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1 A role for history

Previous philosophers of science had emphasized a sharp separation between history of science and
the philosophical theory of science (contexts of discovery and justification again).

Their methodology: formulate a theory of science—in particular, the justification of scientific claims—
with little emphasis on what scientists actually do or have done.

Kuhn’s methodology: provide a theorised account of science is actually done, based on a study of
crucial episodes from its history (in particular: 18th Century Chemistry and Physics from the Early
Modern Period to the 20th Century).

This entails an indispensable role for history of science in the philosophy of science. And (Kuhn
believed) elements of scientific practice that are key to science’s success had been missed by ahistorical
accounts, such as inductivism, hypothetico-deductivism and falsificationism.

1.1 The historiographic orthodoxy

‘[A] concept of science drawn from [orthodox histories of science] is no more likely to fit
the enterprise that produced them than an image of a national culture drawn from a
tourist brochure or a language text.’ (p. 1)

Kuhn was keen to avoid “Whiggish” history and the illusion that developments in the history of
science had been inevitable.

According to Kuhn, the old historiographic orthodoxy held that the historian of science had two
main tasks: (i) to determine by whom and when each contemporary scientific fact, law & theory was
discovered or invented; and (ii) to describe & explain the ‘congeries of error, myth, and superstition’
that inhibited the ‘more rapid accumulation of the constituents of the modern science text’.

This entails an explanatory asymmetry: success is explained by epistemic factors; failure is explained
by social factors. Kuhn rejected this asymmetry. (This rejection is also the keystone of the “strong
programme” in the sociology of scientific knowledge, associated with, amongst others, David Bloor,
Barry Barnes and Harry Collins.)

1.2 The historiographic revolution

‘Rather than seeking the permanent contributions of an older science to our present
vantage, [we] attempt to display the historical integrity of that science in its own time.’
(p. 3)

E.g. Not: ‘What relation did Galileo’s views have to modern science?’ But rather: ‘What relation
did Galileo’s views have to his contemporaries?’ Or: ‘What made Galilean dynamics more plausible
than Aristotelian dynamics to his contemporaries?’

Two lessons of the historiographic revolution:

1. Under-determination of theory by data & method. The ‘insufficiency of methodological direc-
tives . . . to dictate a unique substantive conclusion to many sorts of scientific questions.’

2. Indispensability of “auxiliary” elements. The “auxiliary” elements that go into determining a
unique view of the world are indispensable to the success of science: they ground and guide
progress. (n.b. Importance of consensus.)
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2 Three phases of science

1. Immature science. No, or very little, agreement over fundamentals; a plurality of different
standards and worldviews.

2. Normal science. ‘[R]esearch firmly based upon one or more past scientific achievements [this is
one precisification of Kuhn’s notion of “paradigm”], achievements that some particular scientific
community acknowledges for a time as supplying the foundation for its further practice.’

3. Revolutionary science. A wholesale shift in:

• which problems are available to scientific scrutiny (what is worth doing);

• standards for legitimate solutions;

• the “world in which scientific work is done” (i.e. the dominant Weltanschauung);

• the impression of previous theories (e.g. the reasons widely cited for their success).

(For 2 vs. 3, think e.g.: Le Verrier and Neptune vs. Einstein and Mercury.)

3 Paradigms & normal science

3.1 Paradigms

Normal science is characterized by research done in a paradigm, or collection of paradigms.

‘Paradigm’ (at least before Kuhn) means an example, or template; e.g. grammatical paradigms. For
Kuhn it means: a scientific achievement that serves to shape future theoretical development. A better
example than grammatical paradigms might be case law, as opposed to statutory law.

‘Normal science consists in the actualization of [the] promise [of early achievements],
an actualization achieved by extending the knowledge of these facts that the paradigm
displays as particularly revealing, by increasing the extent of the match between those
facts and the paradigm’s predictions, and by further articulation of the paradigm itself.’
(p. 24)

Kuhn also claims that paradigms structure evidence: which facts are particularly revealing, and how
the facts are to be interpreted. (“Kant on wheels”—Peter Lipton)

3.2 The advantage of paradigms

Normal science is characterized by wide consensus on the prevailing paradigm or paradigms. This
consensus is not easily challenged—indeed it partly constitutes community membership. (Contrast
with falsificationism.) This permits specialization.

