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This article extends Moleski’ s discussion (in “ Polanyi vs. Kuhn: Worlds Apart” ) of the worldviews of Kuhn
and Polanyi in two ways. by considering an evolutionary view of science as proposed by Kuhn, and by
evaluating Kuhn's notion of “ paradigm change” compared to Polanyi’ s work on scientific practice.

Martin X. Moleski, SJ, has again done a service to the community of scholarsinterested in Polanyi.
Here he brings together interesting material on the relationship between Michael Polanyi and Thomas Kuhn;
often heisbringing new materialsto light. | am particularly interested to learn detail s of what Polanyi thought
waswrong with Kuhn's early work and, on the other side, what K uhn thought was wrong with Polanyi'swork.
Thecrucia objectionsfrom Polanyi, aside from those about priority, were that Kuhn did not acknowledge the
commitment to truth within the scientific community and that he did not address the epistemol ogical problems
that arisein understanding that commitment. K uhn's objections seem morediffuse, but the onethat shocked me
most was his off-handed idea that Polanyi relied on "something very like ESP" in his explanation of scientific
discovery - amisunderstanding that apparently arose from Polanyi's misleading anal ogy in 1946 between ESP
and anticipation, intuition, and coincidence in scientific di scovery.1 | also wonder whether Kuhn really
understood the connections and experiences that lie behind " Polanyi's extrapol ation from freedom in science
to the political sphere.”

Of course both of them would deny, and sometimes did explicitly deny, that such criticisms properly
stated their respective positions. There was nothing extra-sensory about Polanyi's understanding of human
interaction: onthe contrary, heisvery concrete about how humanslearn skillsand embody that |earning, about
how they emulate and empathize with others, about how they can focus and shift their attentions, about how
they orient themselvesto authority and community. And, on the other side, Kuhn seemed to see by 1969 how
the "initial formulation" of hisviewpoint had led to "gratuitous difficulties and misunderstandings' and how
claims for paradigms as concrete puzzle-solutions had led to "controversies and misunderstandings ...
particularly for the charge that | make of science a subjective and irrational enterprise.” 2 Such an admission
disarms any suspicion that he meant it that way.

So, we have this clash of views, these mutual misunderstandings, along with the questions about
priority and influence, and the acknowledgement of others. Asit stands this story has importance to scholars
of thehistory of scienceinthemid-twentieth century. But weal so havetothink about what it meansfor our work
going forward, including our work as scholars. Along those lines, | want to extend Moleski's analysisin two
ways: | want first to look at the argument presented in these texts over a Darwinian approach to progressin
science, and, second, to investigate what Kuhn's notion of "paradigm change" gets us compared to Polanyi's
work.

| am interested in the first topic because | would have to agree with Kuhn that we should take some
kind of Darwinianor evol utionary metaphor seriously - if that comparisonisunderstood correctly. Hereweneed
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to disentangle the issues, and try to understand what is at stake in Polanyi's marginal commentsto thelast few
pagesof Sructure, where- by Kuhn'sown admission at thetime- theword "truth" makesasurprisingly belated
appearance.

| aminterestedinthe second topic becauseit seemsto methat Kuhn'sargument in Structurehasserious
limitations. Kuhn's analysis of "normal science" - by which he means, at least sometimes, tradition and
convergenceof thinking - isessentially represented by textbooks; and heisright to suggest that textbooks, which
attempt to present sciencewithin apedagogically clear but necessarily fixed framework, will on occasion need
"revolutionary" revision, rewriting from a fresh "paradigm”. But that is really a different issue from the
guestions that Polanyi worked at, including how we get to such a textbook-rewriting moment working along
within atired old paradigm. | will argue that Polanyi was much more concerned with the inner, embodied
experience of being a scientist, not just theories and schema in the head; this was something that he had
experienced over along part of hislife. Kuhn, though hegot hisHarvard PhD in Physics, wasempl oyed between
his dissertation (1949) and publication of Sructure (1962) asaHarvard junior fellow, a Guggenheim fellow,
and ateacher of thehistory of scienceat Harvard and Berkeley - perfectly | egitimateendeavors- but not working
asascientist doing physicsresearch.3 Indeed theinitial insight about scientific revol ution seemsto have come
to Kuhn in 1947 when he interrupted his physics project to "prepare a set of lectures on the origins of
seventeenth-century mechanics."4 Thus the contrast in worldview between Kuhn and Polanyi reflects a
contrast in their work experience aswell as differencesin framework. To me, this means that Polanyi's work
has avalueto my own work, asit would have had to Kuhn. But he did not seem to appreciate or acknowledge
that when he conceived his idea of revolutions in scientific frameworks. Kuhn, in Structure at least, uses
paradigm change to argue against a very different view of science from Polanyi's view.

