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Scientific Concepts and Conceptual Change 
Throughout his academic career, from the Lowell Lectures he gave at the age of twenty-nine 
and until the unfinished book manuscript that he left at his death, Kuhn struggled to develop 
a consistent account of scientific concepts and conceptual change. As his ideas developed he 
drew inspiration from many different sources, although often in a loose fashion that 
occasionally frustrated his critics. 

This chapter will give an overview of the development of Kuhn’s position, but 
especially it will discuss its affinity to the work of others and provide a discussion of the main 
issues that Kuhn left open for further development. The development of his position will be 
followed from his reflections on science education that informed his work leading up to 
Structure over his interest in family resemblance displayed in Structure and later works, to his 
focus on lexicons and lifelines in his last writings. The chapter will describe how Kuhn 
gradually developed a family resemblance account of concepts that in many respects is 
similar to accounts developed by cognitive scientists, and it will be shown both how the 
account can be further extended by drawing on additional work from the cognitive sciences 
and how such extensions can link the account closer to philosophical discussions on such 
topics as experiments, explanation, robustness and realism 

 

Prior to Structure: Science Education 
During the late 1950s, when Kuhn started wrestling with the ideas about normal science and 
paradigms that came to figure prominently in Structure, observations about the nature of 
science education played an important role for the development of his argument. Thus, in 
some of his very first presentations of his developing ideas he turned to an investigation of 
science education rather than to historical examples in substantiating the claims he advanced 
on the nature of science and its development.  The first paper on the topic – ‘The Essential 
Tension: Tradition and Innovation in Scientific Research’ (Kuhn, 1959) – was delivered at the 
Third University of Utah Research Conference on the Identification of Scientific Talent in 
1959. Here his views on the necessity of convergent thought for the activity of normal science 
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were seen as appallingly conservative by the participating science educators who were at the 
time interested in creativity rather than conformity.1 
 In “The Essential Tension” Kuhn described how during science education novices 
would first be presented with concrete problem solutions that the profession recognizes as 
paradigms and then asked to solve a number of additional problems closely related in both 
method and substance in order to learn to recognize categories of problem situations from the 
displayed exemplars. This was the first rudimentary form of his theory of concepts and 
classification which was at first only developed little in Structure. The notion of concepts did 
not have any prominent position in the first edition of the monograph; instead Kuhn 
discussed more broadly the relation between rules, paradigms, and normal science. Thus, the 
basis for Kuhn’s argument in Structure was his own experience as a historian that “the search 
for rules [is] both more difficult and less satisfying than the search for paradigms” (Kuhn, 
1970, p. 43). What could be disclosed by historical investigation of a given specialty at a given 
time was a set of standard illustrations of the application of various theories, but not a 
standard reduction of the standard applications to sets of rules.  

Kuhn saw this emphasis of exemplars rather than rules as rooted in science education. 
During their education “scientists … never learn concepts, laws, and theories in the abstract 
and by themselves. Instead, these intellectual tools are from the start encountered in a 
historically and pedagogically prior unit that displays them with and through their 
applications” (Kuhn, 1970, p. 46f.). And Kuhn found little reason to believe that scientists 
trained in this way would later develop abstract rules, once they had learned to identify 
scientific problems by resemblance to exemplars. To support this belief, Kuhn noted that 
“though many scientists talk easily and well about the particular individual hypotheses that 
underlie a concrete piece of current research, they are little better than laymen at 
characterizing the established bases of their field, its legitimate problems and methods” 
(Kuhn, 1970, p. 47f.). Thus, it was a general claim about scientific practice in toto when Kuhn 
maintained that what the research problems within a given discipline “have in common is not 
that they satisfy some explicit or even some fully discoverable set of rules and assumptions” 
(Kuhn, 1970, p. 45f.) but that, instead, they relate merely by resemblance. 

