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Kuhn

Thomas S. Kuhn (1922-1996)

I Kuhn, The Structure of Scientific Revolutions (2012 [1962])

I Chalmers, WITTCS?, Ch. 8

I Godfrey-Smith, T&R, Chs. 5 & 6
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Anomalies & the emergence of scientific discoveries

An anomaly is a phenomenon that (at least prima facie) cannot be
incorporated into the current paradigm.

Kuhn’s key claim here is that the general pattern of discovery is:

‘the previous awareness of anomaly, the gradual and
simultaneous emergence of both observational and conceptual
recognition, and the consequent change of paradigm categories
and procedures often accompanied by resistance.’ (p. 62)

The appearance of anomalies is the source of new scientific discoveries:
whether these anomalies are eventually incorporated into the paradigm or
whether they lead to a rejection of the paradigm.
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Anomalies & the emergence of scientific discoveries

‘Discovery commences with the awareness of anomaly, i.e., with
the recognition that nature has somehow violated the
paradigm-induced expectations that govern normal science. It
then continues with a more or less extended exploration of the
area of anomaly. And it closes only when the paradigm theory
has been adjusted so that the anomalous has become the
expected.’ (p. 53)

What has been discovered is understood only after this adjustment.

Kuhn uses three main examples for illustration:

I Priestley and Lavoisier on Oxygen (1770s–1820s)

I Roentgen on X-rays (1895)

I Leyden jars and the “fluid” theory of electromagnetism
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Priestley and Lavoisier on Oxygen

‘Though undoubtedly correct, the sentence, “Oxygen was
discovered,” misleads by suggesting that discovering something
is a single simple act assimilable to our usual (and also
questionable) concept of seeing.’ (p. 55)

HPS 1653 / PHIL 1610 Lecture 10



Roentgen on X-rays

‘. . . [T]he perception of anomaly—of a phenomenon, that is, for
which [the] paradigm had not readied the investigator—played
an essential role in preparing the way for perception of novelty.’
(pp. 57-8)
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Leyden jars
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The Bruner and Postman experiment
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Crisis & the emergence of scientific theories

Crisis arises when the accommodation of anomalies becomes especially
difficult or complex (where that complexity has little benefit elsewhere).

Crisis is characterized by widespread professional dissatisfaction, and a
plethora of rival, heterodox theories, resembling pre-paradigm science.

‘At the moment physics is again terribly confused. In any case,
it is too difficult for me, and I wish I had been a movie
comedian or something of the sort and had never heard of
physics.’ (Pauli, 1925)

N.B.: Crisis is not defined as preceding a revolution: Kuhn intends his
claim that crisis leads to revolution to be empirical (p. 90).
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Crisis & the emergence of scientific theories

Key examples:

I Phlogistion theory (Priestley, Lavoisier, . . . )

I The Copernican revolution

I Ether theory (Maxwell, Fresnel, Lorentz, FitzGerald, . . . )
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When does/should an anomaly invoke crisis?

‘. . . [I]f an anomaly is to evoke crisis, it must usually be more
than just an anomaly. There are always difficulties somewhere
in the paradigm-nature fit; most of them are set right sooner or
later, often by processes that could not have been foreseen.
The scientist who pauses to examine every anomaly he notes
will seldom get significant work done. We therefore have to ask
what it is that makes an anomaly seem worth concerted
scrutiny, and to that question there is probably no fully general
answer.’ (p. 82)
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Paradigm vs. paradigm

‘. . . [O]nce it has achieved the status of paradigm, a scientific
theory is declared invalid only if an alternative candidate is
available to take its place. No process yet disclosed by the
historical study of scientific development at all resembles the
methodological stereotype of falsification by direct comparison
with nature’ (p. 77)

‘The decision to reject one paradigm is always simultaneously
the decision to accept another, and the judgment leading to
that decision involves the comparison of both paradigms with
nature and with each other.’ (p. 78)
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Why ‘revolutions’?

‘. . . [S]cientific revolutions are here taken to be those
non-cumulative developmental episodes in which an older
paradigm is replaced in whole or in part by an incompatible
new one.’ (p. 92)

Parallels with political revolutions:

I They occur in response to crises, in which the dominant structure
is widely believed not to be responsive to felt needs.

