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Study Guide for Thomas Kuhn, The Structure of Scientific Revolutions

(Michael J. Crowe)

Preface


In his preface, Kuhn briefly recounts how he came to write this book. While finishing a doctorate in theo​retical physics at Harvard and spending three years as a Junior Fellow at that institution, he encountered the historical study of science. This experience led him to alter the view of science that he had formulated as a re​sult of reading sci​entific textbooks as well as books on the philosophy of science. He then began to teach courses in the history of sci​ence. Influenced by a group of authors who were in most cases historians of sci​ence, but who in some in​stances were philosophers or psychologists, especially the Gestalt psychol​ogists and Jean Piaget, he developed over the next decade the ideas presented in his book. He notes that a fundamental con​ception in his book is the idea of a paradigm. Kuhn de​fines (p. viii) paradigms as “universally rec​ognized sci​entific achievements that for a time provide model problems and solutions for a community of practi​tion​ers.”

Chapter I

Introduction: A Role For History


This chapter introduces the book (1) by presenting in concise form the main method​ological claim under​lying his treatment, and (2) by giving an outline of the major theses to be developed. His main methodological assump​tion is that history can provide a basis for an altered no​tion of the nature of science. [This is in con​trast to the methodological claim that the best way to determine the nature of science is by studying scientific textbooks or the logic of science.] He suggests that the traditional image of science formed from textbooks has led to a portrayal of the advancement of science as con​sisting in the steady accu​mulation of better factual information and the consequent improvement of theo​ries and the abandonment of the errors of earlier theo​ries. 


In opposition to this view, Kuhn suggests that re​cent studies of the past of science have shown that this pattern of development cannot be squared with a de​tailed knowl​edge of the history of science. It has become in​creasingly clear, he maintains, that there are no method​ological direc​tives that dictate a “unique sub​stantive conclusion” to most scientific ques​tions. Thus an arbi​trary element of signifi​cant magnitude is present in all scientific doctrines. Nonetheless, the sci​entist must base his/her work on a re​ceived set of beliefs about the world. Scientific work car​ried out within this set of be​liefs is called “normal sci​ence.” He describes this as a “strenuous and devoted at​tempt to force nature into the conceptual boxes supplied by profes​sional educa​tion.” (p. 5) Chapters III–V, he notes, treat its nature. 


The inevitably arbitrary element in science must lead scientists to en​counter problems or “anomalies,” which in turn may produce “crises” in which the re​ceived doc​trines are called into question. (Chapters VI–VIII deal with these topics.) This process in turn can re​sult in a “scientific revolution,” which he de​scribes as the “extraordinary episodes in which [a] shift of professional commitments occurs. . . .” (p. 6) The process of a scien​tific revolution, he urges, entails not only the replacement of a previous theory by a new one, but also the emergence of new research programs and new methodological canons. [This contrasts with the traditional view that although a theory change oc​curs in a scientific revolution, the goals and logic of science are unaltered.] Kuhn proceeds to note that in chapters IX–X, he will develop the thesis that as part of the process of a scientific revolution, the world as per​ceived by the scientist is fun​damentally transformed. 


Chapter XI consists of an at​tempt to show how text​books of science make revolutions invisible, whereas chap​ter XII concentrates on the question of how revolu​tionary conflicts come to be resolved. Finally, chapter XIII dis​cusses whether it is meaning​ful, within the perspective set out in the previ​ous chap​ters, to speak of science as pro​gress​ing.

Chapter II

The Route to Normal Science


Kuhn begins this chapter by defining “normal sci​ence” as “research firmly based on one or more past scien​tific achievements, achievements that some partic​ular sci​entific community acknowledges for a time as supply​ing the foundation for its further practice.” (p. 10) This can be put most succinctly by saying that normal science is re​search under a paradigm. Kuhn specifies the two fundamen​tal characteristics that a sci​entific achievement must have to count as a paradigm: (1) it must attract “an enduring group of adherents. . .;” thus some sociologically defin​able group must be associated with it; (2) it must be “sufficiently open-ended to leave all sorts of problems for the redefined group of practition​ers to resolve.” (p. 10) He notes that paradigms include or encompass law, theory, application, and instrument, and he could add as well a metaphysics and a methodology.


