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Introduction

Thomas Kuhn is an American author.   His book, The Structure of Scientific Revolutions, was published in 1962.

He is both a historian of the natural sciences and a philosopher.  His work (on the scientific revolutions) revolutionized the philosophy of science.  

Although geometry provided Descartes with his philosophical methods (starting from an unshakable axiom), it did not provide the material for his philosophical discussion.  The situation is quite the reverse with Thomas Kuhn: The natural sciences do not provide him with a philosophical method but provide the material or content of his philosophical discussion.

Descartes wanted to build the foundation of all sciences.  Kuhn wants to describe, based on the history of sciences, the nature and structure of scientific discoveries and theory development.  The guiding questions are: How does the development of a new theory come about?  What are the conditions that lead to scientific revolutions and new theory development?  

Kuhn proposes that there is no single Archimedean point that Descartes sought for sciences.  Rather sciences advance by ‘paradigm shifts’ or ‘revolutions.’  Sciences do not progress but undergo paradigm shifts like a gestalt switch (e.g., duck-rabbit diagram).  

What is a paradigm?  

Paradigm: “universally recognized scientific achievements that for a time provide model problems and solutions to a community of practitioners” (x).  

“A paradigm is what the members of a scientific community share, and, conversely, a scientific community consists of men who share a paradigm” (176).
Paradigms consist of all aspects of scientific enterprises, both theoretical and practical: 

“… some accepted examples of actual scientific practice--examples which include law, theory, application, and instrumentation together-- provide models from which spring particular coherent traditions of scientific research.  These are the traditions which the historian describes under such rubrics as ‘Ptolemaic astronomy’ (or ‘Copernican’), ‘Aristotelian dynamics’ (or ‘Newtonian’), ‘corpuscular optics’ (or ‘wave optics’), and so on” (10).  Paradigms articulate particular schools of thought or theory.

Paradigms are refined by scientists specializing in the field; and are used to discover more facts in support of and advancement of the relevant paradigm.  Once adopted by the general scientific community, paradigms are articulated and popularized in the text books for new students of sciences to learn and to pursue.

Paradigms are perpetuated by text books or by books serving as the key to a new discovery: 

“These textbooks expound the body of accepted theory, illustrate many or all of its successful applications, and compare these applications with exemplary observations and experiments” (10).  Before 20th century textbooks, the great scientists’ books served the same functions; e.g., Aristotle’s Physica, Ptolemy’s Almagest, Newton’s Principia and Opticks, Franklin’s Electricity, Lavoisier’s Chemistry, and Lyell’s Geology.

“The textbooks… are produced only in the aftermath of a scientific revolution.  They are the bases for a new tradition of normal science” (144).
“[Paradigms] are the source of the methods, problem-field, and standards of solution accepted by any mature scientific community at any given time (103).  

“… paradigms provide scientists not only with a map but also with some of the directions essential for map-making.  In learning a paradigm the scientist acquires theory, methods, and standards together, usually in an inextricable mixture (109).  

Paradigms generally have the following two characteristics: the scientific achievements must be “sufficiently unprecedented to attract an enduring group of adherents away from competing modes of scientific activity” (10); it must be “sufficiently open-ended to leave all sorts of problems for the redefined group of practitioners to resolve” (Ibid).

The accepted paradigm is never complete and exhaustive (there are always some remaining and unexplained data).  Since the paradigm is open-ended, one always finds a new set of facts, which in turn contributes to refining or furthering a given theory.  Data collection is theory-depend, like a self fulfilling prophecy.

The success of a paradigm depends on the scientists’ “commitment to the paradigm” (25).

Examples of paradigms: 

Aristotle’s analysis of motion; Ptolemy’s computations of planetary position; Copernicus theory of the earth as moving around the sun, Galileo’s further discovery on astronomy and motions of the falling objects as independent from weight or horizontal motion (i.e., pendulum, 119); Newton’s theory of gravity, mass inertia, and of optics; Maxwell’s mathematization of the electromagnetic field; Einstein’s theory of relativity and mass/energy; the black-hole theory; the big-bang theory; Heisenburg’s probability and quantum mechanics; Lavoisier’s discovery of oxygen (vs. phlogiston theory); Franklin’s explanation of electricity; Darwin’s theory of evolution (vs. teleology of nature); the description and conceptualization of DNA.