Although reflections of science education played an important inspirational role for 
the early development of Kuhn’s view, he never engaged any further in the topic. But later, 

                                                 
1 For discussions of how Kuhn drew on science education in the development of his views as well as of early 
reactions, see Andersen (2000a). 
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other researchers in science education have drawn inspiration from Kuhn’s work.2 During the 
1980s and early 1990s, several scholars argued that conceptual divides of the same kind as 
described by Kuhn’s incommensurability thesis may in some cases exist in science education 
between teacher and student, and that science teaching should address these misconceptions 
in an attempt to induce conceptual change. Part of this research followed the thesis that 
cognitive ontogeny recapitulates scientific phylogeny,3 and especially for the field of 
mechanics research was done to show that children’s naïve beliefs parallel early scientific 
beliefs. However, most research went beyond such identifications of analogies between 
students’ naïve views and historically held beliefs. Instead, they investigated the historical 
records of the cognitive processes employed by scientists in constructing scientific concepts 
and theories more generally, focussing on the kinds of reasoning strategies employed in the 
construction and change of scientific concepts (see Nersessian, 1992; Nersessian, 1995). Thus, 
this work still assumed that the cognitive activities of scientists in their construction of new 
scientific concepts was relevant to learning, but it saw the history of science merely as a 
repository of knowledge about how scientific concepts are constructed and changed, and it 
moved away from the Kuhnian emphasis on incommensurability and gestalt switch like 
conceptual change. 
 

After Structure: Family resemblance 
From Structure onwards, family resemblance became one of the central ideas from which 
Kuhn gradually developed his account of concepts during the following decades. Focussing 
on concept acquisition and the transmission of concepts from experts to novices, Kuhn 
explained how a novice learns a concept by being guided through a series of encounters with 
objects that highlight the relations of similarity and difference between the instances of the set 
of contrasting concepts. He illustrated his argument with an example of a very simple 
transmission of concepts: a child learning to distinguish waterfowl. In this example, the child 

                                                 
2 For overviews of research on conceptual change in science education, including the inspiration drawn from 
Kuhn, see e.g. (Duschl, 1991; Linn, 2008; Treagust & Duit, 2008; Vosniadou, 2007).  
3 The thesis that ontogeny recapitulates phylogeny was originally advanced by Piaget who saw intriguing 
parallels between conceptualizations of nature as they developed through the history of science and those 
produced during the cognitive development of the individual. Later scholars have differed from Piaget in using 
historical cases primarily to characterize various kinds of conceptual changes that also take place in learning and 
development rather than trying to fit the unfolding of history into a theory of cognitive development. See also 
Nersessian 1998. 
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is presented with various instances of ducks, geese and swans, being told for each instance 
which category it belongs to. Further, the child is encouraged to try to point out instances of 
the concepts and will be corrected when making mistakes and gain praise when ascribing 
instances to the correct categories until, after a number of encounters, the child has acquired 
the ability to identify ducks, geese, and swans as competently as the instructor. The lesson 
that Kuhn drew from this example was that concepts are transmitted from one generation to 
the next by extracting similarities and differences between the exemplars on exhibit.  

Based on this simple example, Kuhn assumed that the same technique applied for 
learning scientific concepts. But rather than learning to categorize individual objects, what 
one learns in the abstract sciences by this technique is to categorize problem situations and to 
apply laws to these different categories of problem situations. A law should be understood 
here as a law-sketch or law schema whose detailed expression varies for different applications. 
For example, the law-sketch F=ma, Newton’s second law of motion, applies to problem 
situations involving a free fall in the form mg=md2s/dt2, to problem situations involving a 
simple pendulum in the form mg·sin2=-ml·d22/dt2, etc. 

Thus, in learning scientific concepts the student is presented with a variety of problems 
which can be described by various expressions of a symbolic generalization. In this process, 
the student discovers a way to see each problem as like a previously encountered problem. 
Recognizing the resemblance, the student “can interrelate symbols and attach them to nature 
in the ways that have proved effective before. The law sketch, say f=ma, has functioned as a 
tool, informing the student what similarities to look for, signaling the gestalt in which the 
situation is to be seen” (Kuhn, 1970, p. 189). Thus, a conceptual structure is established by 
grouping problem situations into similarity classes corresponding to the various expressions 
of the law sketch. As Kuhn stated it: “The resultant ability to see a variety of situations as like 
each other … is, I think, the main thing a student acquires by doing exemplary problems…” 
(Kuhn, 1970, p. 189). Whether the concepts to be learned are simple concepts like the 
waterfowl ‘ducks’, ‘geese’ and ‘swans’ or categories of complex problem situations involving 
law schemata like Newton’s second law, the important point is that the grouping is not 
determined by necessary and sufficient conditions, but by family resemblance between the 
instances.  