1.) A Darwinian approach, fitness to survive, and truth

First let uslook at what Kuhn saysin those last few pages of Sructure, where - asMoleski tellsus (p.
11) - Polanyi writesinthe margin, "Thisreally needs analysis." At this point, Kuhn had written, "We may ...
have to relinquish the notion ... that changes of paradigm carry scientists ... closer and closer to the truth”
(170).5 Much of what follows in Sructure is Kuhn's construction of a Darwinian approach, as Moleski
illustrates (p. 11) with two quotes, one containing a specific sentence that Polanyi focused on. Inthat sentence,
Kuhn suggests that each successive stage in the development of scientific knowledge "may have occurred, as
we how suppose biological evolution did, without the benefit of a set goal, a permanent fixed scientific truth
..."(172-173) - thatis, without asingleoverarching paradigm producing an unbroken progressivemarch toward
the ultimate goal .

Kuhn claimsthat the "most significant and |east palatable of Darwin's suggestions" was hisabolition
of teleological explanation, citing Asa Gray's struggles with this problem (172). This leaves something to be
desired, but Kuhn's real point is to raise a rhetorical question: "What could 'evolution,' ‘development,’ and
'progress mean in the absence of a specified goal? To many people, such terms suddenly seemed self-
contradictory" (172). In fact Darwin did work this out, in part because he worked within a tradition of
"uniformism" - and perhaps Kuhn knows he did and is just leaving the exercise to students. Darwin did even
acknowledge the possibility that there might be a God with a plan acting asthe final cause, though he thought
it presumptuous of usto think we could understand or explicate that plan. Primarily he made observations of
existing geological formations, both in the inorganic and the organic kingdoms of nature, and he proposed
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explanations of the processes that led to those results "by reference to causes now in operation." He most
definitely did not think that evolution proceeded by means of revolutions or catastrophes; in fact, as Eldredge
and Gouldargued, heevendlightedthe possibility of " punctuated equilibriums’. Naturedoesoccasionally make
leaps- or at least take afall - contrary to Darwin'sfavorite L atin tag: Natura non facit saltum. Here Darwin was
following the lead of his mentor, geologist Charles Lyell. But, while Darwin believed in the uniformity of
natural causes over time, he also added significantly to our knowledge of the extent and diversity of natural
variation; his experience on the Beagle showed that this was far greater than Lyell's evidence had suggested.

Thecritical point for usisthat Darwin focused on particular, proximate causes rather than somefinal,
though inscrutable, cause. In the case of nature, histheory about the origin of species depends upon naturally
occurring variation, reproduction andinheritance, thestrugglefor existencethat arisesfrom geometricincrease,
andtheresulting gradual but inel uctabl e sel ection of fitter individual sduring periodsof change. Hedid not know
how inheritanceoccurs, what gavelifethecapacity toreproduce, or anything much about the causesof variation,
but all of thosethingswere clearly present in the record even without knowing their specific causes. Histheory
was about how natural selection would explain the origin of species. He showsthat no interventionisrequired
by a Supreme Being following Her Fixed Plan, just the processes of nature as we can observe them occurring
today.