[Two points deserve noting at this stage. First, the contrasting position is that the basic unit for analyzing the nature of science is sci​entific theory. Kuhn urges that a larger entity, the paradigm, is the proper entity in terms of which the nature of science should be under​stood. Second, it is important to note Kuhn’s stress on a “sociologically definable group” being associated with each paradigm. At this point, a sociological dimension has entered his analy​sis and will continue to play a ma​jor part in it. This and his stress on history lead to the question: should his ap​proach be described as primarily descriptive or normative; in other words, is his goal to describe how science, in fact, does proceed or to make claims about how it should pro​ceed?]


Kuhn goes on in this chapter to urge that scien​tific research can be conducted even be​fore a paradigm has been established; he cites seventeenth-century elec​tricity as an example in this regard. Once a paradigm has been ac​cepted, however, it tells the scientist which facts are relevant and thereby directs observa​tion and experiment.


Part of the process of the establishment of a paradigm is that certain scientists bond to​gether to form a group, whereas others are ex​cluded. The formation of the paradigm group permits communication to begin within it, this typ​ically taking the form of papers ad​dressed to members of the group rather than books writ​ten for the public. In a much dis​cussed section, Kuhn raises the question whether the social sciences have as yet attained paradigms.

Chapter III

The Nature of Normal Science


This chapter is devoted to examining the activities carried out in normal science. At the end of this chap​ter, Kuhn lists these activities as of three types: (1) “determination of signifi​cant fact,” (2) “matching of facts with theory,” and (3) “articulation of theory.” What is strik​ing here is that for Kuhn the discovery of new facts and theories is not seen as part of normal sci​ence. One might suspect that normal science must be dull. Not so, he insists; problems abound in a paradigm and whereas the answer is usually clear, the way to at​tain that answer is in​triguingly obscure. 


Let us now look at his first type of activ​ity, that called “determination of significant fact.” He divides this into three parts. (1) The study of the facts that a paradigm has shown to be especially revealing, e.g., retrograde mo​tion. (2) The study of those facts that can be compared di​rectly with the theory; this typi​cally in​volves determining whether the predic​tions of theory are correct. Kuhn stresses that the cases in which a new theory can be com​pared with the world are surprisingly rare. (3) The establishment of constants and/or of em​pirical laws and also the determina​tion of how the the​ory can, among a number of conceiv​able ways, be ap​plied to the phenomena.


Another set of tasks entails matching facts with the​ory. Work must be done in develop​ing the theory so that it can be applied to the facts, e.g., in calculating astronomi​cal tables. “Articulation of theory” is also important; work must be done to make the theory more useful, coherent, or elegant.

Chapter IV

Normal Science as Puzzle Solving


This chapter focuses on the feature of normal sci​ence that it involves puzzle solv​ing. A contrast will high​light the significance of this claim: Kuhn is urging that normal sci​ence does not aim at “unexpected nov​elty” nor does it attempt to solve open-ended prob​lems that it ap​proaches without prior hints to their solution. Rather it concentrates on puz​zles, on problems that are of such a na​ture that one usually knows the answer be​fore one be​gins and that must be solved according to well es​tablished guidelines or rules. Within this con​text, various views about the nature of sci​en​tific activ​ity change dramatically. For ex​ample, (1) if in an ex​periment a new and un​ex​pected result emerges, this is not usually viewed, as some would say, as a discovery; it is rather seen as a research failure; (2) the ex​citement of science does not come from finding answers to ques​tions; the reason is that the an​swers are nearly always known beforehand. What is un​known is how to get them.


Normal science is then a highly structured activity in which one proceeds with definite expectations and usually according to widely accepted rules. Whence come these ex​pecta​tions and rules? It is from the paradigm, which Kuhn stresses includes (1) quasi-meta​physical commitments specifying the cate​gories in which the scientist should think; (2) method​ological precepts that tell the researcher how to proceed and what will count as an ade​quate solu​tion; and (3) instruments that provide ac​cess to the realm of observables defined by the paradigm and that implicitly rule out of consid​eration the rest of the world. Consequently, just as the world of a person trying to solve a picture-puzzle is highly structured, so also is the world of the scientist pursuing normal sci​ence.

