that Kuhn’s position is the latter, for the com-
munity of practitioners is the locus of rationality.
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Chapter 5

What is Kuhn up to after Structure?

Structure’s success in attracting attention and inciting people’s imagina-
tion, as well as its failure to be understood properly, imprisoned Kuhn for
the remainder of his career in efforts to explain and clarify his original
intent and meaning. The specter of Structure was always before him, even
when he tried to put it behind him. In this chapter, Kuhn’s scholarship
after Structure is examined in three sections: historical studies, historio-
graphic studies, and metahistorical or philosophical studies.

Historical studies

Kuhn conducted two major historical studies after the 1962 Structure. The
first was on the origins of the Bohr atom, which was conducted in collabo-
ration with Heilbron. The authors provided a revisionist narrative of Bohr’s
path to the quantized atom, beginning with his 1911 doctoral dissertation
and concluding with his 1913 three-part paper on atomic structure. The
intrigue of this historical study was that within a six-week period in mid-
1912, Bohr went from little interest in models of the atom to producing a
quantized model of J. J. Rutherford’s atom and applying that model to
several perplexing problems. The authors explored Bohr’s sudden interest
in atomic models. They proposed that his interest stemmed from “specific
problems,” which guided Bohr in terms of both his reading and research
toward the potential of the atomic structure for solving these problems.'
The solutions to those problems resulted from what Heilbron and Kuhn
called a 1913 “February transformation” in Bohr’s research. What initiated
the transformation, claimed the authors, was that Bohr read a few months
earlier J. W. Nicholson’s papers on the application of Max Planck’s constant
to generate an atomic model. Although Nicholson’s model was incorrect, it
stimulated Bohr in the right direction. Then in February 1913, Bohr, in a
conversation with H. R. Hansen, learned the last piece of the puzzle. After
the transformation, Bohr completed the atomic model project within the
year. “Like any revolutionary contribution to science,” concluded Heilbron
and Kuhn concerning Bohr’s trilogy, “his ‘Constitution of Atoms and
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Molecules’ provided a program for research as well as a concrete research
achievement.”

The second historical study was on Planck’s black-body radiation theory
and the origins of quantum discontinuity. The transition from classical
physics, in which particles pass through intermediate energy stages, to
quantum physics, in which energy change is discontinuous, is traditionally
attributed to Planck’s 1900 and 1901 quantum papers. According to Kuhn,
this traditional account was inaccurate and the transition was initially
affected by Albert Einstein’s and Paul Ehrenfest’s independent 1906
quantum papers. Kuhn’s realization of this inaccuracy was similar to the
enlightenment he experienced when struggling with making sense of
Aristotle’s notion of mechanical motion. His initial epiphany occurred
while reading Planck’s 1895 paper on black-body radiation. Through that
experience, he realized that Planck’s 1900 and 1901 quantum papers are
not the initiation of a new theory of quantum discontinuity, but rather
they represent Planck’s effort to derive the black-body distribution law
based on classical statistical mechanics.

Kuhn’s narrative for the origins of quantum discontinuity began with
Planck’s search in the late nineteenth century to understand black-body
radiation in terms of the second law of thermodynamics. The result was
Planck’s 1896 paper on a radiation-damped resonator. Kuhn then
examined Ludwig Boltzmann’s statistical analysis of irreversibility, which
had an impact on Planck’s research beginning in 1898. Planck appropri-
ated Boltzmann’s analysis in the first stage of the black-body radiation
theory’s development. The second stage of its development began in 1900
and resulted in the derivation of the black-body distribution law. Accord-
ing to Kuhn, Planck introduced the constant k2 to account for the res-
onator’s cell size and not for its energy level. Consequently, Planck was not
thinking in terms of the quantization of energy levels. Kuhn concluded
the analysis with an examination of how Planck and his contemporaries
understood the revised black-body theory, which reached maturity in
1906. Up to 1906, Planck did not discuss the research on black-body
radiation in terms of discontinuity.

Kuhn turned to the proximate causes of the discovery of quantum dis-
continuity, which was initiated by Einstein’s and Ehrenfest’s realization
that the derivation of Planck’s black-body law required restricting res-
onator energy to discrete multiples. Although published in 1906, the
notion of discontinuity was not generally recognized, at least by German
physicists, until Lorentz’s 1908 lecture on the black-body radiation
problem to an assemblage of mathematicians in Rome. At the time, both
Einstein and Ehrenfest were relatively unknown and did not have
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Lorentz’s community stature. Kuhn next explored the events that led
Lorentz to adopt discontinuity to resolve the black-body problem. By the
end of 1910, most theoretical physicists followed Lorentz’s lead.

The black-body radiation research program, however, offered little
guidance for resolving discontinuities at the quantum level and was sub-
sequently dropped. Its successor was a research program focusing on
specific heat at low temperatures, which opened up new areas of research
undertaken by an international community of practitioners. Kuhn con-
cluded the study with an analysis of Planck’s “second” black-body theory,
first published in 1911, in which Planck used the notion of discontinuity
to derive the second theory. Rather than the traditional position that
represents the second theory as a regression on Planck’s part to classical
physics, Kuhn argued that it is the first time Planck incorporated into his
theoretical work “a theory he never came quite to believe.”

In the black-body radiation and quantum discontinuity historical study,
Kuhn did not use paradigm, normal science, anomaly, crisis, or incommen-
surability, which he championed in Structure. Critics, especially within the
history and the philosophy of science communities, were disappointed.
Commenting on the relationship between Structure and Black-Body Theory,
Martin Klein, for example, lamented the missed opportunity of using the
general theoretical framework from the former book to clarify and improve
the understanding of a specific revolutionary change detailed in the latter
book. Most reviewers commented on the absence. However, Peter Galison
justified its absence accordingly:

This is no accident, for as Kuhn often points out himself, he wears two
hats, one as a historian of science and the other as a philosopher of
science. In The Quantum Discontinuily he is writing as a historian of
modern physics.

Galison noted that the traditional view of black-body theory and
quantum history that served as a backdrop for Kuhn’s revisionist interpre-
tation were Klein’s and Hans Kangro’s work. Klein responded by criticiz-
ing Kuhn’s central thesis that Planck’s black-body theory was fully classical.

Planck did think that he had based his derivation on the accepted
theories—classical physics, as we say now . . . The energy elements or
quanta were an artifice but were nevertheless “the essential point” in
introducing that new natural constant 4 which he prized so highly from
the beginning . . . The quanta were there in his theory, nevertheless, and
some of his readers did draw attention to them.”
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Other scholars also questioned Kuhn'’s central thesis. For example, Abner
Shimony praised Kuhn for his analysis of Planck’s black-body theory, but
questioned his interpretation surrounding Einstein’s contribution to wave-
particle duality.

Reviewers also raised philosophical issues in Black-Body Theory. Shimony,
for example, commented on the issue of rationality in paradigm shift in
contrast to an irrational conversion. But he tempered his comments
writing: “In making a claim for the rationality of the intellectual processes
of leading investigators into the blackbody problem I am no means assert-
ing that there is a rigid algorithm for scientific inference.” Rather he
acknowledged the role of “informal” approaches and strategies to scien-
tific inference. Moreover, John Nicholas took the opportunity to criticize
Kuhn’s notion of normal science in terms of Planck’s research on black-
body radiation.

It may well be that normal science is more innovative than Kuhn origi-
nally allowed, and we have to look more closely at the role of novel
theory itself in transforming a mere puzzle into a crisis causing anomaly.
If there was a crisis, Planck’s theory was one of the causes, not one of the
effects.”

Kuhn bemoaned the book’s reception, even by its supporters, “as a
misfit, a problem child, among my publications.”8 However, he did
consider it his best historical study. Although Kuhn believed the evidence
supported the revisionist account of the discontinuity story, he made the
claim that the account “could be wrong. No single piece of available
evidence demands it,” continued Kuhn, “and evidence incompatible with
it could yet to be discovered . . . As it stands now, however, evidence for the
reinterpretation seems to me overwhelming.” He contended that the
counter-evidence rests upon a misunderstanding of Planck’s first deriva-
tion of the black-body distribution law. Planck distributed energy in a
manner reflecting an average and not a maximization, which represented
a short-cut in the derivation of the distribution law. It is taking this short-
cut, claimed Kuhn, which misled Planck’s readers.

