Critical Notice of Brad Wray, Kuhn’s Social Evolutionary Epistemology, Cambridge University Press, 2011.
    By Rupert Read and Jessica Woolley, University of East Anglia, Norwich.

Kuhn’s Evolutionary Social Epistemology provides an excellent overview of Kuhn’s work, including the debates surrounding its interpretation. It also develops Kuhn’s work in a somewhat novel way to suggest some new directions for studying science in sociology, history and philosophy of science. Wray brings the account of science provided by Kuhn in The Structure of Scientific Revolutions together with Kuhn’s later essays, and aims thereby to provide an enriched interpretation of Kuhn’s concepts of ‘scientific revolution’, ‘paradigm’ and ‘normal science’ which takes into account the revisions made by Kuhn in his ‘mature’ work. Wray terms Kuhn’s approach according to this reading an ‘evolutionary social epistemology’. This revised account is put into dialogue with Kuhn’s critics such as Popper, McMullin, Bird and Toulmin, and used to address the philosophical concerns of ‘irrationality’, ‘relativism’ and ‘constructivism’ that past critics have identified as unavoidable and unwelcome accompaniments of Kuhn’s account. Having defended his interpretation, Wray uses it as the basis for recommending a ‘historical shift’ in the sociology and philosophy of science, and attempts to demonstrate the potential of such a turn by combining his reading of Kuhn with some modern sociological studies to investigate the role played by age in scientists’ acceptance of the theory of ‘continental drift’.

One of the main strengths of the book is that Wray shows how Kuhn’s contribution can be understood in a way which is neither ‘strongly’ relativistic, nor ‘strongly’ constructivist, while illuminating the sense in which some elements of scientific practice are relative and socially constructed, in a way which takes the study of science beyond conventional preconceptions towards engagement with the details of actual scientific practice (though it should be noted that Wray is not to first to do this). Wray thus illuminates some new directions for studying science in a manner which overcome the objections raised by Kuhn’s critics, and which are more sensitive than traditional accounts to the ways in which scientists actually work.

In the first chapter of his book Wray identifies three common (and, we would add, closely interrelated) criticisms raised against Kuhn’s account of scientific ‘revolutions’ as this concept is used in Structure: 1) That the various changes in science that Kuhn regards as ‘revolutionary’ are not aptly grouped into one class; 2) That the various scientific changes Kuhn regards as ‘revolutions’ are not different in kind from the changes that happen during what Kuhn terms ‘normal science’; and 3) The bivalent distinction between ‘normal’ and ‘revolutionary’ science does not provide us with the conceptual resources to understand the variety of changes that occur in science. 
Proponents of the first kind of criticism are those such as McMullin and Bird, who argue that not all of the changes Kuhn identifies as ‘revolutionary’ affected scientists and scientific practice to the same degree; and Andersen et al who argue that some scientific changes are ‘local’ and that there are grades of ‘revolution’ and of ‘incommensurability’ which accompany scientific change. Proponents of the second kind of criticism are McMullin, Popper, Toulmin, Bird, and Meyr, who either deny that there are any changes which are properly termed ‘revolutionary’ in science (Toulmin) or argue that ‘normal science’ and ‘revolutionary science’ lie on a continuum (McMullin, Popper, Bird, Mayr). Proponents of the third criticism are those such as Bird who argue that there are a variety of different kinds of changes that occur in science, such as pre-theoretical or theory-creating discoveries, which are not captured by Kuhn’s two-fold distinction between ‘normal’ and ‘revolutionary’ science.