Instruments or events that brought about the paradigm changes: 

Galileo satellite telescope; Hubble Space Telescope; Roentgen’s discovery of X-rays; contemporary mappings of human genome; discovery of HIV/AIDS; discovery of the ‘smart-bombs’ against cancer cells; the anti-matter; personal computers and invention of faster microchips; internet (the switch system); etc.

Food for thought: 

Is the creation narrative in Genesis a scientific paradigm?  Should it be taught in schools?

Function of paradigm in normal sciences:

Normal science: a “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” (10).  It builds on and expands from the past scientific achievements.  It is accumulative and progressive.

Normal science seeks to preserve the status quo:

No one “call[s] forth new sorts of phenomena;… those that will not fit the box are often not seen at all” (24).  “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” (24).

Paradigm offers a promise and a guide for a research in normal sciences:

“Paradigms gain their status 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 success of a paradigm… is at the start largely a promise of success discoverable in selected and still incomplete examples.  Normal science consists in 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 extend of the match between those facts and the paradigm’s predictions, and by further articulation of the paradigm itself” (23-24).

The normal science is a puzzle solving process:

“The scientific enterprise as a whole does from time to time prove useful, open up new territory, display order, and test long-accepted belief.  Nevertheless, the individual engaged on a normal research problem is almost never doing any one of these things.  Once engaged, his motivation is of a rather different sort.  What then challenges him is the conviction that, if only he is skilful enough, he will succeed in solving a puzzle that no one before has solved or solved so well.  Many of the greatest scientific minds have devoted all of their professional attention to demanding puzzles of this sorts” (38).

Puzzle solving presupposes the rules of the game; the scientist must operate within the scientific convention and accepted practices:
“There must also be rules that limit both the nature of acceptable solutions and the steps by which they are to be obtained.  To solve a jigsaw puzzle is not, for example, merely ‘to make a picture.’  Either a child or a contemporary artist could do that by scattering selected pieces, as abstract shapes, upon some neutral ground….To achieve that all the pieces must be used, their plain sides must be turned down, and they must be interlocked without forcing until no holes remain…” (38).  [Examples of scientific rules???]

A puzzle must contain a solution and must be composed of many pieces that fit together in the end:

(1) There must be a belief in the solution at the end (37, 38); and (2) there must be “the existence of the strong network of commitment--conceptual, theoretical, instrumental, and methodological.”  [Because the network provides a scientist with the rules that tell him] “what both the world and his science are like, he can concentrate with assurance upon that esoteric problems that these rules and existing knowledge define for him” (42).  

How does a scientific revolution occur?

Anomalies must be discovered.  [Examples of anomalies]

Anomalies do not fit the existing paradigms:  “the characteristic feature [of anomalies] is their stubborn refusal to be assimilated to existing paradigms” (97).

Anomalies usually cause the sense of crisis in the scientific community.

E.g., Bruner and Postman’s psychological experiment: a red six of spades and a black four of hearts (63): 

Crisis loosens the rules of existing scientific community: “… crisis loosens the rules of normal puzzle-solving in ways that ultimately permit a new paradigm to emerge” (80).

The existing paradigm enables the discovery of anomalies:

“Without the special apparatus that is constructed mainly for anticipated functions, the results that lead ultimately to novelty could not occur…. Anomaly appears only against the background provided by the paradigm.  The more precise and far-reaching that paradigm is, the more sensitive an indicator it provides of anomaly and hence of an occasion for paradigm change” (65).  E.g., the foreground and the background.

The existing paradigm resists novelty:

“In science, as I the playing card experiment, novelty emerges only with difficulty, manifested by resistance, against a background provided by expectation” (64).  

Anomalies and crisis are suddenly terminated: “… normal science ultimately leads only to the recognition of anomalies and to crises.  And these are terminated, not by deliberation and interpretation, but by a relatively sudden and unstructured event like the gestalt switch.  Scientists then often speak of the ‘scales falling from the eyes’ or of the ‘lightening flash’ that ‘inundates’ a previously obscure puzzle, enabling its components to be seen in a new way that for the first time permits its solution” (122)

When anomaly is anticipated, it is ‘discovered:’

“That awareness of anomaly opens a period in which conceptual categories are adjusted until the initially anomalous has become the anticipated.  At this point the discovery has been completed” (64).  

Anomaly leads to development of a new theory.

A new theory is not accumulative:

 “[A] new theory … is seldom or never just an increment to what is already known.  Its assimilation requires the reconstruction of prior theory and the re-evaluation of prior fact, an intrinsically revolutionary process that is seldom completed by a single man and never overnight” (7).