‘By focusing attention upon a small range of relatively esoteric problems, the paradigm
forces scientists to investigate some part of nature in a detail and depth that would
otherwise be unimaginable.’ (p. 25)

New paradigms are associated with the formation of new specialized journals and societies—even
(sometimes) with a new name (e.g. ‘bioinformatics’, ‘nanoscience’, ‘quantum information theory’).

Examples given by Kuhn include: Aristotle’s theory of motion; Ptolemy’s computations of planetary
orbits; Lavoisier’s application of the balance; and Maxwell’s mathematization of the electromagentic
field.
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3.3 Experimental work during normal science

• The collection of facts that are (according to the paradigm) “particularly revealing of the nature
of things”. (E.g.: stellar positions & magnitudes, orbits, specific gravities, conductivities,
combustion & combining weights, boiling & melting points, structural formulae, . . . )

• The collection of facts that are easy to compare with predictions.

• Further articulation of the paradigm. Paradigms help here in narrowing down what there is to
look for. (E.g.: resolving ambiguities; measuring physical constants; formulating “mini-laws”,
such as Boyle’s Law or Coulomb’s Law.)

3.4 Theoretical work during normal science

• Generating predictions of factual information of “intrinsic value” (e.g. mass of Earth; moment
of inertia of a cube; the electron’s magnetic moment).

• Generating predictions for experimental testing. This might be a new application of the
paradigm, or an increase in precision of previous applications. It involves designing experi-
ments (guided by the paradigm) and extracting observable predictions (harder than it sounds!)

• Further articulation of the paradigm. This involves increased rigor of mathematical framework
(as with, e.g. the rigorization of the differential calculus and Hamilton-Jacobi theory), and the
subsumption of new systems under the prevailing paradigm (e.g. Newtonian point masses 7→
continuous fluids).

3.5 Normal science as puzzle-solving

Kuhn describes work in a paradigm as puzzle-solving. Why?

• Puzzles have an assured solution (‘unlike cancer or world peace’). Other problems are deemed
“metaphysical” or insoluble.

• Puzzles are associated with a limited collection of rules, standards and acceptable steps in
seeking and appraising a solution.

• Puzzles are small enough to give individuals a sense of achievement in their careers.

3.6 Paradigms, not rules

‘Lack of a standard interpretation or of an agreed reduction to rules will not prevent a
paradigm from guiding research. Normal science can be determined in part by the direct
inspection of paradigms, a process that is often aided by but does not depend upon the
formulation of rules and assumptions. Indeed, the existence of a paradigm does not even
imply that any full set of rules exists.’ (p. 44)

(Compare the later Wittgenstein on ‘game’.) Why paradigms and not rules?

1. Rules are hard to discover.

2. Humans (including scientists!) learn by doing, not by internalizing explicit rules.

3. Rules are unnecessary (and even limiting) in times of consensus.

4. Consensus over rules is hard to achieve: paradigms impose milder constraints.

Explicit rules tend to be demanded only in cases of strife or disagreement (i.e. just before or during
revolutionary science).
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4 Revolutionary science

4.1 Anomalies & the emergence of scientific discoveries

An anomaly is a phenomenon that (at least prima facie) cannot be incorporated into the current
paradigm. The appearance of anomalies is the source of new scientific discoveries, whether these
anomalies are eventually incorporated into the prevailing paradigm or (otherwise) they lead to a
rejection of that paradigm.

‘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: Priestley and Lavoisier on Oxygen (1770s–1820s); Roentgen on
X-rays (1895); and Leyden jars & the “fluid” theory of electromagnetism.