Our view is that these criticisms are over-stated, and that Wray is slightly over-generous to them, at least in the case of Structure. The first and second ‘criticisms’, in particular, in so far as they are correct, are not actually criticisms of Kuhn: for these ‘criticisms’ (which are actually more like characterisations or specifications of the phenomena that Kuhn was investigating) are already recognised (explicitly or implicitly) by Kuhn’s own account, including in Structure. In terms of the first ‘criticism’, Kuhn was well aware that although there may be far-reaching methodological and conceptual changes during ‘revolutionary’ scientific periods, the actual work of the scientist is often not that different compared to ‘normal’ science (see p.123 of Read and Sharrock, 2002); but that isn’t a problem for the key distinction that Kuhn wanted to make, which concerned the overall effect of these (often radical) changes, as ‘worked through’ over a period of time by the scientific community at large. In other words, we need to distinguish between the character of scientific activity (i.e. what the scientist or the community was doing, in terms of day-to-day work activity) and the nature of the change effected through that activity. Turning to the second ‘criticism’, for Kuhn scientific revolutions do indeed differ from one another somewhat in degree of ‘completeness’; contrast for instance the total overturning of conceptual categories in the Chemical Revolution with the somewhat more modest categorical transformations that took place with the Einsteinian or Copernican revolutions; but the key point is that they all involve significant conceptual changes. This is a vital part of what makes them, for Kuhn, into revolutions.
Wray does go on to salvage Kuhn’s account in Structure from these criticisms; however, the way Wray presents his argument makes it look as though he, Wray, is doing the rescuing, whereas one could (and we would) argue that these ‘criticisms’ arise more from a misinterpretation of Kuhn’s argument in Structure by his critics, and that a perfectly adequate response to these criticisms is already present in Kuhn’s early work.
Be that as it may, Wray’s approach characterises Kuhn’s critics as motivated by a concern to shield science from the influence of non-rational factors that according to their interpretations are let in by his account. Wray’s approach is thus to use Kuhn’s often neglected later work as clarificatory of his earlier view presented in Structure, to show how Kuhn can be interpreted in a way which overcomes not only the criticisms raised against Kuhn, but also the worries of ‘irrationality’ and ‘relativism’ by which they are motivated. (It should be noted that various ‘Wittgensteinian’ interpreters of Kuhn, such as Kindi, Baltas, Read and Sharrock have already done a good deal to counter these worries).
Wray argues that while in Structure Kuhn’s view of scientific revolutions seems focussed on theory-change, Kuhn later “developed an alternative characterization of scientific revolutions … as scientific changes involving taxonomic or lexical changes” (Wray, p.25). According to this account, a well-established area of scientific enquiry involves an accepted way of grouping and naming phenomena. “Competing theories do not group things in the same way. They have incompatible ways of dividing objects into classes or kinds, and they have incompatible views about how the various kinds of object relate to each other” (Wray, p. 25). Wray gives the example of the different denotation of the word ‘planet’ in Ptolemaic and Copernican astronomy. According to this revised account, a ‘revolution’ in science occurs when there is dissatisfaction with the existing lexicon, and involves the replacement of one taxonomy by another, incompatible one. Hence ‘revolutions’ “can only occur in mature fields where a lexicon is already widely established” (Wray p.25).  This is a reasonably helpful summary of Kuhn’s position, but runs in our view the risk of exaggerating how much of change the adoption of the concept ‘taxonomic turn’ involved in Kuhn’s own thinking post-Structure, and of how effective (or perhaps otherwise) this change ultimately turned out to be in terms of elucidating the concept of a scientific ‘revolution’ (on which, see p.181f. of Read and Sharrock, 2002).
Wray goes on to say how Kuhn’s revised account of ‘scientific revolution’ plainly agrees with some of the criticisms made by interpreters of Kuhn’s earlier concepts of ‘paradigm’ and ‘scientific revolution’ as they occur in Structure. Wray argues: 1) that it is clear in Kuhn’s later work  that not all of the changes that Kuhn references in Structure are ‘scientific revolutions’ in the revised sense – for example, the discovery of X-rays and of Uranus did not necessitate replacement or reorganisation of taxonomies or lexicons; 2) that Kuhn later acknowledged explicitly that there are some changes which are neither precisely ‘revolutionary’ nor ‘normal scientific’ in the sense supplied by Structure; and 3) that Kuhn recognised that his earlier focus on theories as paradigmatic was inadequate to account for certain periods and changes in scientific activity, such as pre-theoretical science which may have accepted exemplars and shared standards without having a paradigmatic theory, and (concomitantly) changes which are theory-creating rather than revolutionising an existing theory. 