Scientific revolutions involve the shift of commitments to a new theory or paradigm: “The extraordinary episodes in which that shift of professional commitments occurs” (6).  

Scientific revolution involves a paradigm switch, like a gestalt switch.  It is like “’picking up the other end of the stick’” (85).  It involves  “’handling the same bundle of data as before, but placing them in a new system of relations with one another by giving them a different framework’” (85).  Paradigm switch is like scrambling the many color tiles and creating a new image by rearranging them all in a different way.

Paradigm changes come about not because of some logical or scientific reasons: “[the reasons for change] do not derive from the logical structure of scientific knowledge” (95).   

Changes occur not because an existing theory is proven to be wrong or falsified:

E.g., Einstein’s relativistic dynamics is accepted over Newtonian not because the latter is wrong.  The latter is still in use in select cases by many physicists (99).  

Paradigm changes occur as the generation of new scientists emerge: “Conversions will occur a few at a time until, after the last holdouts have died, the whole profession will again be practicing under a single, but now a different, paradigm” (152).

Darwin at the end of his Origin of Species wrote: “’Although I am fully convinced of the truth of the views given in this volume…. I by no means expect to convince experienced naturalists whose minds are stocked with a multitude of facts all viewed, during a long course of years, from a point of view directly opposite to mine’” (151)

Max Planck in his Scientific Autobiography: “’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’” (151).

Incommensurability of paradigms:

“The normal-scientific tradition that emerges from a scientific revolution is not only incompatible but often actually incommensurable with that which has gone before” (103).

“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” (77).

A new paradigm redefines old concepts and data:

“[Paradigms] are the source of the methods, problem-field, and standards of solution accepted by any mature scientific community at any given time.  As a result, the reception of a new paradigm often necessitates a redefinition of the corresponding science” (103).  

No possibility of paradigm evaluation from an external perspective:

“There are no external standards to permit a judgment [as to whether a theory is inherently unscientific nor metaphysical in some pejorative sense].  What occurred [in a shift of paradigms] was neither a decline nor a raising of standards, but simply a change demanded by the adoption of a new paradigm” (108).

“… when paradigms change, there are usually significant shifts in the criteria determining the legitimacy both of problems and of proposed solutions” (109).  Thus no objective evaluation of two paradigms can be possible.

“Consider, for another example, the men who called Copernicus mad because he proclaimed that the earth moved.  They were not either just wrong or quite wrong.  Part of what they meant by ‘earth’ was fixed position.  Their earth, at least, could not be moved.  Correspondingly, Copernicus’ innovation was not simply to move the earth.  Rather, it was a whole new way of regarding the problems of physics and astronomy, one that necessarily changed the meaning of both ‘earth’ and ‘motion.’ (149-50).  Under a new paradigm, the concepts involving the same terms changes; therefore, one concept under one paradigm does not refer to the concept under the same name in another paradigm.  The same is the case in philosophy: e.g., “ideas” in Plato and in Descartes.

Food for Thought: Are there words spelled the same but mean different in different languages?  E.g., “car” in French means “bus, coach”; “~ de police” means “police van.”

How does the gestalt switch occur?

The switch occurs not by the fitness tests: 

“it is just the incompleteness and imperfection of the existing data-theory fit that, at any time, define many of the puzzles that characterize normal science.  If any and every failure to fit were ground for theory rejection, all theories ought to be rejected at all times” (146).

“When a new candidate for paradigm is first proposed, it has seldom solved more than a few of the problems that confront it, and most of those solutions are still far from perfect.  Until Kepler, the Copernican theory scarcely improved upon the predictions of planetary position made by Ptolemy.  When Lavoisier saw oxygen as ‘the air itself entire,’ his new theory could cope not at all with the problems presented by the proliferation of new gases, a point that Priestley made with great success in his counterattack” (156).

“Even in the area of crisis, the balance of argument and counterargument can sometimes be very close indeed.  And outside that area the balance will often decisively favor the tradition.  Copernicus destroyed a time-honored explanation of terrestrial motion without replacing it; Newton did the same for an older explanation of gravity, Lavoister for the common properties of metals, and so on.  In short, if a new candidate for paradigm had to be judged from the start by hard-headed people who examined only relative problem-solving ability, the sciences would experience very few major revolutions” (157).