4.2 Crisis & the emergence of scientific theories

Crisis arises when the accommodation of anomalies becomes especially difficult or complex—especially
where that complexity has little benefit elsewhere (cf. Popper’s ad hoc modifications).

Crisis is characterized by widespread professional dissatisfaction, and a plethora of rival, heterodox
theories, resembling pre-paradigm science. (n.b.: Crisis is not defined as preceding a revolution:
Kuhn intends his claim that crisis leads to revolution to be empirical ; see e.g. p. 90.)

Key examples are: phlogistion theory (Priestley, Lavoisier); The Copernican revolution; and ether
theory (Maxwell, Fresnel, Lorentz, FitzGerald).

4.3 When does a revolution happen?

‘. . . [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)

‘. . . [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 stereo-
type of falsification by direct comparison with nature’ (p. 77)

The parallel with political revolutions is deliberate: (i) they occur in response to crises, in which the
dominant structure is widely believed not to be responsive to felt needs; (ii) they are characterised
by a lack of any ‘supra-institutional framework for the adjudication of revolutionary differences’; and
(iii) they involve the need to resort to techniques of mass persuasion—often including force.

According to Kuhn, no compelling argument can be given for abandoning one paradigm in favour of
another: it is not a rational process. 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.

(Later, e.g. Kuhn 1977, Kuhn characterises this as being due to the impossibility of neutrally inter-
preting and giving appropriate weight to a number of theoretical virtues, such as simplicity, scope
and fruitfulness.)
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5 Science isn’t cumulative?

5.1 Newton vs. Einstein

But doesn’t (e.g.) Einsteinian relativity reproduce the successes of Newton’s theory of gravitation?
(That is, can’t Newtonian predictions be derived from Einstein’s theory?)

• 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).

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

‘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)

• The “derivation” achieved is suspect: we recover the form but not the content of the previous
paradigm’s laws.—This is tied to a holist account of the meaning of scientific terms.

‘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)

5.2 Paradigms as a source of meaning

‘Since new paradigms are born from old ones, they ordinarily incorporate much of the vo-
cabulary 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)

The “near-tautologies” of a new paradigm may have been “near-contradictions” in the previous
paradigm (e.g.: ‘The Earth moves’, ‘Space is curved by the presence of matter’).

Kuhn’s account of the meaning-giving, or world-structuring, power of paradigms owes much to a
holist account of meaning. This account (articulated further in Kuhn 1983) is put under significant
pressure by the “externalist” theories of reference of e.g. Kripke (1980) and Putnam (1975).

Kuhn also depends on some rather tenuous analogies (barely described as such) with recently dis-
covered psychological phenomena, such as the Bruner and Postman experiment.

5.3 Paradigms as a source of standards

‘. . . [T]he case for cumulative development of science’s problems and standards is even
harder to make than 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)
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No paradigm ever solves all the problems it defines, and no two paradigms leave the same problems
unsolved. Associated with the latter is the idea of a “Kuhn loss”, a problem solved by a defunct
paradigm (but many, if not all, purported examples of this are controversial).

So a choice of paradigm is, in part, a choice of which problems are most significant. The correctness
of that choice has no “external” criteria: rival paradigms are incommensurable.

5.4 A change of paradigm as a change of 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)

According to Kuhn, what one “directly perceives” changes in a paradigm shift: this is, apparently, not
merely a change in interpretation. Note that Kuhn rejects the positivists’ observational/theoretical
distinction, and their commitment to a neutral observation language.

Despite the analogy with gestalt shifts, paradigm shifts are, for Kuhn, more extreme, 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) But this is hard to swallow in e.g. the case of Eddington’s 1919 expedition
to test the general theory of relativity against Newtonian gravitation theory.

Kuhn’s talk of changing worlds makes it hard to interpret him as giving an almost wholly “internalist”
account of science. Yet in other passages it seems that this is exactly what he aims to do:

‘In the sciences there need not be progress of another sort [than that offered by changes
of paradigm]. 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)

(Kuhn’s account as more properly Darwinian than Popper’s falsificationism?)
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