While we agree with Wray that the revised presentations of the concepts of ‘paradigm’ and ‘scientific revolution’ found in Kuhn’s later work are aimed at the common concerns of his critics, where Wray interprets this as Kuhn’s agreement on certain points with his critics’ identification of weaknesses in Structure, we would argue that a better characterisation would be Kuhn trying to clear up some misunderstandings of his earlier work. For example, on the first point (above paragraph) we would argue that this is a clarification, rather than a significant revision, of Kuhn’s earlier work; while regarding the third point, this is a difference mainly in nuance from what Kuhn wrote in the early chapters of Structure. Kuhn tended if anything in our view to be too concessive to the early Analytic-philosopher critics of Structure, too keen to have their approval, and this may understandably have led to a misconception that Kuhn considered Structure to be flawed.
In any case, Wray shows how Kuhn’s revised later conceptions of ‘paradigm’ and ‘scientific revolution’ can overcome the alleged weaknesses identified in the earlier account in the following ways: Firstly, Kuhn fully allowed, in his later work, that pre-theoretical science may have accepted exemplars and shared standards without having a theory, and that some changes (such as the discovery of DNA) open up a new area of research, rather than changing an existing taxonomy. Secondly, since in Kuhn’s later account, ‘revolutionary’ changes are often defined not by magnitude, but by the sort of change that took place (i.e. a replacement of one taxonomy by another incommensurable one), he also allowed explicitly that the difference between revolutionary scientific changes and changes in normal science can sometimes be one of degree.
Having defended his interpretation of Kuhn against the critics, Wray then aims to show that “there really are Kuhnian revolutions in science”, using the Copernican revolution as an example. Wray observes how in previous work on this topic, the controversy has centred on individual scientists (Who instigated the ‘revolution’ in early modern astronomy: was it Brahe, Copernicus, Kepler, or Galileo?) and on what kind of change took place (was it theoretical, conceptual, or practical?). Wray argues that for Kuhn (contra Laudan and other of Kuhn’s critics) it is the scientific research community, rather than the individual scientist, that is the locus of revolution; and that the invention of new instruments and practical techniques for gathering data, alternative theoretical formulations, new ‘natural philosophies’ supporting alternative theories, bodies of collected data, and theoretical refinements, can all play a part in extended periods of revolutionary scientific change. Wray argues that this can clearly be seen in the case of the Copernican revolution, where Brahe put into practice more accurate standards of astronomical observation and gathered a large amount of observational data, Copernicus produced a new theoretical formulation of planetary motion which set new problems and explained different phenomena from the existing theory, Kepler made adjustments to Copernicus’ theory (making the planetary orbits elliptical rather than spherical) which rendered it more accurate, and Galileo used the newly-invented telescope to record observations which supported the revised Copernican model. 
Thus, Wray argues that according to Kuhn’s ‘mature’ account (though once more we would point out that, in its essentials, this was always Kuhn’s account): “Copernicus should be seen as responsible for initiating the scientific revolution that bears his name. But Copernicus should not be seen as bringing about the revolution in early modern astronomy on his own. This is because the revolution took some time, at least seventy years. …. In fact, both Kepler and Galileo should be seen as playing a key role in leading the research community to accepting the new theory” (Wray, p. 37). This is the element of Kuhn’s account which Wray identifies as justification for terming it a ‘social’ epistemology; although Wray also points out that while according to Kuhn’s account the scientific community is the locus of revolutionary scientific change, individual scientists can still play significant roles in instigating and ‘nurturing’ these changes. Wray suggests that “individual scientists should be described as revolutionary if either (1) they are the first to propose lexical changes that violate the no-overlap principle that are ultimately accepted in their field, or (2) they play a key role in bringing the research community around to accepting the new theory.” (Wray, p.37)

A crucially important point unearthed by Wray’s discussion is the manner in which taxonomy or theory choice is quantitatively underdetermined in periods of scientific revolution. Wray observes that although there may be shared standards and agreed bodies of empirical data at the time of scientific revolutions, these standards and the empirical data by themselves are not enough to determine the choice between two incompatible ways of conceptualising the data. In the case of the Copernican revolution there were shared standards of accuracy, and a widely accepted body of observational data, but these could not determine theory selection between Ptolemaic and Copernican theories, since both had roughly equal levels of accuracy for predicting certain observable and established phenomena at the time when the Copernican theory was eventually carried forward. Wray argues that since theory selection is underdetermined by quantitative factors, qualitative considerations came into play. This is the key sense in which such scientific changes are like political revolutions. Wray observes that in the case of the Copernican revolution, the decision between the two theories came down to some extent to a normative question about “what problems an acceptable theory should address” (Wray, p.41). A very important point that Kuhn made in this regard, which Wray repeats, is that there may be a taxonomic indeterminacy at the level of the recording of primary data. Wray explores this point further later on in the book – and we will follow it up later in our review.