Chapter V

The Priority of Paradigms


Kuhn calls his fifth chapter “The Priority of Paradigms;” a fuller and more descriptive ti​tle would be “The Priority of Paradigms over Rules.” The contrast​ing position is that science is a rule governed activity, as the philosopher Hempel, for example, would assert. Kuhn ar​gues that an area of science need not and fre​quently does not have a set of rules that govern it. He sets out four rea​sons for believing this.

(1)
Historians have encountered great diffi​culty in de​ter​mining that any group of scien​tists working in an area are governed by an explicit set of rules.

(2)
In learning an area of science, we do not primarily learn a set of rules; rather we learn certain standard ap​plica​tions of theories and the use of relevant instru​ments. Thus theories are not learned in the abstract but in conjunction with applications and instruments.

(3)
Moreover, in normal science, the scientist pro​ceeds mainly by direct modeling; rules be​come apparent or enun​ciated only when paradigms are called into ques​tion.

(4)
Because small revolutions occur, i.e., be​cause small groups of scientists can experience a revolution without this effect directly influ​encing science as a whole, it seems that what changes in such a small rev​olution must be not the rules, which would presumably extend be​yond the group, but rather the paradigm that governs the group.

Chapter VI

Anomaly and the Emergence of Scientific Discoveries 


That science frequently does produce novel results is obvious. But normal science does not seek to do so. What is to be said about this? The position that Kuhn is chiefly attacking here is that unexpected novelties have functioned as contradictions. Kuhn’s claim is that they have typi​cally been viewed as anomalies. Although they are, logi​cally speaking, contradictions that should, it seems, lead the scientist to jettison the theory, they are, in fact, treated as anomalies, as oc​ca​sions for adjustment of the paradigm.


Put differently, Kuhn is saying that scien​tists do not seek refutations of theories; in fact, scientists pos​sess a vast repertoire of tech​niques for accommodating new re​sults. If new results are viewed as anomalies, not as con​tradictions, it is clear that they must take time to emerge; they do not emerge in an instant. Thus we must say that oxygen was discovered not at some spe​cific time, e.g., in 1775, when Lavoisier discovered “air itself entire,” but rather sometime between 1774 and 1810. Thus discovery is a process that takes time, be​cause the empirical result, to become part of science, must be assimilated to the paradigm. As evi​dence of this, Kuhn cites the Bruner and Postman playing card experiments to suggest that paradigms not only influ​ence how we think, but even how we see. How in these terms can Kuhn explain why science is so pro​ductive of novelty? The answer is that paradigms give us very strong expectations as to how nature behaves. This makes us prone to notice deviations from these expec​ta​tions.

Chapter VII

Crisis and the Emergence 

of Scientific Theories


The main problem Kuhn treats in this chapter seems to be: how can new theories emerge? The central idea in the chapter is that of crisis. Kuhn suggests that in the life of a theory, it eventu​ally runs into a stage that he calls “crisis.” At this stage, anomalies be​gin to emerge as real problems, as contradictions or failures of the theory. Moreover, the theory frequently be​gins to appear overly complex or to break down into a number of competing versions of the main theory. Scientists thus come to expe​rience a measure of distress with the theory, which distress makes them suscep​tible to what they normally resist: the process of retooling, i.e., the process of developing a new theory that will be more acceptable. Crisis thus en​courages both the cre​ation and the ac​ceptance of the new theory and provides an atmosphere in which it can emerge as a rival. The paradigm is then in a state of crisis, which culminates in a scientific revolution.

Chapter VIII

The Response to Crisis


Kuhn’s eighth chapter is largely an elabo​ration of his idea of crisis, but it begins with an attack on the traditional idea that scientific the​ories can be falsified. He argues that what are traditionally labeled falsifica​tions are, in the actual process of science, usually per​ceived only as anomalies, as puzzles to be solved. This leads him to stress that scien​tists are very hesi​tant to reject theories or paradigms; in​deed, he asserts that paradigms are re​jected only when a better paradigm is avail​able. (p. 77) Kuhn goes on to elaborate vari​ous ac​tivities that characterize cri​sis peri​ods; for ex​ample, in crisis periods, one finds “the pro​lif​eration of competing articulations, the willingness to try anything, the expression of explicit discontent, the re​course to philosophy and debate over fundamentals.” (p. 91) These continue until a new paradigm emerges and is accepted. With this, the crisis comes to an end. The overall process that has occurred is called a scien​tific revolu​tion, the subject of his next chapter.