Darwin did admit that chance plays a part, in the kinds of variation that occur, in the changing
environmental conditionsthat determine fitness, and inimpeding or allowing the geographic distribution of a
successful variation; and this was troublesome to many. Variations occur as the result of processes unknown
to Darwin, and regularitiesin its operation were only the subject of speculation. But in the case of geological
changes, they are - as Lyell had shown - clearly the results of observable processes such a sedimentation and
erosion, the accumulation of shells and fossils, the growth of coral, earthquakes, volcanic eruptions, and
glaciers. Thisisnot chance, though thetiming may berandom. Natural selectionisneither chance nor random,
but aregular, law-governed process: it alwaysappliesover along timethe criteriaof fitnessin reproduction and
survival, adaptation withintheexisting, often changing, polity of nature. True, what constitutesfitnessin nature
may not suit human tastes or understanding. Still, in the case of variation under domestication - more directly
anal ogousto selection in scientific communities- it isclear that there are criteriaof selection used by breeders,
but nosingleoverall plan or purposethat they universally follow. They all depend upon variation, reproduction,
andinheritance, though somebreederswill select pigeons, say, for speed, somefor plumage, somefor tumbling,
etc. In contrast, nature always sel ectsindividual s having even amarginal advantage in survival and reproduc-
tion. So, for Darwin, attention shiftsfrom God's master plan to admiration for theway in which the complexity
and perfection of the natural organic world could result from the working out of such simplelaws, causes till
observably in operation and used by humans in domestication to produce startlingly divergent organisms,
beginning from afew simple forms or even from one single form of living creature.

Where did Polanyi stand on applying an evolutionary model to science?He did not insist that science
isunchangeable, or that it proceeds directly and inevitably toward perfection. Nor did he believe that science
wasonly conceptual. Hedidinsist that it wasapractice and acommunity of practitioners. Hedid insist that there
arediversepurposes, principlesof selection, in operationwithin scientific communities, and that acommitment
to truth is the ultimate determinant of the survival of variations, great and small, between theoretical
explanations. He was, however, opposed to any inflexible paradigm, against seeing science as dogma - even
inperiodsof "normal" science. And he opposed theimposition of any overall final plan from outside of science
or any singlepurposefromwithin. Nothing hereisincompatiblewithaDarwinianapproach. Infact, where Kuhn
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suggestsparadoxesbetween"evolution™ and " devel opment" and proposes" revol ution™ asthe major mechanism
of evolution, Polanyi talks about proximate causes, about how new theories arise out of existing practice, and
about how they arejudged within the scientific community. | suspect that hewas not annoyed about Kuhn'suse
of evolution per say, but that he had questions about how a scientific community would operate as a scientific
community if itweretorelinquishthat commitment totruth asatestinel uctably applied, at |east when temporary
obstacles are overcome. Scientific training and practice and the community of practitioners ultimately
determinethe"fitness" of any scientifictheory, and Polanyi observedin somedetail how theseprocessesoperate
"by causes now in operation” either in a period of "normal" or of "revolutionary" science.

So, Polanyi did not object to a Darwinian approach. His problem was with Kuhn relinquishing a
commitment to truth asthe measure of the adaptiveness of theoriesand practices. For Polanyi, onecould forego
teleology without relinquishing asearch for truth. Giving Kuhnthe benefit of the doubt, | accept that hedid not
really intend to suggest that the development of science was possible in the absence of some conformity to
purpose and to practice. He did not say outright that science is fundamentally a subjective and irrational
enterprise, though he may not have been unambiguously clear on this point. He only said that we did not need
teleology, that we did not need to hypothesize afinal cause, an ideathat he had likely once held himself, and
onethat his undergraduates may have brought regularly to class, indeed one suggested by their textbooks, but
one that other professionalsin the history of science had already given up.

2.) Textbooks, paradigms, and working as a scientist

In the concluding sentence of Sructure, Kuhn wrote, "Since [the evolutionary view of science
developed here] is aso compatible with close observation of scientific life, there are strong arguments for
employing it in attempts to solve the host of problemsthat still remain” (173). Let us judge Kuhn's approach
and Polanyi's on this basis.