Kuhn also explored the historiographic and philosophical issues raised
in Black-Body Theory vis-a-vis Structure. The historiographic issue that Black-
Body Theory addressed was the same first raised in Structure. In the latter
book, he claimed that current historiography attempts to understand a
previous period of scientific endeavor in terms of its contemporaries and
not in terms of modern science. Kuhn’s concern was more than historical
accuracy; rather, he was interested in recapturing the thought processes
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that lead to a change in theory. Although Structure was Kuhn’s articulation
of this process for scientific change, the terminology in which he
expressed the theory does not represent a rigid straightjacket for narrat-
ing history. For Kuhn, the terminology and vocabulary used in Structure
are not products, such as metaphysical categories, in which an historical
narrative must conform; rather, they have a different metaphysical
function as presuppositions toward an historical narrative as process.

Kuhn’s major historiographic lesson in Black-Body Theory was a method-
ological imperative: “Concerned to reconstruct past ideas, historians must
approach the generation that held them as the anthropologist approaches
an alien culture.”" Failure to heed this imperative is to engage in Whig or
ethnocentric history. The philosophical or epistemological lesson of Black-
Body Theory was that scientific progress is not simply the march toward a
truer understanding of natural phenomena; rather, it is an evolutionary
process in which knowledge is selected under current pressures of argu-
mentation and evidence. Kuhn provided a corollary to these historio-
graphic and philosophic lessons: “Entry into a discoverer’s culture often
proves acutely uncomfortable, especially for scientists, and sophisticated
resistance to such entry ordinarily begins within the discoverer’s own
retrospects and continues in perpetuity.”"!

This resistance often hinders reconstruction of the original discovery
and begins with a distortion of the discoverer’s and contemporaries’
memories of the discovery event. “Not always but quite usually,” observed
Kuhn, “scientists will strenuously resist recognizing that their discoveries
were the product of beliefs and theories incompatible with those to which
the discoveries themselves gave rise.”"® The distorted version of the
original discovery is often justified by invoking “confusion” on the part of
the participants in the original discovery, i.e. the fuzzy vision of an embry-
onic discovery that the discoverer eventually intuits. The reason this
“inauthentic” confusion is invoked to defend a distorted version of the
discovery, according to Kuhn, is to mask the fact that the discoverer does
not have an embryonic notion of the discovery and could not immediately
solve the anomalies arising from research under the older theory.

But what is gained from distorting a discovery? Discoveries are the bricks
used to build the edifice of science, and a scientist’s reputation reflects the
number of bricks personally contributed to that edifice. Revising (distort-
ing) discoveries makes it easier to justify or credit the discoverer, even
though, as Kuhn noted, there is often tremendous debate over the priority
of a discovery. For Kuhn, the distortion damages both the image of science
and the development of scientific knowledge. Under the distorted image,
science is a cumulative, linear process that produces a continuous
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stockpile of static scientific knowledge. According to Kuhn, however,
science should be viewed as a complex process by which knowledge
emerges from the assimilation of anomalies into a new way of doing
science.

Historiographic studies

The purpose of history of science, according to Kuhn, is not just getting
the facts straight but providing philosophers of science with a more
accurate image of science to practice their trade. Kuhn fervently believed
that the new historiography of science would prevent philosophers from
engaging in the excesses and distortions prevalent within traditional phi-
losophy of science. He envisioned history of science informing philosophy
of science as an historical philosophy of science rather than the history
and philosophy of science, since the relationship was asymmetrical.

Prior to 1950 history of science was a discipline practiced mostly by
eminent scientists, who generally wrote heroic biographies or sweeping
overviews of the discipline, often for pedagogical purposes. This earlier
history of science focused on, according to Kuhn, “the development of
science as a quasi-mechanical march of the intellect, the successive sur-
render of nature’s secrets to sound methods skillfully deployed.” Within
the past generation historians of science, such as E. J. Dijsterhuis,
Anneliese Maier, and Alexander Koyré, developed a history of science that
was simply more than chronicling science’s theoretical and technical
achievements. An important factor in that development was the recogni-
tion of institutional and sociological factors in the practice of science. An
important consequence of this historiographic revolution was the distinc-
tion between internal and external histories of science.

Internal history of science is concerned with the development of the
theories and methods employed by practicing scientists. In other words, it
studies the history of events, people, and ideas internal to science’s
advance. The historian as internalist attempts to climb inside the mind of
scientists as they push forward the boundaries of their discipline. As Kuhn
advised, “the historian should ask what his subject thought he had discov-
ered and what he took the basis of that discovery to be.”"*

External history of science concentrates on the social and cultural
factors that impinge on the practice of science. There are three types of
external history. The first is the analysis of institutional history, especially
of scientific societies and organizations. The second is intellectual history,
which examines the impact of scientific ideas on the development of
western thought. For Kuhn, this type of history represented a need to close
the gap between histories of ideas and science. The third is most recent
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and involves the development of science within a well-defined geographic
location. An example of this type is the development of science in
seventeenth-century England.

For Kuhn, the distinction between internal and external histories of
science mapped onto his pattern of scientific development. External or
cultural and social factors are important during the science’s initial estab-
lishment; however, once established, the problems addressed by practi-
tioners of a mature science are no longer influenced by those factors “but
by an internal challenge to increase the scope and precision of the fit
between existing theory and nature.”” Although external factors do not
affect a mature science’s problems, they do have an impact on other
aspects of its development, such as the timing of new technologies. Impor-
tantly for Kuhn, the internal and external approaches to the history of
science were not necessarily mutually exclusive but complementary.

According to Kuhn, the major impact of the new historiography was a
clearer picture of science itself. Although the new history had little rele-
vance for the actual practice of science, it would have an indirect impact
on science education, administration, and policy. The new history of
science would also influence the philosophy of science by providing a new
image of science distinct from the traditional image, resulting in a differ-
ent set of problems for future philosophers to resolve. Another discipline
that would benefit from the new history of science was sociology, which
can “learn from history something about the shape of the enterprise they
investigate.”"

Besides interest over historiographic issues for the historians of science,
Kuhn was also concerned over these issues for philosophers of science.'”
His concern was deeply personal.

History might . . . be relevant to the philosopher of science and perhaps
also to the epistemologist in ways that transcend its classical role as a
source of examples for previously occupied positions. It might, that is,
prove to be a particularly consequential source of problems and of
insights."

Although Kuhn considered himself a practitioner of both the history
and the philosophy of science, he believed that there is no separate disci-
pline as the history and philosophy of science for a very practical reason.
Crassly put, the goal for history is the particular while for philosophy the
universal. Kuhn compared the differences between the two disciplines to
a duck-rabbit gestalt switch. In other words, the two disciplines are so
fundamentally different in terms of their goals for the analysis of science,
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that the resulting images of science are incommensurable. Moreover, to
see the other discipline’s image requires a conversion. For Kuhn, then, the
history and the philosophy of science cannot be practiced at the same time
but only alternatively, and then with difficulty.

“Given the deep and consequential differences between the two enter-
prises,” Kuhn asked, “what can they have to say to each other?”" His
answer had two parts. The first was the need of historians of science for
philosophy as an analytic tool. Kuhn quickly clarified this part of the
answer by denying that historians of science need to be conversant with
contemporary philosophy of science, since the ideas of the latter disci-
pline, “as the field is currently practiced in the English-speaking world,
include little that seems to me relevant to the historian.”® According to
Kuhn, contemporary philosophy of science provided a distorted image of
science that might mislead historians. The second part was the need of
philosophers of science for history of science. “I deeply believe,” stated
Kuhn, “that much writing on philosophy of science would be improved if
history played a larger background role in its interpretation.” Impor-
tantly, the history of science Kuhn had in mind was intellectual, and not
social, history.

How then can the history of science be of use to philosophers of science?
The answer is by providing an accurate image of science. Rejecting the
“covering law model” for historical explanation because it reduces histori-
ans to social scientists, Kuhn advocated an image based on an ordering of
historical facts into a narrative analogous to the one he proposed for
puzzle-solving under the aegis of a paradigm in the physical sciences.

If history is explanatory, that is not because its narratives are covered by
general laws. Rather it is because the reader who says, “Now I know what
happened,” is simultaneously saying, “Now it makes sense; now I under-
stand; what was for me previously a mere list of facts has fallen into a
recognizable pattern.””