Wray also discusses the distinctness of Kuhn’s view from that of the Logical Positivists. This is also an important point since, contrary to popular preconceptions, the views of some of the ‘Positivists’ are uncannily similar to some interpretations of Kuhn’s account of science in Structure (as Bird and others have already observed). For example, we would point out (Wray, surprisingly, doesn’t make this connection) that Rudolph Carnap’s account of science in Empiricism, Semantics and Ontology is apparently quite close to Kuhn’s. What Carnap proposes is that we should think of science as a family of conceptual ‘frameworks’, which are formalised ways of speaking accompanied by a set of rules and terminological definitions, that admit of questions which are ‘internal’ to a given framework, and ones which are ‘external’. ‘Internal’ questions are scientific questions which have a determinate sense given by the rules and terminology of a particular framework, and can thus be answered by empirical means or by giving a definition – an example of an internal question is ‘What is the chemical composition of oxygen?’. Meanwhile ‘external’ questions are questions which do not have a determinate sense within a given framework, or are about elements of the framework itself, such as ‘Do electrons really exist?’, or ‘What do the laws of physics describe?’ (in other words, they are what some might call ‘metaphysical’ questions). While ‘internal’ questions can be true or false according to the standards of a particular framework, ‘external’ questions are more problematic and cannot be answered on a ‘true/false’ basis. Hence the choice between alternative frameworks cannot be logically or empirically determined.
Wray does not mention Carnap specifically, but no doubt this similarity between Kuhn and Carnap is somewhere in the back of his mind when he distinguishes between Kuhn and the Positivists. Wray identifies the distinction as being that while according to the Positivists a theory is expressible in a set of sentences from which predictions (propositions) are derived which can be either true or false, according to Kuhn’s ‘mature’ view “a theory is essentially a set of categories or kind terms”, and so it “makes far less sense to describe a theory as true or false” (Wray, p.63). Unfortunately Wray’s argument seems to involve a slight misrepresentation of Positivists like Carnap, since for Carnap a theory is not simply a set of sentences which can only be true or false, but a formal semantic system which also includes a terminology and ‘rules’ for the use of expressions, as well as standards which are laid down for what is to be counted as true or false in a given context. In short, Carnap also allows for ‘categories’ or ‘kind’ terms which belong to the theory’s mode of expression, and which cannot themselves be judged true or false. Hence, it is equally the case according to Carnap’s account that it makes no sense to talk about the overall ‘truth’ of a theory (that is precisely the point of the distinction between ‘internal’ and ‘external’ questions). 
What is unfortunate in particular here is that Wray includes the following footnote on p.63: "I recognize, as much contemporary historical scholarship emphasizes, that there is no view that deserves to be called the view of the positivists. They were a heterogeneous lot (see, for example, Uebel 2008, 78)", but then still goes on to speak in general terms of how Kuhn is "unlike the positivists" (p.63). Our criticism on this point does not really affect Wray's overall argument, rather it indicates that there may be some further interesting research to be done into the relationship between Kuhn and the 'Positivists', which is not as straightforward as is often assumed, even in Wray. Wray does later briefly allude to this in his discussion of Kuhn's historical turn (Wray, p.88), where he writes that Kuhn regarded the main difference between his approach and that of Popper and the Positivists as being that the latter focused too narrowly on the 'logic' of science, whereas Kuhn sought to place it in its historical context. Wray quotes Kuhn's view that his account is close to the Positivists in the sense that "both emphasize ... the intimate and inevitable entanglement of scientific observation with scientific theory" (Kuhn, 'Logic of Discovery or Psychology of Research?' p. 267)
In our opinion the point of difference between Kuhn and Carnap would be more accurately represented in terms of this characterisation given by Kuhn himself, i.e. with reference to the distinctive historical and social dimension of Kuhn’s work which Wray later highlights in the third part of the book. With this in mind, we can clearly see that whereas Carnap concludes his account with a naïve pragmatism – that since theory choice is logically undecidable, we should not prohibit new frameworks as long as they are useful – Kuhn encourages a sociologically and historically informed study of the ways in which scientists actually do and have resolved conflicts between alternative theories and taxonomies. This can be connected with Joseph Rouse’s and Ian Hacking’s useful emphasis on the centrality to Kuhn (and to the philosophy of science in general) of the nature of scientific activity, and the change in the character of that activity that is constituted by and caused by a scientific revolution.