L ooking againat The Sructur eof Scientific Revolutions| havethreereactions, which can beorganized
inagraded series. Firgt, thereisthat annoying term, paradigm, that has been used - and abused - so often since
the book appeared. Second, thereis the feeling that we are dealing with a particular set of phenomena, not a
complete approach to the history of science but only part of it: sometimes there isthe crisis over the existing
textbook formulation of a set of scientific problems, and this leads to a revolutionary replacement by a new
formulation. Thereis, after all, somelegitimacy to this pattern if we do not pushittoofar, or if wetakeit asthe
narrativefor an introduction to scientific endeavor for those who have no direct experiencewithit. Then third,
as| look at Kuhn'stext in detail, | begin to wonder whether Thomas Kuhn himself understood it that way: as
an approach that raised problemswithout giving them any singlefinal answer, and that addressed difficulties,
anomalies, inaspecificearly positivist view of scientifictheories. So, perhapsK uhn'squestionswereovertaken
by the popular success of hiscoinage. | cannot entirely convince myself of thisthird hypothesis, but | see some
evidence. There is no Wag to come to a definitive conclusion without getting deeply into Kuhn-'Lehre' (as
Stephen Toulmin callsit),” butitisauseful hypothesisif it causesustolook carefully at what Kuhnwastrying
to accomplish.

My first reactionisof coursetotheclichésthat "paradigm" and " paradigm change" have become, used
to lend gravitas to every new marketing angle. Some of this was undoubtedly outside of Kuhn's control. Itis
of significance here only becauseit isanegative factor in my reaction. Kuhn's own definition simply saysthat
aparadigmisan achievement that is" sufficiently unprecedented" to attract afollowing and " sufficiently open-
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ended" to require further problem-solving (10). Both of these are requirements for any kind of evolutionary
survival, indeed for any effective cause. Hefurther saysthat such an achievement will provide modelsfor "law,
theory, application, and instrumentation" and that it will have "conceptual, observational, and instrumental
applications’ (43). Butitishard not toread " paradigm™ asprincipally conceptual, asin hisexamplefrom optics:
light isfirst material corpuscles, then transverse wave mation, finally quantum-mechanical entities (photons)
exhibiting characteristicsof both. Such scientific conceptualization isby definition disembodied from thetacit
experience of scientists.

My second reaction ismore serious and, | hope, less dependent on popular distortionsthat may have
crept into Kuhn's terminology. Kuhn's topic seems to be not a general theory for the history of science, but a
specia theory about revolutions that affect the presentation of science in textbooks. His story goes like this:
"normal science" despite its ultimate shortcomings proceeds efficiently, delaying expensive retooling and
working on a defined set of problems in the way that a factory produces widgets. In fact "normal science"
proceedsinjust theway that Kuhnisout to discredit asthe overall explanation of science: it makesincremental
improvements toward afinal goal. But, faced with anomalies, normal science reaches a crisis, and scientists
suffer feelings of uncertainty. Continuous progress is broken at such points.

Thus Kuhn presents akind of "catastrophist" hypothesis: sciences repeatedly suffer from crises that
arerelieved only by revolution. Surely thisis part of thestory, just asrevolutionsplay arolein political history,
and sometimes - only rarely - these revolutions are conceptual . Necessarily, the frameworks of a science as
presented in textbooks will be fixed, especially in retrospect. Necessarily, change will then appear as
discontinuous, theoretical frameworks incommensurable, even though they may arise from a continuous
processof tacit knowing. Such ahistoriography will then conveniently dividethehistory of scienceinto epochs,
andthishasapedagogical value. But thiswill disguisethe processesin continuousoperation: asLyell observed
about the catastrophist hypothesisin geology, "wesee ... adesiremanifestly shownto cut, rather than patiently
to untie, the Gordian knot."? In this case, the Gordian knot involves how scientists could arrive at any
achievement sufficiently unprecedented and sufficiently open-ended working within atradition that enforces
an element of apparent arbitrarinessand that drastically restrictsthe possible observations. That suchinflexible
systemswill ultimately suffer some sort of crisis, even collapse, isnot at all hard to understand. Clearly, there
then will be discontinuities in the overall conceptual framework of particular sciences over time. But we still
need to unravel the processes of exploration and discovery, of transmission of the skills of observation and the
making of effects, of variationintheoretical constructs, indeed of theencouragement of divergenceinthinking,
in matters both internal and external to the scientific endeavor, that are in operation. We need to look for the
dynamic processes, and see that the crises and revolutions are merely epiphenomena.