Historians of science, as they narrate change in science, provide an image
of science that reflects the process by which scientific information
develops, rather than the static image provided by traditional philoso-
phers of science in which scientific knowledge is simply a product of logic.
Kuhn insisted that the history of science and the philosophy of science
remain distinct disciplines, so that historians of science can provide an
image of science to correct the distortion produced by philosophers of
science.

Besides traditional philosophy of science, the social history of science,
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according to Kuhn, also provides a distorted image of science: “the
social/institutional history of science has shown that more than the inter-
play of observation and reason is important to an understanding of the
shape and direction of scientific advance.” For social historians, scientific
knowledge is “constructed.” Although Kuhn was sympathetic to this type
of history, he believed it left some very important questions unanswered,
such as “What are the materials out of which these constructions are
made?,” or, more importantly from Kuhn’s view, “What is the relation
between older constructions and their newer replacements, the relation
that makes the latter seem much more powerful than the constructions
they replace?”* Moreover, he found its stronger form as unsatisfactory as
he did the intellectual history of science. Kuhn believed that the diver-
gence between these two approaches to the history of science creates a
“gap,” which he challenged historians of science to fill.

Besides social historians of science, Kuhn also blamed sociologists of
science for distorting the image of science. Although Kuhn acknowledged
that factors such as interests, power, authority, among others, are impor-
tant in the production of scientific knowledge, their predominant use by
sociologists eclipse other factors such as nature itself. The key to rectifying
the distortion introduced by sociologists is to shift from a rationality of
belief, i.e. the reasons people hold specific beliefs, to a rationality of
change of beliefs, i.e. the reasons people change their beliefs. This shift
introduced three differences that can be harnessed to correct the distor-
tion. First, from a rationality of change the reasons for the shift in posi-
tions can be based on neutral observations but only for a specific
community, at a given time. The next difference is that the change occurs
in small incremental steps, although the overall change may appear large.
The final difference is that change in beliefs is based upon a comparison
of the beliefs with each other. According to Kuhn, truth as correspon-
dence is not required to account for change. The end product of this shift
is the same as the sociologists’—"facts are not prior to conclusions drawn
from them and those conclusions cannot claim truth—but the route is dif-
ferent. .. Nothing along that route,” claimed Kuhn, “has suggested replac-
ing evidence and reason by power and interest.”® Science for Kuhn is not
a monolithic enterprise.

Rather it should be seen as a complex but unsystematic structure of
distinct specialties or species, each responsible for a different domain of
phenomena, and each dedicated to changing current beliefs about their
domain in ways that increase accuracy and other standard criteria.”
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The proper means for articulating that image of science is through an
historical philosophy of science.

Metahistorical studies

Besides the historiographic issues, Kuhn was particularly concerned with
the metahistorical or philosophical issues derived from his historical
research. The chief concerns during his career were scientific develop-
ment and the related issues of theory choice and incommensurability,
which he addressed through an historical philosophy of science. Impor-
tantly for Kuhn, both theory choice and incommensurability are inti-
mately related. The former could not be reduced to an algorithm of
objective rules but requires subjective values because of the latter.
Although Kuhn delivered several lectures and published several articles
on these concerns, his ultimate goal was a book that would extend the
discussion began in Structure—a goal not realized in his lifetime.

Scientific development

Kuhn explored scientific development using three different approaches.
The first was in terms of problem- versus puzzle-solving. According to
Kuhn, “problems are vexing questions, often urgent ones, to which one
scarcely knows what an answer would look like, much less how to go about
finding one.”” Problems are of two kinds. First is the intellectual problem,
which vexes not only scientists but also philosophers. Such problems
include the nature of consciousness, life, or matter. The second kind is
more social than intellectual in nature, including environmental issues
and world peace. “Nothing,” wrote Kuhn, “about the existence of a
problem guarantees that there even is a solution.” Problem-solving is
often generally pragmatic, i.e. “try it and see if the problem disappears.”
According to Kuhn, problem-solving is the hallmark of an underdevel-
oped science.

Puzzles, on the other hand, occupy the attention of scientists involved in
a mature science. Although they have guaranteed solutions, the methods
for solving puzzles are not. The scientists, then, who solve them, demon-
strate their ingenuity and are rewarded by the community. Puzzle solutions
are also immediately evident to the community; no one debates whether
they are correct, because of “a shared body of rules.”” There are two types
of puzzles. The first is the “exemplary” puzzle, in which a solution is
actually known, and is used to train students. The other puzzle type
occupies practicing scientists, in which the solution is only potentially
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known. Thus, the goal of puzzle-solving is not novelty but “to clarify
existing theory, show how to extend it into areas where no one has made
it work before, attempt to reconcile it with theories applied to other
areas.””

With this distinction in mind, Kuhn now envisioned the transition of a
scientific discipline from an underdeveloped state to a developed one as
“the transition from a problem-solving to a puzzle-solving tradition.”** But
the question arises: “how does the transition from problem solving to
puzzle solving get made?”* The answer that many took from Structure was,
adopt a paradigm. Kuhn now found this answer to be “wrong” in that par-
adigms are not unique only to the sciences. But does articulating the
question in terms of puzzle-solving help? Apparently not! “And to the
person who persists, who wants to know what it would take to turn a given
field to puzzle solving, I'm going finally to have to say,” admitted Kuhn,
“that I haven’t a clue.”® The only solace Kuhn offered is that the person
has a “PROBLEM!” His advice was to “try thing one [sic] after another, live
with each and see how it works out, see if the problem goes away.”

Kuhn'’s second approach to scientific development was in terms of the
“growth” of knowledge. He proposed an alternative answer to the tradi-
tional one that knowledge grows by a piecemeal accumulation of facts. To
shed light on the alternative answer, Kuhn offered a different reconstruc-
tion of science. First, the central ideas of a science “lock together, lending
each other mutual support.”36 Second, a set of the central ideas that
interlock forms the “core” of a particular science. “Roughly speaking,”
stated Kuhn, “the core of a theory is the group of its parts that can’t be
removed or changed individually without creating havoc in a large part of
the surrounding terlritory.”?’7 Besides the core, there is also a “periphery”
in which “the elements in it are only constrained, and not determined by
the core.” The periphery represents an “area” where problems associated
with a research tradition can be investigated “without doing violence to
the core.”

Kuhn drew parallels between the current reconstruction of science and
the earlier one in Structure. Obviously, the transition in cores from one
research tradition to another is a scientific revolution. Moreover, the core
represents the paradigm that defines a particular research tradition.
Finally, the periphery is identified with normal science. Kuhn then
confessed that the current reconstruction puts him

back where I started some years ago, with one possible exception. I'm
not sure whether it should be described as a novelty or a source of clar-
ification, but this way of putting my points does indicate, far better than
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my old one, what I take the source of a paradigm’s authority to be. Why
people seem to get so locked into them.*

A paradigm’s authority resides not in the community’s “conservatism,” or
“habit,” or in “a special authoritarian Establishment,” or even the
paradigm’s predictive power. Rather, its authority is the interlocking or
coherence of its core’s ideas. “To change a component of the core,”
claimed Kuhn, “one must change many others at the same time, produce
a new and different core.”* The core then provides the means by which
to practice science and to change it involves a traumatic event that is
naturally resisted by practitioners.

Is this change in the core, growth of knowledge? To answer the question,
Kuhn examined the standard account of knowledge as justified, true
belief. “My difficulty with the standard doctrine,” admitted Kuhn, “has
been that it’s ultimately unilluminating or too little illuminating, with
respect to the difference between the circumstances under which one may
properly make a belief and a knowledge claim.”* What is problematic is
the amount or nature of the evidence needed to distinguish between
knowledge and belief. And this, of course, raises the issue of truth. “But
since we can’t tell . . . whether the object of a knowledge claim is in fact
true,” contended Kuhn, “we’re left as puzzled as ever about the nature of
the circumstances under which we may appropriately claim knowledge.”*

To address the question, Kuhn relied on John Austin’s distinction
between “Why do you believe?” and “How do you know?” While the former
question is answered in terms of the evidence, “knowing that,” the latter is
answered with respect to one’s credentials, “knowing how.” But Kuhn ulti-
mately equivocated on the question of the growth of knowledge. “If by
‘knowledge’ we mean knowing how,” claimed Kuhn, then the question can
be answered afﬁrmatively.44 “On the other hand,” insisted Kuhn “if we
mean by ‘knowledge’ the more usual ‘knowledge that’ . .. then I think the
answer must be that it does not grow.”* He admitted that such knowledge
changes; however, he saw “no evidence at all of growth or even of some
asymptotic approach to a final state.”*

Kuhn’s final approach to scientific development was through the
analysis of three scientific revolutions: the shift from Aristotelian to
Newtonian physics, Volta’s discovery of the electric cell, and Planck’s
black-body radiation research and quantum discontinuity. From these
examples, Kuhn derived three characteristics of scientific revolutions. The
first is holistic. According to Kuhn, a scientific revolution’s “central change
cannot be experienced piecemeal . . . Instead, it involves some relatively
sudden and unstructured transformation in which some part of the flux of
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experience sorts itself out differently and displays patterns that were not
visible before.”” In other words, scientific revolutions are all-or-none
events.