In the third part of his book, Wray explains how Kuhn can be seen as proposing a new way of studying science which is radically different from the methodologies employed by traditional historical, sociological and philosophical accounts. Wray starts by considering some existing approaches which could be termed ‘evolutionary social epistemologies’ of science, and expressing some reservations about these. One popular way in which science has been conceived in ‘evolutionary’ terms is as an evolutionarily advantageous social/behavioural ‘adaptation’ of the human species. This approach is exemplified by David Campbell, who “seeks to explain our many true beliefs in terms of the evolutionary advantages accrued to the sorts of creatures who have developed the means to acquire the belief.” (Wray, p. 81). Wray expresses reticence towards this kind of evolutionary approach as a way of understanding taxonomic/theory change in science, on the grounds that while current “evolutionary theory can explain why it is that people can discern certain colours and smells, it is implausible to think that there is an evolutionary explanation for developing a particular theory of the atom, for example” (Wray, p. 82) In other words, choice of alternative taxonomy is radically underdetermined by evolutionary explanation; just as it is by standards of predictive accuracy and primary data. Wray’s conclusion here should not be surprising, since our agreement concerning primary data is reliant upon basic convergences in human sense-perception, whereas a taxonomy is by definition something over and above basic perceptual phenomena (otherwise we would not distinguish taxonomy from what we perceive). 
Wray mentions Popper’s use of the evolutionary analogy in comparing the testing of competing theories to the selection of the fittest variations in a biological population, and also to Hull’s sociological account, according to which science evolves through constitutive institutions which encourage certain types of behaviour in scientists. Wray acknowledges that Kuhn’s and his own position shares some common ground with Hull’s functional explanation, in that Kuhn highlights the role that ‘Whig’ histories play in educating new scientists. Wray argues that as Kuhn developed his epistemology of science, similarly to Popper he saw more and more similarities between biological evolution and scientific change. However, Wray argues that there are some important differences between the evolutionary aspect of Popper’s account and the developmental view of science that Kuhn eventually developed.
As mentioned previously, Kuhn’s revised account of science according to Wray sees theory-change in terms of a more fundamental lexical or taxonomic change undertaken over time by a scientific community. Theory-change is thus portrayed by Kuhn as a social change or process, as opposed to a striving towards a fixed ideal of truth. This, Wray argues, means that ‘truth’ holds a different place in Kuhn’s account of scientific theory than in most conventional accounts of science given in history, sociology and philosophy; and in Kuhn’s socially-dynamic model of theory change, its role is replaced by specialisation. This idea of Kuhn’s is drawn from analogy with evolutionary theory, but as Wray stresses, it is not meant to identify scientific change with biological evolutionary change (though Wray perhaps does not make enough of the analogy that Kuhn makes between scientific specialisation and evolutionary speciation, understood as the mutual adaptation to and modification of an ecological niche; cf p.191-3 of Read and Sharrock, 2002). Nor does it, contrary to Popper’s account, regard science as evolving steadily towards a fixed goal. Wray addresses this last point towards interpreters such as Bird, who have assumed that Kuhn is committed to a model of scientific evolution as akin to a species evolving to meet the requirements of a static environment, rather than to one of the alternative accepted ways of conceptualising evolution – such as many species evolving together in a dynamic environment. Wray acknowledges that Kuhn does make some mistakes in his use of evolutionary metaphors, but maintains that these metaphors are useful for studying scientific change.