Kuhn later changed his view, separating concepts like ‘mass’ and ‘force’ from pure family 
resemblance concepts. Thus, in his later writing Kuhn introduced a distinction between 
normic concepts and nomic concepts. Normic concepts are “learned as members of one or 
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another contrast set. … The ability to pick out referents for any of these terms depends 
critically upon the characteristics that differentiate its referents from those of the other terms 
in the set, which is why the terms involved must be learned together and why they 
collectively constitute a contrast set” (Kuhn, 1993, p. 317). Nomic concepts, on the other hand, 
“stand alone. The terms with which it needs to be learned are closely related but not by 
contrast. … they are learned from situations in which they occur together exemplifying laws 
of nature” (ibid.). It might seem that in this distinction between normic and normic concepts 
Kuhn saw the need to introduce a distinction between similarity class concepts and non-
similarity class concepts. However, as argued by Andersen & Nersessian (2000), both normic 
and nomic concepts can be understood as similarity class concepts, but in the case of nomic 
concepts the family resemblances are among complex problem situations rather than among 
individual objects or phenomena. 

Kuhn's family resemblance account of concepts is very similar to accounts developed by 
cognitive scientists as part of the Roschian revolution. During the 1970s, Rosch and other 
cognitive psychologists had conducted a range of experiments on people’s use of everyday 
concepts like animals, trees, clothing and furniture and had found that individual instances of 
a concept vary in how good an exemplar they are of the concept in question. From this 
empirical observation of these so-called graded structures they argued that a family 
resemblance account of concepts seemed to reflect the actual use of concepts much better than 
an account in terms of necessary and sufficient conditions.4 

By the mid-1970s, Kuhn was in contact with Eleanor Rosch, and he was especially 
interested in her work on a special “basic level” in conceptual hierarchies. In his early work 
on family resemblance concepts Kuhn had briefly stated that his account “would have to 
allow for hierarchies of natural families with resemblance relations between families at the 
higher levels” (Kuhn, 1970, pp. 17, fn. 1), without making explicit what this would imply. 
However, one may note that Kuhn in his family resemblance account ascribed a special 
importance to dissimilarity, that is, the features which differentiate between instances of 
contrasting concepts, or contrast sets, as Kuhn called them. These are concepts whose 
instances are more similar to one another than to instances of other concepts and which may, 
therefore, be mistaken for each other. In this way the set of contrasting concepts form a family 

                                                 
4 Although there have not been empirical studies of possible graded structures of scientific concepts, Giere (1994) 
has suggested how the Roschian account of concepts can be applied to mechanical concepts, arguing that 
models of classical mechanics form categories with graded structures.  
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resemblance class at the superordinate level. On this analysis, family resemblance concepts 
form hierarchical structures in which a general concept decomposes into more specific 
concepts that may again decompose into yet more specific concepts, and so forth – in other 
words, taxonomies. 

However, in his example of the child learning to recognize waterfowl, Kuhn had 
assumed that as a prerequisite to this learning process, the child had already learned to 
recognize birds (see e.g. Kuhn, 1974, p. 309). Admittedly, this assumption solves the problem 
related to the ‘end point’ of pointing, namely that in order for an ostensive act to be 
understood, the language learner must understand it not just as reference but as reference to 
something specific. One way of obtaining this is through prior determination of the domain 
out of which the pointing is to select something.5 But this would lead to a regress since it 
presupposes that the superordinate concept is already known by the language learner, and in 
the end this would mean that language learning would have to start from the top of the 
hierarchy. However, starting with the work of Brown (1958), cognitive scientists had shown 
that language learning tends to start from intermediate levels of the conceptual hierarchies 
rather than from the top. Rosch and her collaborators followed up on this work in an effort to 
characterize this intermediate level of the conceptual hierarchy which they termed the basic 
level. Thus, based on experiments that had shown that objects are more easily recognized as 
members of intermediate categories than as members of their super- or subordinate 
categories, they argued that categories at this intermediate level provide the best conceptual 
economy understood as the balance between maximizing information by using very specific 
concepts from the lower levels in the conceptual hierarchy, and minimizing cognitive effort 
by using very general concepts from the higher levels (Rosch, Mervis, Gray, Johnson, & 
Boyes-Braem, 1976; Rosch, 1978). Further, objects at this level also seemed to differ from 
higher levels in having very similar shapes, or by involving identical kinds of human 
interactions. Overall shape or ways of interaction could therefore be features that enabled 
language learners to start language learning at this intermediate level.  