The second feature is the way referents change after a revolution.
According to Kuhn, “the distinctive character of revolutionary change in
language is that it alters not only the criteria by which terms attach to
nature but also, massively, the set of objects or situations to which those
terms attach.”® He introduced the notion of “taxonomy” to explicate the
redistribution of objects after a revolution. “What characterizes revolu-
tions is, thus, change in several of the taxonomic categories prerequisite to
scientific descriptions and generalizations.” And these categories for a
particular tradition represent a whole, which is rooted in language; for it
is through language that terms are assigned to categories. “Language is a
coinage with two faces,” analogized Kuhn, “one looking outward to the
world, the other inward to the world’s reflection in the referential
structure of the language.”

The final characteristic of scientific revolutions involves “a central
change of model, metaphor, or analogy—a change in one’s sense of what
! Through similarity relation-
ships students and members of a community learn the meanings of words
and taxonomic categories of objects, which populate the world. Thus, two

is similar to what, and of what is different.

types of knowledge are learned: that of words and that of the world. Kuhn
concluded:

If I am right, the central characteristic of scientific revolutions is that
they alter the knowledge of nature that is intrinsic to language itself and
that is thus prior to anything quite describable as description or gener-
alization, scientific or everyday . . . Violation or distortion of a previously
unproblematic scientific language is the touchstone for revolutionary
change.”

Theory choice

According to tradition, the objective features of a good scientific theory
include accuracy, consistency, scope, simplicity, and fecundity. However,
these features when used individually as criteria for theory choice, argued
Kuhn, are imprecise, in that scientists “may legitimately differ about their
application to concrete cases.” Moreover, these criteria may conflict with
one another. Although necessary for theory choice they are, for Kuhn,
insufficient. “One can explain,” he claimed, “as the historian characteris-
tically does, why particular men made particular choices at particular
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times. But for that purpose one must go beyond the list of shared criteria
to characteristics of the individuals who make the choice.”* These char-
acteristics of the individual scientists include personal experiences or biog-
raphy and personality or psychological traits. In other words, not only does
theory choice rely on a theory’s objective features but also on individual
scientists’ subjective characteristics.

Why have traditional philosophers of science ignored or neglected sub-
jective factors in theory choice? Part of the answer is that they confined the
subjective to the context of discovery, while restricting the objective to the
context of justification. Kuhn insisted that this distinction does not fit
observations of actual scientific practice. It is artificial, reflecting science
pedagogy. “In science teaching,” explained Kuhn, “theories are presented
together with exemplary applications, and those applications may be
viewed as evidence.”” But actual scientific practice reveals that textbook
presentations of theory choice are stylized to convince students who rely
on the authority of their instructors. What else can students do? Textbook
science discloses only the product of science, not its process. For Kuhn,
since subjective factors are present at the discovery phase of science, they
must also be present at the justification phase.

“What the tradition sees as eliminable imperfections in its rules of
choice,” asserted Kuhn, “I take to be in part responses to the essential
nature of science.” For Kuhn this meant that the objective criteria
function as values, which do not dictate theory choice but rather influence
it. Values help to explain scientists’ behavior, claimed Kuhn, which for the
traditional philosopher of science may at times appear irrational. Most
importantly, values account for the disagreement over theories and help to
distribute risk during debates over theories. Kuhn’s position had impor-
tant consequences for the philosophy of science:

theory choice, too, can be explained only in part by a theory which
attributes the same properties to all the scientists who must do the
choosing. Essential aspects of the process generally known as verification
will be understood only by recourse to the features with respect to which
men may differ while still remaining scientists. The tradition takes it for
granted that such features are vital to the process of discovery, which it
at once and for that reason rules out of philosophical bounds. That they
may have significant function also in the central problem of justifying
theory choice is what philosophers of science have to date categorically
denied.”
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Kuhn maintained that critics misinterpreted his position on theory
choice as subjective. For them, the term denotes a matter of taste that is
not rationally discussable. But his use of the term does involve the dis-
cussable with respect to standards. Moreover, Kuhn denied that facts are
theory independent and that there is a strictly rational choice to be made.
Rather, he contended:

that communication between proponents of different theories is
inevitably partial, that what each takes to be facts depends in part on the
theory he espouses, and that an individual’s transfer of allegiance from
theory to theory is often better described as conversion than as choice.”

In other words, scientists do not choose a theory based on objective

criteria alone but are converted based on subjective values as well.
Hempel criticized Kuhn’s approach to theory choice, arguing that

Kuhn’s values function “as justifying in a near-trivial way the choosing of

5/

theories.” Kuhn took exception to Hempel’s evaluation of “near-trivial”
and defended the role of subjective values in theory choice. To that end,
he relied on two characteristics of language. The first is “local linguistic
holism.” This is the notion that terms are not learned in isolation from
each other but in clusters. The second is that some terms are necessary in
a fundamental sense, which Kuhn failed to specify analytically, and that
any change in their meaning changes the meaning of other contingent
terms.

Kuhn employed an analogy in which he demonstrated how the term
“science,” for example, is determined. He noted that in terms of local
linguistic holism, “one recognizes a group’s activity as scientific (or artistic,
or medical) in part by its resemblance to other fields in the same cluster and
in part by its difference from the activities belonging to other disciplinary
clusters.” For the term “science,” or for any linguistic term, then, there is
a referent with certain properties that determines its usage,

so picking out the referents of the modern vocabulary of disciplines
requires access to a semantic field that clusters activities with respect to
such dimensions as accuracy, beauty, predictive power, normativeness,
generality, and so on. Though a given sample of activity can be referred
to under many descriptions, only those cast in vocabulary of disciplinary
characteristics permit its identification as, say, science; for that vocabu-
lary alone can locate the activity close to other disciplines other than
science. That position, in turn, is a necessary property of all referents of

the modern term “science”.!
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Kuhn made a similar argument for the role of values in theory choice.
Just as a person can demarcate one discipline a science and another not,
so a scientist can decide between two scientific theories. But is this position
irrational? No, claimed Kuhn, because the two terms, rational and justifi-
cation, are part of the same cluster of terms. Thus to speak of rational
justification is to engage in redundancy. He needed to meet only one of
the terms in order to meet both. Kuhn’s concern was not for justifying
learning from experience but for explaining “the viability of the whole
language game.”®

Although Hempel found Kuhn’s defense illuminating, he still had a
major reservation. “Kuhn’s construal presupposes” he claimed, “the avail-
ability of a widely shared language-cum-theory about science—a dubious
assumption, considering the conflicting conceptions of science in vogue
today.”® Thus, the issue for Hempel, as for a scientist attempting to choose
between two competing theories, was which language counts? Hempel
admitted that although critical reasoning cannot yield unconditional
justification, it still is required.

Kuhn took another approach to theory choice by illustrating the change
the new historiography brings to the epistemological question for philoso-
phers of science. That change for Kuhn was a developmental process for
the generation of scientific knowledge. The epistemological question for
traditional philosophers was, “Why should one believe a given body of
knowledge claims?” But now historically enlightened philosophers ask,
“Why should one shift from one body of knowledge claims to another?”*
The answer to the latter question does not involve evaluative criteria as
absolutes, when comparing a theory to the empirical evidence. Rather,
such criteria function in the comparison of one theory with another, in
terms of such evidence.