“But paradigm debates are not really about relative problem-solving ability…  Instead, the issue is which paradigm should in the future guide research on problems many of which neither competitor can yet claim to resolve completely.  A decision between alternate ways of practicing science is called for, and in the circumstances that decision must be based less on past achievement than on future promise.  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… have faith that the new paradigm will succeed with the many large problems that confront it, knowing only that the older paradigm has failed with a few.  A decision of that kind can only be made on faith.” (157-58)

“There must … be a basis, though it need be neither rational nor ultimately correct, for faith in the particular candidate chosen.  Something must make at least a few scientists feel that the new proposal is on the right track, and sometimes it is only personal and inarticulate aesthetic considerations that can do that” (158).

“The competition between paradigms is not the sort of battle that can be resolved by proofs” (148).

“… neither proof nor error is at issue.  The transfer of allegiance from paradigm to paradigm is a conversion experience that cannot be forced” (151).  It is not frivolous or arbitrary.

“[The considerations that cause scientists to reject an old paradigm in favor of a new] are the arguments, rarely made entirely explicit, that appeal to the individual’s sense of the appropriate or the aesthetic--the new theory is said to be ‘neater,’ ‘more suitable,’ or ‘simpler’ than the old” (155).

When a scientific disagreement occur, there is no objective means of resolving it:

“If two men disagree, for example, about the relative fruitfulness of their theories, or if they agree about that but disagree about the relative importance of fruitfulness and, say, scope in reaching a choice, neither can be convicted of a mistake.  Nor is either being unscientific.  There is no neutral algorithm for theory-choice, no systematic decision procedure which, properly applied, must lead each individual in the group to the same decision” (from “The Postscript,” 199-200).  [Food for Thought: Is this any different in the businesses?]  

It is by persuasion, not by scientific reasoning or argument, that the changes come about; and the persuasion is rooted in the scientists’ shared values and experiences.  It is sociologically grounded: “… it is the community of specialists rather than its individual members that makes the effective decision…. What one must understand, however, is the manner in which a particular set of shared values interacts with the particular experiences shared by a community of specialists to ensure that most members of the group will ultimately find one set of arguments rather than another decisive.  [NP] That process is persuasion… (200).

The incommensurable viewpoints:

“Two men who perceive the same situation differently but nevertheless employ the same vocabulary in its discussion must be using words differently.  They speak, that is, form what I have called incommensurable viewpoints” (200).  This is not just a linguistic problem because “They cannot… resort to a neutral language which both use in the same way and which is adequate to the statement of both their theories or even of both those theories’ empirical consequences” (201).

Overcoming the incommensurability:

 “Briefly put, what the participants in a communication break-down can do is recognize each other as members of different language communities and then become translators” (202).  … “Each will have learned to translate the other’s theory and its consequences into his own language and simultaneously to describe in his language the world to which that theory applies.  This is what the historian of science regularly does (or should) when dealing with out-of-date scientific theories” (202).  

“To translate a theory or worldview into one’s own language is not to make it one’s own” (204).

New paradigm and the experience of a new world

“… paradigm changes do cause scientists to see the world of their research-engagement differently” (111).

“… though the world does not change with a change of paradigm, the scientist afterward works in a different world” (121).   “… after a revolution scientists work in a different world” (135).  “Practicing in different worlds, the two groups of scientists see different things when they look from the same point in the same direction….” (150).

“… [the flashes of revolutionary intuitions] gather up large portions of that experience and transform them to the rather different bundle of experience that will thereafter be linked piecemeal to the new paradigm but not to the old” (123).

“… the proponents of competing paradigms practice their trades in different worlds.  One contains constrained bodies that fall slowly [i.e., Aristotle], the other pendulums that repeat their motions again and again [i.e., Galileo].” (150).

“Again, that is not to say that they [the competing groups of scientists] 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 the other.  That is why a law that cannot even be demonstrated to one group of scientists may occasionally seem intuitively obvious to another.  Equally, it is why, before they can hope to communicate fully, one group or the other must experience the conversion that we have been calling a paradigm shift.  Just because it is a transition between incommensurables, the transition between competing paradigms cannot be made a step at a time, forced by logic and neutral experience.  Like the gestalt switch, it must occur all at once (though not necessarily in an instant) or not at all” (150).

No objective world:

“No language thus restricted to reporting a world fully known in advance can produce mere neutral and objective reports on ‘the given’ (127).