Wray is now in a position to address the concerns of ‘relativism’ and ‘constructivism’ that so often attend interpretations of Kuhn’s account. Wray argues that although Kuhn is a ‘nominalist’ in the sense that he thinks that are different, equally justifiable ways of naming and classifying the same basic phenomena, he is certainly not a strong nominalist in that he is not committed to the (absurd) thesis that there are no constraints on taxonomies and ways of articulating the relations between identified objects and phenomena. Similarly, Wray argues that although Kuhn thinks that theory-choice and establishment of taxonomies is due to some extent to social factors such as the education of scientists and routinisation of a particular set of techniques or concepts, he does not assert that scientific knowledge is completely socially constructed (whatever that might mean), since even when scientists disagree taxonomically during times of ‘crisis’, there are broad agreements on empirical data and some shared standards of inquiry. “Whereas strong constructivists/nominalists believe that every act of classification is underdetermined, Kuhn makes a weaker claim, specifically that there is no unique way to group the things in the world.” (Wray, p.145-6).
Wray concludes that for Kuhn, “Subjective factors do play an important role in the resolution of disputes, ensuring that competing theories are developed, and thus ensuring that the strengths and weaknesses of the theories are exposed. But, ultimately, consensus is achieved on the basis of epistemic considerations.” (p.168)  Wray rightly notes that Kuhn is largely, contrary to popular belief, “an internalist, believing that changes in theory are ultimately caused by a consideration of epistemic factors, not external factors” (Wray, p.10). Indeed, this can be straightforwardly proved, at least in terms of authorial intention: Kuhn states this quite explicitly in several places, including in his 1968 Encyclopedia piece on “The history of science”. (This should not of course be confused with a solipsistic psychologism – rather, Kuhn was interested in the ‘internal’ workings of the scientific community, in terms of how scientists as people with subjective belief-frameworks work together to produce ‘objective’ scientific knowledge.)
Wray goes on to connect his account of Kuhn with recent work in sociology, by investigating some speculative claims made by Kuhn regarding the role of young and old scientists in instigating and resisting theory-change, in light of sociological studies carried out by Hull and others concerning the scientific community’s acceptance of the theory of ‘continental drift’. Wray concludes that the bulk of evidence supports the conclusion that age is not an especially relevant factor in resistance to theory change; that although there is impressionistic evidence for younger scientists instigating change, evidence suggests middle-aged scientists are the most common producers of ‘revolutionary’ (i.e. Nobel prize standard) research – although Wray acknowledges that ‘Nobel standard’ does not necessarily equate to ‘revolutionary’ in Kuhn’s sense (Wray, p.190) Wray concludes that Kuhn’s work recommends that philosophers of science undergo a ‘historical shift’, and that “an adequate understanding of scientific change and scientific knowledge depends upon us making such a shift. We need to look to science as a process underway, constrained and directed by the accepted theories” (Wray, p.204).We agree with Wray’s call for a ‘historical shift’ in sociology and philosophy of science, however, we have reservations about the alleged ‘social epistemology’ reading of Kuhn. Some of these reservations can be found in Read’s published criticisms of Fullerian social epistemology. 

Thus Wray presents a Kuhnian view of science according to which fruitful scientific work involves using a particular, socially-established way of grouping and articulating relationships between phenomena, which remains sensitive to underlying empirical features which are socially-independent in some sense. According to this view, while the data impose some constraints upon explanatory schemas (i.e. we cannot just pick any old way of dividing up phenomena and expect it to work), the taxonomic configuration of a domain of study is equally not simply ‘given’ to us by the the data, and so it is necessary to regard scientific change in terms of a ‘social process’ according to which a taxonomic transition is worked on and negotiated among scientists, taking into account factors other than purely quantitative or empirical considerations. 