Finally, Kuhn discussed theory choice with respect to the incommensu-
rability thesis. The question he entertained is what type of communication
is possible among community members holding competing theories.
“Clearly,” answered Kuhn, “communication could not be full.”®® This
raised a second, and more important, question for Kuhn and his critics:
“Can good reasons for preferring one theory to another nevertheless be
transmitted across the lexical divide?”® The answer would be straightfor-
ward if the divide was complete, but it is not. Rather, there is considerable
overlap or homology among the lexicons of competing theories. For
Kuhn, this situation meant that ultimately reasonable evaluation of the
empirical evidence is not compelling for theory choice and, of course,
raised the charge of irrationality, which he denied.
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Incommensurability thesis

Kuhn claimed that there are two common misconceptions of his version
of the incommensurability thesis. The first is that if two incommensurable
theories cannot be stated in a single language, then how can they be
compared so as to choose between them? The second is that if an older
theory cannot be translated into modern expression, how then can
anyone talk about it meaningfully?

Kuhn addressed the first misconception by distinguishing between the
literal sense of incommensurability as “no common measure” and his sense
as “no common language.” “The claim that two theories are incommensu-
rable,” according to Kuhn, “is then the claim that there is no language,
neutral or otherwise, into which both theories, conceived as sets of sen-
tences, can be translated without residue of loss.”®
are “homophonic” and can have the same meaning in two competing

8 Most theoretical terms

theories. Only a handful of terms are incommensurable or untranslatable.
Kuhn considered this a more modest version of the incommensurability
thesis, calling it “local incommensurability” and claimed it was originally his
intention. Although there may be no common language to compare terms
that change their meaning during a scientific revolution, there is a partially
common language composed of the invariant terms that do permit some
semblance of comparison. Thus, the first criticism fails. But, and this was
Kuhn’s main point, there is a residue that is still unaccounted for even with
the use of the partially common language.”

As for the second misconception, Kuhn claimed that critics conflate the
difference between translation and interpretation. The conflation is
understandable since translation often involves interpretation. Translation
for Kuhn is the process by which a “translator systematically substitutes
words or strings of words in the other language for words or strings of
words in the text in such a way as to produce an equivalent text in the
other language.”” Interpretation, however, involves attempts to make
sense of a statement or to make it intelligible. Incommensurability, then,
does not mean that a theoretical term cannot be interpreted, i.e. cannot
be made intelligible; rather, it means that the term cannot be translated,
i.e. there is no equivalent for the term in the competing theoretical
language. In other words, in order for the theoretical term to have
meaning the scientist must go “native” in its use.

Kuhn also took issue with Quine’s translation manual with respect to the
context in which a term in one language is substituted for a term in
another language.” First, a term may be ambiguous vis-a-vis context, i.e. a
term may have more than one meaning and the context is required to
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determine it. Second, a term in one language is conceptually disparate
from a term in another language, i.e. a term in one language is not equiv-
alent to any other term in another language. In other words, translation is
not possible because the intention or sense of a term in one language
cannot be captured by a term in another language. Thus, translation for
Kuhn required more than simply identifying a term’s referent; it required
also identifying its intention. In fact, a term’s intention is the basis for its
referring since it is responsible for structuring the world. A translation for
Kuhn then must preserve not only a term’s referent but also its intention
or sense. Quine’s translation manual fails, then, because it considers only
the ambiguity of terms and not their intention.

Kuhn introduced the notion of a lexicon and its attendant taxonomy to
capture both a term’s reference and intention or sense. In the lexicon,
there are referring terms that are interrelated to other referring terms
(the holistic principle). Now the lexicon’s structure of interrelated terms
resembles the world’s structure in terms of its taxonomic categories. The
lexicon then can be used to describe and explain the world in terms of this
taxonomy. And members of a community or of different communities
must share the same lexicon, if they are to communicate with one another:
“their taxonomic structures must match, for where structure is different,
the world is different, language is private, and communication ceases until
one party acquires the language of the other.””> Moreover, claimed Kuhn,
if full translation is to be possible, the two languages must share a similar
structure for their respective lexicons. Incommensurability, then, reflects
lexicons that have different taxonomic structures by which the world is
carved up and articulated differently.

Entrance into a scientific community requires acquisition of its lexicon.
For the lexicon not only specifies terms but also provides the taxonomic
groups that carve up the world. “To acquire a lexicon is thus to acquire a
taxonomy,” wrote Kuhn, “a knowledge of the sorts of objects and situations
that do and do not populate the corresponding world.”” Moreover, acqui-
sition of the lexicon occurs through a holistic process, i.e. “both referring
expressions and the features that permit the identification of their refer-
ents must ordinarily be learned, not one-by-one, but in interrelated,
mutually dependent steps.””*

Since the lexicon provides an entry into a professional community, “it is
thus constitutive of the beliefs about which the community members may
agree and disagree.”” Moreover, since terms in the lexicon are intercon-
nected to each other, changes in one part of the lexicon reverberate
throughout the entire lexicon. According to Kuhn,
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what changes for the group is not experience, but the learned prerequi-
sites of experience, the conceptual vocabulary or lexicon through which
group members exchange experience and recognize their experience as
the same. To say that the lexicon is constitutive of beliefs about the world
is to say that it is constitutive of what may be experienced in it.”

Importantly, the lexicon, for Kuhn, does not determine the community’s
belief but rather it “is constitutive of what beliefs there can be discourse
about, or evidence for, and that some key steps in the development of
knowledge require changes in that constitutive foundation.””’

Entries within a lexicon occupy a “feature space within which the refer-
ents of different terms cluster into distinction regions.”” According to
Kuhn, there is a specific distance among each lexical entry, such that those
within a common taxonomic group are closest to each other than those
within different groups. Kuhn called this distance a “similarity/difference

metric.” This metric allows comparison between lexical entries and

provides the lexicon with a structure determined by the relative dis-
tances between the nodes at which the referents of terms cluster and to
which the names of those referents are attached. Think of the structure,
if you will, as a multi-dimensional lattice of nodal points, each labeled by
a referring term and all interconnected by lines of different but deter-
minate length.”

Corresponding with each feature of a particular lexical space, Kuhn
claimed there is a “verbalizable generalization,” which points in two direc-
tions. The first is into the lexicon itself and forms part of lexicon’s struc-
ture. The second is into the world, occupied by the entities to which the
terms refer. “Until one has assimilated a considerable number of such
generalizations, articulated or not,” contended Kuhn, “one cannot use the
corresponding part of language.”™ Besides the constitutive elements within
a lexicon, there are also contingent elements. And there is no “decision
procedure” to demarcate between them. Moreover, unobservable entities
also occupy feature spaces within a lexicon.

Kuhn also addressed a problem that involves communication among
communities, who hold incommensurable theories, or across the histori-
cal divide. Kuhn noted that once “a community’s lexicon has changed,
some of the community’s previously constituted beliefs can no longer even
be described.”™ But this does not deter members from reconstructing
their past in the current lexicon’s vocabulary. Such reconstruction obvi-
ously plays an important function in the community. But the issue is that,
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given the incommensurable nature of theories, assessments of true and
false or right and wrong are unwarranted, for which critics charged Kuhn
with a relativist position—a position he is less inclined to deny.

The charge stemmed from the fact that Kuhn advocated no privileged
position from which to evaluate a theory. Rather, evaluations must be
made within the context of a particular lexicon. “Evaluations that can
justify truth values,” claimed Kuhn, “must always presuppose the lexicon
with which the statements to be evaluated were framed.”® Thus, evalua-
tions are relative to the relevant lexicon. But Kuhn founded the charge of
relativism trivial. “Perhaps that position is relativistic,” admitted Kuhn,
“but, if so, what has been lost?”®® The answer, according to Kuhn, was not
much: “Neither Descartes nor anyone else ever succeeded in wiping the
slate clean, building up knowledge item by item from sure foundations.
There are no such foundations.”

Kuhn acknowledged that his position on the relativity of truth and objec-
tivity, with regards to the community’s lexicon, left him no option but to
take literally “my repeated locution that the world changes with the
lexicon.” But is this an idealist position? Kuhn admitted that it appears to
be, but he claimed that it is an idealism like none other. On the one hand,
the world is composed of the community’s lexicon, but on the other hand,
“it is a world with sufficient solidity to confute those who would bend it to
their individual interests or their individual worlds.”™ “Perhaps it is an
idealist’s world nonetheless,” confessed Kuhn, “but it feels very real to

me‘”87

Word and Worlds: An Evolutionary View of Scientific Developments

Kuhn’s goal was to address the philosophical issues left over from Structure,
especially the incommensurability thesis.