“… Copernicans who denied its traditional title ‘planet’ to the sun were not only learning what ‘planet’ meant or what the sun was.  Instead, they were changing the meaning of ‘planet’ so that it could continue to make useful distinctions in a world where all celestial bodies, not just the sun, were seen differently from the way they had been seen before” (128-29).

Paradigm change=change of experience

“To see oxygen instead of dephlogisticated air, the condenser instead of the Leyden jar, or the pendulum instead of constrained fall, was only one part of an integrated shift in the scientist’s vision of a great many related chemical, electrical, or dynamical phenomena.  Paradigms determine large areas of experience at the same time” (129).

“… questions about retinal imprints or about the consequences of particular laboratory manipulations presuppose a world already perceptually and conceptually subdivided in a certain way.  In a sense such questions are parts of normal science, for they depend upon the existence of a paradigm and they receive different answers as a result of paradigm change” (129).

“…only after experience has been thus determined that the search for an operational definition or a pure observation-language can begin” (129).  

“… [theories] emerge together with the facts they fit 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” (141).

“We don to see electrons, but rather their tracks or else bubbles of vapor in a cloud chamber.  We do not see electric currents at all, but rather the needle of an ammeter or galvanometer…. The metaphor that transfers ‘seeing’ to contexts like these is scarcely a sufficient basis for such claims.  In the long run it will need to be eliminated in favor or a more literal mode of discourse” (196-97).

“…interpretation begins where perception ends” (198).

Food for Thought: Can there ever be a final, definitive physics, chemistry, biology, bio-chemistry, etc. against which no new paradigms can ever arise?  If the answer is no, what does “reality” mean in science?  Is there an “objective” reality?

Is there a progress in natural sciences?

“Viewed from within any single community, … whether of scientists or of non-scientists, the result of successful creative work is progress.  How could it possible be anything else? (162)  “… it is only during periods of normal science that progress seems both obvious and assured” (163)

[But] “Throughout the pre-paradigm period when there is a multiplicity of competing schools, evidence of progress, except within schools, is very hard to find…. And again, during periods of revolution when the fundamental tenets of a field are once more at issue, doubts are repeatedly expressed about the very possibility of continued progress if one or another of the opposed paradigms is adopted” (163).

The idea of progress is an illusion:

“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 and closer to the truth” (170).

“Does it really help to imagine that there is some one full, objective, true account of nature and that the proper measure of scientific achievement is the extent to which it brings us closer to that ultimate goal?” (171)  [The answer is No.]

Analogy between Darwin’s biological evolution and the scientific evolution in general: 

“The Origin of Species recognized no goal set either by God or nature.  Instead, natural selection, operating in the given environment and with the actual organisms presently at hand, was responsible for the gradual but steady emergence of more elaborate, further articulated, and vastly more specialized organisms” (172).  [The same type of evolution as at work in the history of sciences.  There is no marching toward or getting closer and closer to the ultimate truth.  The gestalt switch occurs without intrinsic reasons.]

“The process described .. as the resolution of revolutions is the selection by conflict within the scientific community of the fittest way to practice future science” (172).

Is science relativistic?

“The proponents of different theories are like the members of different language-culture communities.  Recognizing the parallelism suggests that in some sense both groups may be right.  Applied to culture and its development that position is relativistic.  [NP] But applied to science it may not be, and it is in any case far from mere relativism in a respect that its critics have failed to see.  … the demonstrated ability to set up and to solve puzzles presented by nature is, in case of value conflict, the dominant criterion for most members of a scientific group” (from “The Postscript,” 205).

“There is, I think, no theory-independent way to reconstruct phrases like ‘really there’; the notion of a  match between the ontology of a theory and its ‘real’ counterpart in nature now seems to me illusive in principle…. I do not doubt, for example, that Newton’s mechanics improves on Aristotle’s and that Einstein’s improves on Newton’s as instruments for puzzle-solving.  But I can see in their succession no coherent direction of ontological development [toward the ultimate truth].  On the contrary, in some important respects, though by no means in all, Einstein’s general theory of relativity is closer to Aristotle’s than either of them is to Newton’s” (206-7).   Progress in the history of natural science is an illusion.

[Thomas Kuhn’s three fundamental analogies: that of puzzle-solving game, gestalt switch, and of Darwin’s evolutionary biology.]

Food for Thought:  Can Thomas Kuhn’s view of the history of science applicable to all sciences, including mathematics?  Can it be applicable to the history of art, religion, and philosophy?
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