In terms of taxonomic indeterminacy, a crucial point in both Kuhn’s and Wray’s accounts involves cases where a ‘basic’ phenomenon (or cluster of phenomena) is seen as an instance of a conceptual kind. In such cases, there is no underlying ‘fact’ to be appealed to in deciding between alternative ways of seeing the data, though selecting any particular one may lead to alternative, incompatible taxonomies, and subsequently divergent scientific/theoretical developments. Wray mentions Kuhn’s example of the distinction between the Ptolemaic classification of the moon and sun as planets vs. the Copernican classification of the sun as a star and the moon as a new kind of celestial body (a satellite); and also the example of Galileo’s distinction between bodies in water and bodies on the surface of the water, in adjusting the significance of the unexpected experimental result that ebony boards tend to float on water while ebony balls sink. Probably an even better example, in our opinion, however, is Kuhn’s example of Volta’s discovery of the electric ‘battery’:
In Volta’s original diagram of his ‘battery’, the unit cell consists of two pieces of metal in contact between holders of liquid (buckets of liquid, or wet blotting paper), and the source of power is the metallic interface between them which acts as a source of electrical tension. In other words, the original concept of a ‘battery’ was of what we would now see as two halves of batteries with the ends put together. While what we now regard as a battery is a container with two metal ends, for Volta, the ‘battery’ was the contact between the metal ends, and the containers of liquid simply stood in between to act as a connection between cells. Here we have two alternative ways of ‘seeing’ the same phenomena, which are equally licensed by the phenomena themselves, but lead to two different ways of conceptualising the storing of electrical charge. As Kuhn points out, this is not a trivial difference, since how one conceptualises electrical phenomena in this case has completely different theoretical and practical consequences: transitioning from Volta’s viewpoint to the modern concept of ‘battery’ reverses the direction of current flow, and the units of electrical charge are differently interrelated. Without this shift, electronic circuitry would not be possible in the sense that we now conceive of it (see Chapter One of Kuhn, The Road Since Structure, where Kuhn reprints a helpful diagram of Volta’s that shows what in this paragraph we have said).
The interesting thing about this insight is that it seems to have widespread implications not only for how we think about science, but for Kuhn’s own account and its relation to conventional historical, sociological and philosophical accounts of science. This is one area where we think Wray could have explored further. We will attempt to explain this:

1
Wray seems to subscribe to the following views a) that scientific theories are more appropriately understood as sets of category terms with techniques for representing interrelations between data in ways that can yield predictions and explanations of phenomena; b) that while there are there are some factors that do militate roughly in preference of particular taxonomies, such as agreements regarding data-gathering, some unquestionable observational bases, and features of quantifiable phenomena, these in themselves are not enough to determine the selection of a particular taxonomy or way of grouping the data over others; c) that therefore although specific hypotheses can be verified in agreed ways in terms of established taxonomies and theories in conjunction with experimental data and agreed criteria of validity, it does not make much sense to speak of the underlying taxonomies or theories themselves as being true or false; and d) that while there may be found to be better and worse ways of grouping phenomena, there may not be a single ‘correct’ taxonomy or way of ordering the data which is in principle better than any other. 
2 From the above, we might say that: while during periods of ‘normal science’ there is (roughly) overall agreement on the dominant taxonomy, core theoretical concepts, and practices of measurement and observation, in periods of ‘revolutionary science’, certain discoveries or proposals of new ways of grouping the data can instigate a ‘questioning’ period where parts of the scientific framework are called into question in ways that cannot be empirically or logically gainsaid. In these periods, the above considerations mean that scientists can come to disagree even to the point of seeing certain primary experimental phenomena as exemplifying a conceptual kind which is incompatible with the existing taxonomy, and/or with alternative taxonomies proposed by their contemporaries. By studying such cases, we can come to see that what is properly characterised as ‘true’ is not the taxonomy or theory itself, but the predictions and explanations we can make using it – and that these in turn are ‘true’ because the taxonomy gives us a way of translating agreed observations into predictions of what we will agree to have observed, in terms of an accepted scientific lexicon and accepted methods of calculation and observation. 
3 With the above in mind – and this is the really crucial criticism that we wish to make – it seems surprising that Wray defends Kuhn’s account in the way that he does: e.g. Wray writes in Chapter 2 that his aim is “to show that there really are Kuhnian revolutions in science” (Wray, p.34). However, if overall taxonomical orderings are underdetermined even in areas of study such as physics where there is ordinarily widespread agreement, it seems unclear what standards Wray could appeal to in order to justify the claim that there ‘really’ are Kuhnian revolutions in science, as in principle preferenced over alternative ways of giving a general account of complex activities of scientific study. 