No other aspect of Structure has concerned me so deeply in the thirty
years since the book was written, and I emerge from those years feeling
more strongly than ever that incommensurability has to be an essential
component of any historical, developmental, or evolutionary view of
scientific knowledge.*

For Kuhn the incommensurability thesis was required to defend rational-
ity from the postmodern developments. Kuhn’s proposed book is divided
into three parts, with three chapters in each.

In the first part, Kuhn framed the problem of incommensurability. In
the first chapter, “Scientific knowledge as historical product,” he pre-
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sented an evolutionary view of scientific development—as the book’s
subtitle portends. For an evolutionary epistemology, claimed Kuhn, “sci-
entific development must be seen as a process driven from behind, not
pulled from ahead—as evolution from, rather than evolution towards.”?
This evolutionary metaphor has significant implications for foundational-
ism and the correspondence theory of truth, notions that Kuhn felt were
no longer relevant to contemporary philosophy of science. Without an

“Archimedean platform” to guide theory assessment, Kuhn proposed that:

the only procedures available for evaluating a proposed change in
current scientific knowledge require comparison of the body of know-
ledge which existed before the change with the mostly identical body of
knowledge which would replace it if the change were accepted.”

In the next chapter, “Breaking into the past,” Kuhn examined the
problems associated with examining past historical studies in science.
Based on the three case studies presented in “What are scientific revolu-
tions?,” Kuhn stated that anomalies in older scientific texts can be under-
stood only through an “interpretative ethnographic or hermeneutical
reading.” A vital component of the interpretive reading is “the discovery
that some sets of interrelated words in the texts under scrutiny once func-
tioned in ways systematically different from the ways in which they later
came to be used.” He had now laid the spade work for examining the
incommensurability thesis.

In chapter 3, “Taxonomy and incommensurability,” Kuhn discussed
changes in word meanings as changes in a taxonomy embedded in a
lexicon. The result of these changes is an untranslatable gap between two
incommensurable theories. “The way to close the resulting gap,” asserted
Kuhn, “is language learning, a process which terminates not in universal
translatability but in bilingualism.”* He retreated from the inclusively of
the earlier language metaphor that grounded the thesis’ articulation.
Kuhn proposed a more chastened version of the thesis that is limited to
“the meanings of a restricted class of terms. Roughly speaking, they are
taxonomic terms or kind terms, a widespread category that includes
natural kinds, artifactual kinds, social kinds, and probably others.” Kind
terms are also non-overlapping with respect to referents. Incommensura-
bility, then, is located to these non-overlapping kind terms of separate
lexical taxonomies. For a change in the meaning of a kind term results in
a restructuring of a lexical taxonomy. Thus, for communication to occur
between different communities they must share the same lexicon.

Kuhn continued to explore the nature of a community’s lexicon in the
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second part, “The lexicon and its cognitive content.” That nature is expli-
cated in terms of a theory of taxonomic categories. These categories are
grouped as “contrast sets” and there is no overlap of categories within the
same contrast set, which Kuhn called the “no-overlap principle.” Moreover,
the properties of the categories are reflected in the properties of their
names: “Names of categories are identifiable as taxonomic terms by lexical
"% A term’s meaning then is a function of its taxonomic
category. “It follows,” declared Kuhn, “that no lexicon may be enriched by
adding a term that shares referents with another term in the same contrast

characteristics.

set.”” Hence, this restriction was the origin of untranslatability.

In chapter 4, “Substances, sortals, and the no-overlap principle,” Kuhn
discussed the nature of substances in terms of their sortal predicates. This
move allowed Kuhn to introduce plasticity into the use of the lexicon: “No
two people need to use the same sets of differentiating features in picking
out individuals, but they must use differentia that pick out the same indi-
viduals.” Moreover, the differentiating set is not strictly conventional but
relies on the world to which the “differentia” connect. In the next chapter,
Kuhn extended the lexicon to artifacts, abstractions, and theoretical
entities.

And in the last chapter of this part, he specified the means by which
community members acquire a lexicon and “the nature and status of the
knowledge of nature that possession of a lexicon necessarily provides.””
According to Kuhn, there are five ways by which members acquire a
lexicon. First, they must already possess a vocabulary about physical
entities and forces. Next, definitions play little, if any role, in learning new
terms; rather, those terms are acquired through ostensive examples,
especially through problem-solving and laboratory demonstrations. “The
learning that results from such a process,” explained Kuhn, “is not,
however, about words alone but equally about the world in which they
function.”” Third, a single example is inadequate to learn the meaning
of a term; rather, multiple examples are required. Fourth, acquisition of a
new term within a statement also requires acquisition of other new terms
within that statement. Lastly, students can acquire the terms of a lexicon
through different routes.

In the concluding part, “Reconstructing the world,” Kuhn discussed
what occurs during a change in the lexicon and the implications for sci-
entific progress. In chapter 7, he examined the means by which lexicons
change and the repercussions this has for communication among groups
with different lexicons. Moreover, he explored the role of arguments in
lexical change. In the following chapter, Kuhn identified the type of
progress achieved with changes in lexicons. He maintained that progress
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is not the type that aims at a specific goal: “Phrases like ‘cutting nature
closer to its joints’ cannot be fitted to the evolutionary character of
scientific development. But a more instrumental concept of progress
fits scientific development well.”'"!

In the final chapter, “What’s in a real world?,” Kuhn addressed the rela-
tionship between a lexicon and reality. “Insofar as the structure of the
world can be experienced and the experience communicated,” wrote
Kuhn, “it is constrained by the structure of lexicon of the community
which inhabits it.”'”” Although the structure of the lexicon dictates the
world’s structure, Kuhn denied that his position depends on a mind-
dependent world, which is constructed. Rather, claimed Kuhn, the world
“is entirely solid; not in the least respectful of an observer’s wishes and
desires; quite capable of providing decisive evidence against an invented
hypotheses which fail to match its behavior.”'"

But Kuhn was not concerned with absolute truth but with adaptability.
The world is, as it were, a niche and science helps a community adapt to
it. Kuhn described his approach to science and scientific development as
“post-Darwinian Kantianism.” The lexical taxonomies are similar to Kant’s
categories in that both make experience possible and intelligible.
However, the lexical categories can change. And supporting change in
lexical taxonomies is “something permanent, fixed, and stable. But, like
Kant’s Ding-an-sich, it is ineffable, undescribable, undiscussible.”'”* Kuhn
broached the issues of relativism and realism not in traditional terms of
truth and objectivity but rather in terms of “stateability.” They can be
neither true nor false, for their stateability is relative to the historical com-
munity. Thus, according to Kuhn, statements from incommensurable
theories that cannot be translated are ultimately “ineffable”—much like
the ineffable Aunt E—.
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Chapter 6

What is Kuhn'’s legacy?

It is safe to say that there is not an academic discipline not influenced by
Kuhn’s paradigm. “Like a virus,” observed Horgan, “the word had spread
beyond the history and philosophy of science and infected the intellectual
community at large, where it came to mean virtually any dominant idea.”
Kuhn recognized that part of the reason other disciplines appropriated his
ideas, especially paradigm and paradigm shift, was that it provided them
with a means to claim a status comparable to that for the natural sciences.
In this chapter, the legacy of Kuhn’s impact on selected disciplines is
briefly explored.?

History and philosophy of science

Kuhn’s legacy to the history and philosophy of science is nonpareil. The
incommensurability thesis alone still elicits considerable attention.” In the
introduction to the “Kuhnfest” papers, Paul Horwich paid homage to
Kuhn’s impact on the discipline. “Kuhn’s radical views,” acknowledged
Horwich, “have been the focus of much debate not only by philosophers,
historians, and sociologists of science but also by large numbers of prac-
ticing scientists. Nevertheless, many questions remain unsettled regarding

their precise nature and validity.”

The purpose of the “Kuhnfest” was not
only to honor Kuhn’s legacy to the history and philosophy of science
but also to draw attention to remaining unsettled questions. The papers
from the conference, then, are used to represent Kuhn’s legacy to the

discipline.”