I ‘Political revolutions aim to change political institutions in ways that
those institutions themselves prohibit.’ (p. 93)

I The lack of any ‘supra-institutional framework for the adjudication
of revolutionary differences’.

I The need to resort to techniques of mass persuasion, often
including force.
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Paradigm change as conversion

According to Kuhn, no compelling argument can be given for
abandoning one paradigm in favour of another.

Paradigm change is, for Kuhn, not a rational process: it has no logic.

The best that can be done is for practitioners in a new paradigm to
demonstrate practice in the new paradigm, and hope to convert more
practitioners.
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Change in paradigm as change in gestalt

‘That parallel can be misleading. Scientists do not see
something as something else; they simply see it. . . . In addition,
the scientist does not preserve the gestalt subject’s freedom to
witch back and forth between ways of seeing.’ (p. 85)
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Science isn’t cumulative?

But doesn’t Einsteinian relativity reproduce the successes of Newton’s
theory of gravitation? (Can’t Newtonian predictions be derived from
Einstein’s theory?)

I Derivation is possible only in a limited domain of application
(e.g. when velocities are very small compared to light, also distances
must not be too large).

I This limitation can be sensibly imposed only in hindsight: the
attempt to impose limitations during normal science restricts the
progress of normal science.

I The “derivation” achieved is suspect: we recover the form but not
the meaning of the previous paradigm’s laws.—This is tied to a
holist account of the meaning of scientific terms.
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More on limitations on domain and meaning

‘If positivistic restrictions on the range of a theory’s legitimate
applicability are taken literally, the mechanism that tells the
scientific community what problems may lead to to
fundamental change must cease to function. And when that
occurs, the community will inevitably return to something much
like its pre-paradigm state, a condition in which all members
practice science but in which their gross product scarcely
resembles science at all. Is it really any wonder that the price of
significant scientific advance is a commitment that runs the risk
of being wrong?’ (p. 101)

‘Our argument has, of course, explained why Newton’s Laws
ever seemed to work. In doing so it has justified, say, the
automobile driver in acting as though he lived in a Newtonian
universe.’ (p. 102)

HPS 1653 / PHIL 1610 Lecture 10



Paradigms as a source of meaning

‘Since new paradigms are born from old ones, they ordinarily
incorporate much of the vocabulary and apparatus, both
conceptual and manipulative, that the traditional paradigm had
previously employed. But they seldom employ these borrowed
elements in quite the traditional way. Within the new paradigm,
old terms, concepts, and experiments fall into new relationships
one with the other. The inevitable result is what we must call,
though the term is not quite right, a misunderstanding between
the two competing schools.’ (p. 148)

I The genealogy of ‘electron’, ‘element’, ‘combustion’, ‘force’, etc.

I The use of the same terms across a revolution can hide a significant
change in meaning.

I Interlocking concepts; the near-tautologies of a new paradigm may
have been near-self-contradictions in the previous paradigm. E.g.:
‘The Earth moves’, ‘Space is curved by the presence of matter’.

HPS 1653 / PHIL 1610 Lecture 10



Paradigms as a source of standards

Paradigms are not just a source of worldview and practice, they are a
source of standards.

‘. . . [T]he case for cumulative development of science’s
problems and standards is even harder to make that the case for
cumulation of theories. The attempt to explain gravity, though
fruitfully abandoned by most eighteenth-century scientists, was
not directed to an intrinsically illegitimate problem; the
objections to innate forces were neither inherently unscientific
nor metaphysical in some pejorative sense. There are no
external standards to permit a judgment of that sort.’ (p. 108)

I No paradigm ever solves all the problems it defines.

I No two paradigms leave the same problems unsolved.

I So a choice of paradigm is a choice of which problems are most
significant. The correctness of that choice has no “external” criteria:
rival paradigms are incommensurable.
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A change in paradigm ⇒ a change in world?

‘Examining the record of past research from the vantage of
contemporary historiography, the historian of science may be
tempted to exclaim that when paradigms change, the world
itself changes with them.’ (p. 111)

I Analogy with gestalt shifts & inverted glasses

I What one “directly perceives” changes in a paradigm shift: this is
not merely a change in interpretation.