Chapter IX

The Nature and Necessity

of Scientific Revolutions


This chapter begins with a definition of scien​tific revolutions. These are “those non-cumulative develop​mental episodes in which an older paradigm is replaced in whole or in part by an incompatible new one.” (p. 92) In this definition, some of Kuhn’s most central theses emerge. He argues first of all that revo​lu​tions are not cu​mulative pro​cesses as some logical pos​itivists, for exam​ple, seem to assert. In a revolution, theories are not just patched up or improved; they are rather replaced by new theories that are fundamen​tally different. Logical posi​tivists frequently urge that rela​tiv​ity theory, for example, is simply a revision and improvement of Newtonian gravi​tational theory. Kuhn rejects this claim, suggesting instead that the shift from Newton to Einstein entailed not only the acceptance of a new set of laws, but also of fundamen​tally new and dif​ferent ideas, defini​tions, and approaches. Paradigms are made up of far more than certain laws; vari​ous ob​serva​tions, instruments, methodological criteria, theo​ries, and meta​physical perspectives are also included among their constitutive parts. Because of this, a de​bate between paradigms becomes very com​plex, because there is no neutral body of facts or accepted standards of method or shared metaphysical commitments that can serve to settle the disputes among the proponents of the different paradigms. This is comparable to the situation during a po​litical revolution in which, by definition, no superior body exists to which the contending parties can have recourse. In scientific revolutions, the funda​mental entities of one paradigm are viewed as occult princi​ples by proponents of the other paradigm. Newtonians reject the “natural place” ideas of the Aristotelians but accept “gravity” as a legit​i​mate prin​ciple.

Chapter X

Revolutions as Changes in World View


Kuhn’s tenth chapter contains his most far reach​ing and controversial claims. The central claim in the chapter is that experiencing a sci​entific revolution, i.e., moving from one paradigm to another, entails moving, in a sense, from one world to another. In a fun​da​mental and literal sense, one sees the world differently within different paradigms. Facts and observations change when the paradigm changes. To put it differ​ently, an​other source of the incommensurability of competing paradigms is that no neutral set of facts and observations is accepted by the pro​ponents of the two paradigms. In developing this point, Kuhn compares paradigm changes to gestalt switches. [To understand what these are, inspect the following fig​ures.
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Note that in gestalt switches, one sees the same object differently at different times. It is not that one views it dif​ferently or interprets it differ​ently; one literally sees it dif​ferently. This analogy helps explain how Herschel could see Uranus first as a star, then for over a month as a comet, then as a planet. It also helps in un​derstand​ing how astronomers saw such gaseous nebulae as Orion as resolved into stars.] Kuhn compares the prob​lems involved in learn​ing or coming to accept a new paradigm to difficulties in seeing a new gestalt. In do​ing this, he challenges one of the most fundamen​tal tenets of traditional philosophy of science and episte​mology, in particular, that observa​tion is not theory dependent, that what we be​lieve does not change what we see. This, in turn, raises problems for the view that in dis​putes, we can have recourse to observation and experiment as ultimate criteria of judgment.


Among the main illustrations that Kuhn discusses to support these ideas are the follow​ing: the discovery of Uranus, the chemical revolution, the Aristotelian versus the Galilean understanding of pendular motion, and the de​bate, crucial for the atomic theory, over whether chemical data supports the law of definite pro​portions. 