History of science

Heilbron examined an historical study first investigated by his graduate
mentor Kuhn.® He extended Kuhn’s analysis with several important
“lessons,” concerning the transition from qualitative (classical) to quanti-
tative (experimental or mathematized) physics in the late eighteenth to
early nineteenth centuries. The lessons included the wide-open nature of



WHAT IS KUHN’S LEGACY? 135

mathematics, the conservative nature of mathematicians regarding the
fundamentals of their discipline, and the “mathematizing” of physics.
Heilbron also paid tribute to Kuhn, praising him for his

passionate interest in the work of his graduate students. Eager to know
how our research results would fit his general ideas, he gave us to under-
stand that we were engaged in an intellectual adventure of great
moment. Some of us think we still are.’

N. M. Swerdlow discussed Regiomontanus’ 1464 inaugural oration to a
series of lectures on astronomy. Swerdlow was motivated by Kuhn’s analysis
of the scientific revolution, in which physics was transformed from a clas-
sical form in which mathematics was less concerned with quantifying
natural phenomena to a more modern form in which mathematics is used
to manipulate the quantification of nature. Swerdlow concluded, in terms
that echo Kuhn’s analysis of Copernicus:

What we have in the oration, in the prospectus, and indeed in
Regiomontanus’ very technical works, is something that belongs to its
own time, the Renaissance, with values and virtues of its own that cannot
be understood if we regard it only as an early part of the scientific
revolution.®

Utilizing nineteenth-century electromagnetism, Jed Buchwald com-
mented on translation among incommensurable theories. According to
Buchwald, translation occurs infrequently among scientists; rather, scien-
tists often expropriate selected segments of previous theories as an
untranslatable core. He warned that such expropriation over time may
lead to nonsense. Buchwald also acknowledged the problems associated
with Kuhn'’s relativism; however, he concluded that scientists embroiled in
controversy each have independent reasons for holding their respective
positions and “that relativism, of a kind, where the initial generation and
diffusion of a novel scheme is concerned simply cannot be avoided in
many cases.” But once consensus is achieved a scientist is considered
“irrational” to resist the newly established codification.

Norton Wise explored the role of technologies in mediating the trans-
formation of local knowledge into knowledge networks. Using a case from
Enlightenment France, Wise demonstrated how the calorimeter specifi-
cally mediated between different subcultures, such as chemistry and
physical astronomy. The knowledge network technologies that arose
eventually stabilized as the technologies became transparent, giving the
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impression of a direct connection between theories and reality. Wise noted
that there are two historiographic poles for the transformation of Enlight-
enment science: Lovejoy’s and Gillispie’s history of ideas and Kuhn’s and
Heilbron’s history of measurement. He found both wanting. First, the
measurement tradition fails to realize that “measurements are cultural
expressions. Their significance must be understood in cultural terms.”"
And, the history of ideas tradition fails to consider what makes a culture
function.

Philosophy of science

John Earman compared Carnap’s and Kuhn'’s versions of relativism, and
puzzled over Kuhn’s approach to community consensus. The puzzle was
how consensus is possible when shared values are differentially applied by
individual community members. According to Earman,

major scientific revolutions . . . needn’t be seen as forcing a choice
between incommensurable linguistic/conceptual systems, since it is
often possible to fit the possibilities into a larger scheme that makes the
theories commensurable to the extent that confirmation questions can
be posed in terms of an observation base that is neutral enough for
assessing the relative confirmation of the theories."

In homage to Kuhn, Michael Friedman acknowledged that:

Thomas Kuhn's The Structure of Scientific Revolutions (1962) forever
changed our appreciation of the philosophical importance of the
history of science. Reacting against what he perceived as the naively
empiricist, formalist, and ahistorical conception of science articulated by
the logical positivists, Kuhn presented an alternative conception of

science in flux.'?

The current position in the philosophy of science is that the alternative
conception of science has superseded the traditional conception. By
exploring the relationship between the history of science and the devel-
opment of modern philosophy, Friedman came to the conclusion,
however, that “the currently popular diagnosis of the failure of logical pos-
itivism (a diagnosis due largely to the work of Kuhn and his followers) is
fundamentally misleading.”"?

Ernan McMullin took Kuhn to task for defending a form of rationality

but not realism, not that the two go together. According to McMullin,
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Kuhn'’s reliance on values for theory choice could have easily led him to a
realist’s position. Rehearsing the events of the Copernican revolution,
McMullin concluded that “Copernicus and those who followed him
believed that they had good arguments for the reality of the earth’s motion
around the sun.”"* McMullin’s conclusion was based on the use of “super-
empirical” values, which carry “special epistemic weight” in theory choice.
McMullin acknowledged that Kuhn’s legacy is a divided one, in that Kuhn
tried “to maintain the rational character of theory choice in science while
denying the epistemic character of the theory chosen . . . Thirty years later,
The Structure of Scientific Revolutions still leaves us with an agenda.”"

Nancy Cartwright invoked Lessing’s fable theory to explicate the rela-
tionship between the abstract and the concrete. Just as a moral is fitted out
by a fable, so the abstract is fitted out by the concrete. “Precisely this idea
of fitting out shows us why,” wrote Cartwright, “Kuhn argues students need
to practice problems.”m By solving exemplary problems, students gain
insight into the fit between the abstract and the concrete. Cartwright
utilized the notion of model to instantiate that relationship: “Models make
the abstract concepts of physics more concrete. They also help to connect
theory with the real world.””” Models accomplish this task through influ-
encing the design of experiments, which affects the form of natural laws.
The drawback is that the laws only apply to ideal conditions, with no
guarantee how the law operates outside the laboratory.

Hacking acknowledged that Kuhn’s notion of world changes presents a
philosophical quandary: although the natural world does not physically
change after a scientific revolution, scientists work in a different world.
Hacking dubbed it the new-world problem and proposed a nominalistic
solution, in which there are different stances or platforms rather than dif-
ferent worlds. Hacking identified the unchanging world with individuals
and the changing world (stance or platform) with scientific kinds, instead
of natural-term kinds. He concluded with a challenge:

It will prove to be a rich field of enquiry, for future philosophers of
experimental science, to study how the introduction of a kind of instru-
ment alters the world in which the experimenter works not by having
a new pile of physical stuff held together with string and sealing wax
but by having an instrument of a new kind, with which certain types of
intentional behavior become possible.'®

Hempel recounted his relationship with Kuhn, beginning in 1963, as
colleague and eventually as friend. He acknowledged that compared to
the logical analysis of scientific methodology he practiced for most of his
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career: “Kuhn’s approach to the methodology of science was of a radically
different kind.”" That radical approach to science was naturalistic in
which Kuhn examined not only the rational but also the psychological and
sociological dimensions of science. He closed by reassuring Kuhn:

Whatever position your colleagues may take, Tom, I am sure that they all
feel a large debt of gratitude to you for your provocative and illuminat-
ing ideas, and all of us in the audience await with keen interest your
thoughts.®

Kuhn’s “Afterwords”

Kuhn acknowledged Hempel’s work on his own, but

what I primarily owe to him is not from the realm of ideas. Rather it is
the experience of working with a philosopher who cares more about
arriving at the truth than winning arguments. I love him most, that is, for
the noble uses to which he puts a distinguished mind.*!

Kuhn was particularly grateful to Swerdlow for enlightening historians as
to the problems associated with such phrases as “medieval physics and
chemistry.” However, he took issue with Heilbron’s suggestion that such
phrases be marked in some fashion, such as italicizing, in order to indicate
their function in the narrative. “The danger,” warned Kuhn, “in using the
names of contemporary scientific fields when discussing past scientific
development is the same as that of applying modern scientific terminology
when describing past belief.”” Kuhn enumerated the similarities between
Buchwald’s paper and his current book project. The most important was
between Buchwald’s notion of the unarticulated core and his notion of the
lexicon. Kuhn commented on Wise’s story about network nodes, which
hold “between practices in the various scientific fields as well as between
them and the larger culture.”® He announced that Wise’s thesis had “con-
verted” him to the importance of cultural factors in scientific develop-
ment; but he maintained that there are key parts to Wise’s story that are
absent, such as to what is a rationalist scientific culture and the relation-
ship between it and its individual members.

Kuhn admitted that his knowledge of logical positivism early in his
career was “decidedly sketchy” and that he was ignorant of the post-Aufbau
Carnap. Moreover, when he received Carnap’s letter about Structure, “1
interpreted it,” claimed Kuhn, “as mere politeness, not as an indication
that he and I might usefully talk.”* Moreover, the similarity Earman finds
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between Kuhn and Carnap, when examined more closely, reveals a deep
divide between them. While Carnap is concerned about the pragmatic
implications of a notion of translation between different theories, Kuhn
pressed the notion into the service of a developmental view of science.
Kuhn appreciated Friedman’s essay and looked forward to the complete
story.