Looking at Kuhn'stext, | beginto suffer qualmsabout my criticisms. Was Kuhn perhapsawareof all,
or at least some, of this? Was his presentation of "normal” and "revolutionary" science intentionally didactic,
even abit provocative? Did he actually intend a special, and not ageneral, theory of science? In Sructure, he
saysthat hehasappropriated " paradigm™ from theword for an accepted model or pattern, asfor the conjugation
of agroup of regular Latin verbs. Six years before that, in the preface to The Copernican Revolution, he says
that students in a General Education course on science will learn about these technical facts and theories
"principally asparadigmsrather than asintrinsically useful bitsof information™ (xi). So, was" paradigm change”
really just ameans to a pedagogical end? Who exactly was the intended audience?

Without doing a systematic search, | do find indications that Kuhn intended Structure as merely an
outlineof part of hisposition, asan argument against aparticularly narrow and doctrinaire view of science, and
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itself asan effort to force anew paradigm on the basi s of which anew sort of history and philosophy of science
would comeintoview. Inthepreface, Kuhnadmitsthat he says' nothing about theroleof technol ogical advance
or of external social, economic, and intellectual conditions" even though he also says, "One need ... ook no
further than Copernicus and the calendar to discover that external conditions may help to transform a mere
anomaly into a source of acutecrisis' (x). The problems with the Copernican revolution come up again later:
"Though immensely important, issues of that sort [i.e., those outside of the breakdown of normal technical
puzzle-solving] are out of boundsfor thisessay" (69). In Kuhn'sfirst chapter, he admitsthat " Section X111 will
ask how development through revol ution can be compatible with the apparently unique character of scientific
progress. ... this essay will provide no more than the main outlines of an answer, one which depends upon
characteristics of the scientific community that require much additional exploration and study" (8). He also
recognizes that this is a historical study that is itself seeking conceptual transformation, and that his own
attemptsto apply variousintellectua dichotomiesto his subject have made those distinctions " seem extraor-
dinarily problematic" (8-9). And the same puzzlement arises again in the final section: it is clear that we can
reject thesimplenotionthat "thereissomeonefull, objective, trueaccount of natureand that the proper measure
of scientific achievement isthe extent to which it bringsuscloser to that ultimategoal" (171). But how thenare
we to understand progressin science and how does the model of crisis and revolution help usto unravel that
process?

In the middle of all this, Kuhn tells us that a century ago he could have "let the case of the necessity
of revolutionsrest at thispoint" but that today he needsto addressaninterpretation of scientifictheories"closely
associated with early logical positivism and not categorically rejected by its successor,” which "would restrict
the range and meaning of an accepted theory so that it could not possibly conflict with any later theory" (98).
We should take this very seriously, given that the essay was published in the International Encyclopedia of
Unified Science, which began asalogical-positivist project. Kuhnis confronting thisinterpretation becauseit
redeems and revitalizes the old idea that science progresses by incremental improvement, that it is merely
puzzle-solving and the accumulation of facts. Now, if all that Kuhn istrying to do isto force us to abandon a
doctrinaire view of science, to recognize that scientific frameworks are useful but can get frozen into dogma,
to accept the necessity and the historical fact of revolutionary changesin framework, and to adopt fresh models
and patterns of explanation when they arebetter adapted to the circumstances, okay: | can gowiththat. But then
he brings us just to the point where the interesting questions begin. The catch is - and Kuhn knew and
acknowledged this (though perhapstoo fleetingly) - otherswere already past that point. Kuhn's argument was
not with the likes of Michael Polanyi, Stephen Toulmin, Norwood Russell Hanson, and certainly not with the
Thomas Kuhn who wrote The Copernican Revolution. Instead he is arguing either with a naive sort of
undergraduate who believed in teleological progress or with a positivist sort of philosopher who believesthat
theoriesalwaysexhibit alogical inclusivenessof preceding theories- to Kuhntheir notionsabout science suffer
the same inadequacy. The Sructure of Scientific Revolutions offers an argument against views of science that
seeit as progressing toward a unitary goal. It does not say much about the processes by which it does evolve,
diverge, and select, even though Kuhn was aware that there was already aliterature on that subject, with alot

to say.