This is an issue which has been hinted at (though not fully explored) by Hacking, when he suggested in a recent interview that rather than being a single ‘correct’ way of telling the story of science, there may be alternative ‘blueprints’ for general accounts of scientific change which can be derived from the close study of specific situations of scientific practice, such as the recent histories of genetic engineering or molecular biology (see Stix, 2012). To consider such a possibility is not to deny that there are agreed ‘events’ in the history of science, and historical claims whose veracity would be recognised; for example, facts such as that Copernicus wrote De revolutionibus orbium coelestium. However, similarly to the alternative ways of conceptualizing batteries, falling bodies, ‘floating’ bodies etc., there are alternative ways in which such facts can be grouped and classified, which are not determined by the facts. Just as there is no ‘fact’ that one could point to in order to justify in isolation the statement that the apple falling from the tree is an example of gravity acting on a solid body, so there is no ‘fact’ that could be called in as ultimately supportive of the statement that the Copernican ‘revolution’ really was a revolution; or that there really are Kuhnian revolutions in science. 
This point bears connecting to the argument that Read and Sharrock make in the Conclusion of their book Kuhn: Philosopher of Scientific Revolution (2002), and especially to the argument that Read makes at section 1.2 of his recent book Wittgenstein Among the Sciences (2011), concerning the great profit there can be (and also the perils that there can be) in following Kuhn’s own example, and applying his thinking to his own case, as a revolutionary thinker. There is value then in thinking, as Wray does not, of Kuhn’s own situation (the situation of an academic in history, philosophy or sociology proposing a ‘new way’ of understanding ‘science’) as having some analogy to the situation of a scientist in a discipline in crisis. Now, Kuhn arguably over-stressed this analogy, and made it seem too much like he was a 'scientist of science' in the process. But most of Kuhn's readers (exceptions, besides Read and Sharrock, include Arthur Danto) appear to miss his point completely. In our view, so long as one doesn't try to claim that Kuhn really is like a scientist inventing a new taxonomy in some sense closer than the parallels that can be analogically recognized between these circumstances, then no harm need be done; and there is considerable potential for illumination, from studying the similarities. 

Wray’s book, we should stress again, is a useful and innovative work. We are perhaps being hyper-critical at this point. Let us close by noting two interesting points that could have been explored further, and that perhaps Wray may wish to look at in his future work. One area of potential interest is how in periods of scientific 'crisis' where the scientific community are deliberating over a choice between incommensurable taxonomies, scientists seem to find it necessary to engage in 'philosophical' discussions regarding the nature and aims of science. Examples are the public debates that took place between Bohr and Einstein, where contested issues included whether or not the ‘photon’ should be understood as a physical reality represented by numbers, or whether the numbers should be understood as probability calculations without any causal explanation (See Bohr, 1959). As a philosophical counterbalance to Wray’s predominantly ‘sociological’ approach to science, it might be interesting to see how these 'philosophical' considerations might have a role to play in theory-acceptance in the absence of shared standards or quantitatively decisive factors. Of course the Einstein-Bohr debates have already been extensively discussed in the philosophy of science (for a survey of these discussions, see Lansman, 2006) – however, in our view it would be useful to revisit these debates in light of Kuhn’s ‘social’ image of scientific activity, as not only a participant in, but a historical subject of, philosophy of science. Another interesting topic to investigate, both philosophically and sociologically, would be the way in which taxonomies are sometimes adapted in non-revolutionary ways so that taxonomic indeterminacy is built into the existing taxonomy - for example, the use of the concept of 'agamic complexes' in botany, to describe populations of recognisably familial organisms (such as dandelions) which do not fit any particular classification of a unified genetic population.
In summary, we hope in our review to have achieved the following: 1) to have offered a fair summary of Wray’s reading of Kuhn, 2) to have suggested that while illuminating, Wray’s reading is not as ‘revisionary’ of Kuhn’s early work as Wray makes out; 3) to have emphasised some points regarding the philosophical aspects of Kuhn’s account that were overlooked in Wray’s book, especially 4) the manner in which Kuhn’s insights about the indeterminacy of taxonomic conceptualisation could be applicable to his own account of scientific activity. Overall, however, we are broadly supportive of Wray’s approach, and hope that more work will be carried out in (t)his vein.
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