Kuhn sympathized with McMullin’s concern over a possible realist inter-
pretation of Kuhn’s efforts, in order to maintain the rationality or epis-
temic character of scientific values. But he claimed that Friedman’s
interpretation of Kant’s a priori as a relativized notion provided him with a
way to keep an instrumental position. For Kuhn, in contrast to Cartwright,
the transmission of the lexicon from one generation to the next through
concrete exemplars is critical for understanding scientific development.
“What is acquired in this process is, of course,” wrote Kuhn, “the kind-
concepts of a culture or subculture. But what comes with them, insepara-
bly, is the world in which members of the culture live.” Kuhn discussed
Hacking’s proposed nominalist solution to the new-world change problem
and rejected it, since “there are real individuals out there, and we divide
them into kinds at will.”* Kuhn also rejected Hacking’s scientific-kind
terminology, since it is too restrictive.

Kuhn closed with comments on scientific revolutions. Although he still
envisioned them as discontinuities on a background of normal science, rev-
olutions now represent scientific progress through “an increase in the
number of scientific specialties required for the continued acquisition of
scientific knowledge.”” For specialization is akin to speciation: “What
permits the closer and closer match between a specialized practice and its
world is much the same as what permits the closer and closer adaptation of
a species to its biological niche.” But Kuhn’s position again raised the
specters of rationality and realism. Is this process governed rationally? Does
“closer” refer to the real? To these questions Kuhn answered puzzle-solving,
which provides greater understanding of the world. But there is so much
more than the rational and the real, concluded Kuhn, there is also the polit-
ical and social interests that must be brought to bear on puzzle-solving.

Natural sciences

Natural scientists used Kuhn’s notion of paradigms to reconstruct the
history of a discipline. Reconstruction of the Darwinian revolution along
Kuhnian lines is used to illustrate this function. Scientists also used Kuhn’s
paradigms to establish their discipline as a science. The founding of
molecular biology is used to illustrate this function.
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John Greene was one of the first to use Kuhn’s notion of paradigm to
reconstruct the development of Darwin’s evolutionary theory. He began
by describing the first paradigm in natural history, the Linnaean classifi-
catory system, which represents natural history in static terms. Although
anomalies to the system emerged, they were ignored or evaded. Later,
Buffon and Lamarck proposed competing paradigms not necessarily in
response to the anomalies, but these proposals eventually resulted in a
crisis that lead to replacement of the static Linnaean paradigm with the
Darwinian evolutionary theory.

But the use of Kuhn’s paradigm notion was not completely adequate.
For example, the Darwinian revolution represented not only a break with
the past natural history paradigm but also a continuation of it. “The
Kuhnian paradigm of paradigms,” concluded Greene, “can be made to fit
certain aspects of the development of natural history from Ray to Darwin,
but its adequacy as a conceptual model for the development seems
doubtful.”™ “On the whole the paradigm doesn’t work very well,” con-
fessed Greene years later, for reconstructing the Darwinian revolution.*
Moreover, Greene claimed that although he used Kuhn’s terminology
throughout the essay, that usage did not represent approval of Kuhn’s his-
toriography. Although Greene found Kuhn'’s historiography inadequate,
he believed it is the best available and better than nothing at all. “Those
who question the validity of Kuhn’s model,” asserted Greene, “should feel
themselves challenged to provide alternative interpretations to the genesis
of revolutions in science.”™"

Ernst Mayr utilized Kuhn’s notion of paradigm to evaluate the reason
why the Darwinian revolution was so slow in being accepted. In a charac-
teristically Kuhnian move, Mayr examined the resistance to Darwin’s ideas.
“It was not the lack of supporting facts, then, that prevented the accept-
ance of the theory of evolution,” noted Mayr, “but rather the power of the
opposing ideas.” In Kuhnian terms, scientific evidence was not sufficient
to induce theory change; rather, non-rational factors were also important.
Mayr then rehearsed the various ideologies scientists and non-scientist
marshaled in resisting Darwinian evolution. He insisted that often special-
ists were blinded by the dogma with which they were indoctrinated, in
compliance with Kuhn’s analysis of why scientists resist a new paradigm.

Mayr also noted two differences between the Darwinian revolution and
other scientific revolutions, especially those in the physical sciences. First,
the Darwinian revolution required not only the replacement of one
paradigm by another but also the rejection of six other paradigms.
Second, it had a profound ethical and religious impact on society far more
than other scientific revolutions. Mayr then drew two conclusions from his
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analysis concerning scientific revolutions. First, they occur over long
periods of time in which parts of the older paradigm are replaced piece-
meal by parts of the newer paradigm. Second, the combination, and not
merely the addition, of the various elements of a revolution dictate the
revolution’s content and form.

In conclusion, Mayr claimed that “the Darwinian revolution does not
conform to the simple model of the scientific revolution, as described, for
instance, by T. S. Kuhn.”” He argued that the Darwinian revolution was a
complex event that took 250 years, with its major elements appearing at
various times. However, he did concede that Darwin’s notion of evolution
was based on the incommensurable shift from perfection to undirected
change. “The result,” wrote Mayr, “was an entirely different concept of
evolution. Instead of endorsing the eighteenth-century concept of a drive
toward perfection, Darwin merely postulated change.”

In a pivotal 1970 article, Eugene Hess explored the origins of molecular
biology. He claimed molecular biology is a legitimate scientific discipline,
both by reviewing its recent rise to the status of a science and by seeking a
philosophical justification for it. That justification came in the form of
Kuhn’s notion of paradigm.

The molecular approach to biology has provided, nevertheless, a
unifying paradigm to guide an active and productive group of
researchers, and, as Kuhn has argued ably, it is hard to find another
criterion which so clearly proclaims a field of science.”

He then proceeded to map the emergence of the molecular biology
paradigm, which includes important ideas and assumptions as well as tech-
niques and instrumentation. Hess concluded with a formulation of that
paradigm: “biological structures are organized on a molecular basis.”
Once in place the molecular biology paradigm was seen by molecular
biologists to inaugurate a period of fruitful discoveries, which had an
immediate impact across the board for the biomedical and evolutionary
sciences. Michel Morange compared this productive period to normal

science.

Once researchers had deciphered the genetic code and described regu-
latory mechanisms in micro-organisms, molecular biology entered what
the historian of science Thomas Kuhn has called a period of “normal
science.” Research no longer involved testing global models but “puzzle-

solving” within the framework of existing theories.”’
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Indeed, the molecular biology paradigm is being applied successfully to
puzzles ranging from evolution and taxonomy to gene therapies. The
potential of the molecular biology paradigm seems to have no limits. As
Marshall Nirenberg wrote, “the revolution in molecular genetics has
created tremendous opportunities to do research that surely will lead to
fundamental advances in knowledge of normal and pathological

processes.”™

Sociology

Kuhn’s notion of paradigm was greeted enthusiastically by sociologists,
who utilized the notion to assess the development of their discipline qua
science. For example, Robert Friedrichs proposed that sociology is
composed of first- and second-order paradigms. Clashes between para-
digms over the subject matter of sociology, such as between the system
paradigm and the conflict paradigm, are a function of first-order para-
digms, in which the sociologist is envisioned as the “scientific agent.” “The
paradigms that order a sociologist’s conception of his subject matter . . .,
explained Friedrichs, “may themselves be a reflection, or function, of a
more fundamental image: the paradigm in terms of which he sees himself.”*
That paradigmatic image may be either as priest or prophet, and it is that

”

image which determines whether one is committed to either the system or
conflict paradigm.

George Ritzer also applied Kuhn’s paradigm notion to sociology and
concluded that the discipline is a “multiple paradigm science,” i.e. “there
are several paradigms vying for hegemony within the field as a whole.”*
He identified three sociological paradigms: social facts paradigm, social
definition paradigm, and social behavior paradigm. Proponents of the
social facts paradigm are concerned with the development of abstract
theory, such as the functionalist, system, or conflict theory, through empir-
ical or statistical methods. Proponents of the social definition paradigm
reject abstract theory and are concerned with specific skills that allow
them to observe accurately social phenomena and to discredit social
myths. Action theory, symbolic interactionism, and phenomenological
sociology constitute this paradigm. The social behavior pa