When | think about Michagl Polanyi's work, undertaken after alifetime of active scientific practice,
| am struck by the historical circumstance that Polanyi already had a lot of answers to Kuhn's questions in
Sructure, to the seeming contradiction of "evolution" and "development"”, to the paradox of having a
commitment to truth without the need for asingle fixed goal asin teleological explanations. Polanyi explains
how both technol ogi cal advancesand other external changesintheintellectual climate producenew variations;
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and heshowsthat thisisbuiltintothetacit knowing of practitioners. Heshowshow "inheritance" worksthrough
commitmentsto the scientific community and by the process of training and apprenticeship within science. He
explainshow scientific advancesarenot just amatter of conceptual change, not just shiftsinmental framework,
but aprocess of continuing adaptivenessin practiceand in judging theresults. Hedoes not rely onfinal causes,
but showsusthat personal knowledgeistheresult of causesstill in operation, aseriesof small adjustmentsthat
sometimes can produce awholly new framework with awhole new set of problemsin its wake, but without
need of Divine intervention.

Intheend, | amleft withmy own experience of applying Polanyi'suseful insights. They providearich
story of how humans within a scientific community explore and engage in knowing; how they adapt their
conceptstowhat they find; how those conceptslead to new techniques, new facts, and new concepts; and how
the activity and the skillsare passed from generation to generation. Polanyi and otherswere already providing
answersto thedidactic questionsthat Kuhnraisedin Sructure. That would explainto some extent why Polanyi
joined forces with Kuhn, and also what Kuhn saw, though perhaps only superficially, in the work of Polanyi.
In Kuhnian terms, we can seethisasindicating adifference of worl dviews, and we could heighten the contrast
and thereby make them into competing paradigmswithin arevolutionary period in the history of science. Y et,
in Polanyian terms, we can seethisasarising from differencesin their working experiencesandin the purposes
that each had in writing. Kuhnisreporting on hisown realization that science does not progress by increments
toward asingle account of natureasitsfinal cause, apoint hewasmaking to undergraduatesat Harvard asearly
as1947. Polanyi isreporting on hisown lifelong personal experiencewith the processesby which sciencedoes
operate, its modes of variation, inheritance, adaptation, divergence, and selection.

In The Srructure of Scientific Revolutions (1962), Thomas Kuhn raised questions about scientific
theories. By then, otherslooking at scientific practice - Michael Polanyi among them - had answers.

Endnotes

IMichael Pol anyi, Science, Faith and Society, 2d ed. (Chicago: University of Chicago Press, 1964):
35-38. Theanalogy appearsin the 1st ed. (1946), but Polanyi statesin his*Background and Prospect” for the
2d ed. that he is “doubtful today” about this notion (14). Certainly ESP plays no such role in Personal
Knowledge (1958). So, it is likely that the early familiarity with Polanyi that Kuhn mentionsin his letter to
Poteat (1967) may haveended prior tothe publication of Personal Knowledge (seeMoleski’ sarticle, thisissue,
pp. 12-15).

2 “Postscript 1969,” The Structure of Scientific Revolutions, 2d ed. (Chicago, University of Chicago
Press, 1970), 174, 175. Citations throughout are to the 2d ed. unless otherwise noted.

Thisisnot acriticism of the statement in the last paragraph of Moleski’ s article where he correctly
pointsout that both Polanyi and Kuhn shifted to philosophy because of asimilar interest inthe human sciences,
without comparing their prior working experience.

4ThomasS. Kuhn, * Preface” to The Essential Tension (Chicago: University of Chicago Press, 1977),
X.

Sgructure, 2d ed.; inthe st ed., paging withinthefinal section (X111) isthe same but startson p. 159
rather than 160; so, this appears one page earlier, on p. 169, in the 1st ed.

Personal communication, acharacteristicturn of phrase. Thisshorthand for study of aperson’ sviews
derivesfrom the conventional titlefor abook of teachingsin German, e.g. Musiklehre asthetitle of atextbook
onmusic. But here the subject would be Kuhn' stheories and doctrines rather than, say, the history of science.

7SeeStephen Toulminand June Goodfield, TheDiscoveryof Time(New Y ork: Harper & Row, 1965),

163-170. The quote from Lyell appears on p. 168.
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