I Paradigm shifts are more extreme than gestalt shifts, etc., since
there is no ‘unequivocally stable’ body of data between
paradigms—‘The operations and measurements that a scientist
undertakes in the laboratory are not “the given” of experience but
rather “the collected with difficulty”.’ (pp. 125-6)

I Failure to provide a neutral observation language.

I The case of pluto.

I “Kant on wheels”.
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How does change happen?

‘[A] new scientific truth does not triumph by convincing its
opponents and making them see the light, but rather because
its opponents eventually die, and a new generation grows up
that is familiar with it.’ (Max Planck, quoted in Kuhn, p. 150)

I Crucial experiments: solving problems that the previous paradigm
could not.

I Increased quantitative precision.

I Novel predictions (e.g. Dirac’s prediction of the positron).

I Aesthetic considerations (e.g. simplicity).

I But the fight is messy!
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Why have revolutions been invisible until now?

‘Both scientists and layman take much of their image of
creative scientific activity from an authoritative source that
systematically disguises—partly for important functional
reasons—the existence and significance of scientific revolutions’
(p. 135)

Textbooks, popularizations and even philosophy of science address
present:

I an already articulated body of problems, data and theories,
determined by one paradigm;

I cherry-picked outcomes of past revolutions;

I projected successes from the current paradigm into a previous
paradigm (e.g. Newton and Galileo on uniform gravitational fields).

‘In short, [the literature has] to be rewritten in the aftermath of
each scientific revolution, and, once rewritten, they inevitably
disguise not only the role but the very existence of the
revolutions that produced them.’ (p. 137)
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Why have revolutions been invisible until now?

‘Scientific education makes use of no equivalent for the art
museum or the library of classics, and the result is a sometimes
drastic distortion in the scientist’s perception of his discipline’s
past.
[. . . ]
Inevitably those remarks will suggest that the member of a
mature scientific community is, like the typical character of
Orwell’s 1984, the victim of a history rewritten by the powers
that be. Furthermore, that suggestion is not altogether
inappropriate. There are losses as well as gains in scientific
revolutions, and scientists tend to be peculiarly blind to the
former.’ (p. 166)
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Progress in normal science?

We are tempted to call any progressive discipline a science—but ‘[d]oes a
field make progress because it is a science, or is it a science because it
makes progress?’ (p. 161)

Why should normal science make progress?

I “Eye of the beholder” effect + absence of competition:

Scientific progress is not different in kind from progress in other
fields, but the absence at most times of competing schools that
question each other’s aims and standards makes the progress of
a normal-scientific community far easier to see.’ (p. 163)

I Normal science permits esoteric development.

I ‘Unparalleled insulation . . . from the demands of the laity.’

I (Natural) scientists don’t have to justify their research questions.

I The ‘context of pedagogy’: art is taught with examples & heroes;
science is taught with textbooks & apprenticeships.

HPS 1653 / PHIL 1610 Lecture 10



Progress in revolutionary science?

‘Revolutions close with a total victory for one of the two
opposing camps. Will that group ever say that the result of its
victory has been something less than progress? That would be
rather like admitting that they had been wrong and their
opponents right. To them, at least, the outcome of revolution
must be progress, and they are in an excellent position to make
certain that future members of their community will see past
history in the same way.’ (p. 166)

But might is not right! Scientists are:

I independent from the state and politics;

I keen to solve problems to do with an account of nature;

I keen to do detailed work;

I subject to quality control by their peers;

I without rivals.
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Progress?

‘The unit of scientific achievement is the solved problem.’
(p. 168)

I But what about incommensurability?

‘In the sciences there need not be progress of another sort. We
may, to be more precise, have to relinquish the notion, explicit
or implicit, that changes of paradigm carry scientists and those
who learn from them closer to the truth.’ (p. 169)

I But what about ‘fitting paradigms to the world’?

‘If we can learn to substitute evolution-from-what-we-do-know
for evolution-toward-what-we-wish-to-know, a number of vexing
problems may vanish in the process.’ (p. 170)

I Kuhn’s picture as more precisely Darwinian than Popper’s?
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Second thoughts (PGS)

I Maybe, for many sciences (though probably not physics), it really
will be different this time! Perhaps it will be normal science from
here on.

I Does Kuhn concentrate too much on the examples from physics and
early chemistry?

HPS 1653 / PHIL 1610 Lecture 10