Chapter XI

The Invisibility of Revolutions


Among the problems that Kuhn attempts to solve in this chapter is why the usual view of science is so preva​lent, i.e., why science is so frequently seen as cumulative and, in a sense, why “normal science” is seen as typical of all science. To put it differently, he investigates why the usual portrayals of science have no place for science as car​ried out in scientific revolu​tions. Thus he must attempt to explain why scientific revolutions seem to be invisible. His solution to these problems emerges from a considera​tion of the domi​nance of textbooks in scientific education. Textbooks, he notes, are invariably written under a paradigm and aim at communicating that paradigm. In or​der to achieve this, all the materials in the text are pre​sented as conforming to that paradigm. Contrasting views are usually not presented, or if presented, are put forth as having been held by persons because of ignorance or preju​dice. This makes revolutions, and revolutionary struggles, invisible. A fact discovered under an earlier paradigm is presented within the new paradigm in such a way that it seems to fit completely with the new paradigm. Because the fact fits the new paradigm advo​cated in the textbook so well, the reader naturally as​sumes that its discovery must have occurred within the new paradigm. This makes such historical information as appears in scientific textbooks frequently very inac​curate. Not only is spe​cific historical information given incorrectly at times, but more impor​tantly the informa​tion is presented in such a way that the reader is ef​fec​tively led to conclude that science develops linearly and cumulatively. Another source of this mislead​ing view of science is books in the philosophy of science. In most cases these are written as analyses of the structure of scientific products (especially textbooks), rather than of science itself as it develops over an extended time pe​riod.

Chapter XII

The Resolution of Revolutions


The initial section of this chapter contains another at​tack on verificationist and falsifica​tionist theories of sci​ence, i.e., theories that maintain that the process of verifi​cation or of falsification of a theory is unproblem​atic. This attack, how​ever, raises some problems for Kuhn as well, for it is part of his task to pro​vide an ac​count of how paradigm shifts occur. He lists a num​ber of reasons why such shifts take place only with diffi​culty: (1) Paradigms differ not only in their problems but also in their standards as to what constitutes a solu​tion. Thus conflict​ing views of science or of scientific method are at stake. (2) Paradigms are made up of dif​fer​ing “conceptual webs;” they involve different vocab​ularies and some​times different in​stru​ments. Some per​sons called Copernicus absurd for say​ing that the earth moves, because for them earth is pre​cisely that which does not move. (3) Proponents of dif​fer​ent paradigms live in dif​ferent worlds. In the debate over definite pro​portions, some saw solutions as com​pounds, whereas others saw them as mixtures. Consequently, it is not sur​prising that at times scientists do not come to see the new paradigm, but at least those scientists do even​tu​ally die. Kuhn suggests that frequently it is only the young who are able to make the switch to the new paradigm. In any case, the process of switch​ing is usu​ally slow for the scientific commu​nity, although it can take place rapidly in the individual, for it is like a gestalt switch. Among the factors that promote the change are: (1) extra-scientific fac​tors; (2) the paradigm’s success in solving problems un​solved by ear​lier paradigms; (3) the ability of the new paradigm to secure new levels of pre​cision or to make pre​dictions; (4) the success of the new paradigm in appealing to considera​tions of beauty or simplicity. Such considera​tions can be very important because usually the new paradigm cannot solve as many problems as the estab​lished paradigm or attain compara​ble levels of preci​sion. It is es​pecially helpful if the new paradigm in​spires a feeling that it will be a good guide to research.

Chapter XIII

Progress through Revolutions


Because Kuhn up to this point has called into ques​tion nearly all the reasons cited for believing that science progresses, he must face the problem of ex​plaining why it is that so many people believe that sci​ence does progress. His first and very partial answer is that this is to some ex​tent a matter of definition: when we say that a field is sci​entific, we mean that it pro​gresses. On a deeper level, he notes that it is of the very nature of normal science to in​volve progress; it is relatively easy for progress to oc​cur within a paradigm; propo​nents of a particu​lar paradigm in, for example, art or philoso​phy, always claim that progress is present within their particular area of en​deavor. Another reason for the apparent progress of science is the insulation of the sci​entist; she or he usually needs to work only on problems that can be solved, whereas the physician or en​gineer or artist encounters problems set by society, which may not be tractable by avail​able methods. Moreover, au​thors of scientific textbooks, as Kuhn had suggested ear​lier, tend to present even revolu​tionary de​velopments as cumulative and pro​gressive.


The final section of Kuhn’s book consists of a discus​sion of whether science does, in fact, progress. Kuhn claims that although there is progress, we cannot say there is progress toward something, specifically to​ward the truth—a word that he claims he has never used until this chapter except once in a quotation. [See, however, p. 80, line 14 and p. 69, line 7 (true).]

Note: The nature of the “Postscript,” which Kuhn added to this book in 1969, does not make it readily suscep​tible to summary treat​ment.