Kuhn admitted in a letter to Rosch that in developing his example on waterfowl, “… I just 
picked an arbitrary (?) level and resolved to leave problems of hierarchy aside until (much) 
later, rather assuming that nothing of much use conceptually would emerge in the process. 
That assumption was clearly wrong…” (Kuhn to Rosch, December 7 1976). Kuhn never 

                                                 
5 See Hoyningen-Huene (1993), p. 80 for a full account of this issue in relation to Kuhn’s early work 
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unfolded his thoughts on the basic level in his published work. However, it is clear from his 
unpublished material, e.g. lecture notes from one of the last courses which he taught at the 
MIT before his retirement (Kuhn: Philosophy 24.853), that he thought of basic level categories 
as categories that achieve a good compromise between maximizing similarity of their 
members and minimizing their similarity with members of other categories.6 Similarly, Giere 
(1994) has argued that in, for example, classical mechanics a basic level can be identified as 
the level at which members of the category appear visually more similar to each other than to 
members of other categories at that level. This view has been vindicated by categorization 
studies, where it has been found that novices operate at this visually privileged basic level 
when sorting basic science problems, while experts have acquired the ability to categorize by 
higher and more abstract levels in the hierarchy (see e.g. Chi, Feltovich, & Glaser, 1981). 

 

Extending Kuhn’s work on taxonomies: Experiments and explanations 
As Kuhn developed his account of scientific concepts, he increasingly emphasized the 
importance of contrast sets and the features useful for differentiating between them. 
However, he primarily analyzed everyday concepts and said very little about scientific 
concepts. Even in his unpublished works from the 1990s he still returned to his old favourite 
example of waterfowls, showing how a superordinate concept decomposes into a group of 
contrasting concepts, and how this decomposition is determined by sets of features (figure 1).  
 

                                                 
6 For a detailed account of Kuhn’s family resemblance account of concepts and its relation to the work of Rosch 
and others, see Andersen (2000b). For accounts  of the relation between Kuhn and Wittgenstein more generally, 
see Barker (1986), Cedarbaum (1983) Kindi (1995), and for relations between Kuhn and the Roschian revolution, 
see Nersessian (1998). 



Page 8 of 34 
 

 
Figure 1.This ‘fragment of a lexicon’ shows how the concept of waterfowl is decomposed into the concepts of 

ducks, geese and swans by a number of differentiating features. Thomas S. Kuhn: An Historian's Theory of 

Meaning. Talk to Cognitive Science Colloquium, UCLA 4/26/90.  MIT Archives and Special Collections, MC 

240, box 24, folder 8. 

 
However, the basic idea that “to each node in a taxonomic tree is attached a name ... and a set 
of features useful for distinguishing among creatures at the next level down” (Kuhn, 1990, p. 5) 
is obviously useful for many scientific concepts as well. Thus, Kuhn’s idea of differentiae has 
been adopted and elaborated upon by, among others, Buchwald (1992) and Chen (1997) who 
have shown how instruments and experiments play an important role in distinguishing 
kinds. For example, Buchwald argues that “experimental work divides the elements of the 
[taxonomic] tree from one another: sitting at the nodes or branch-points of the tree, 
experimental devices assign something to this or that category (Buchwald, 1992, p. 44). 
Similarly, Chen argues that "instruments also play an important role in establishing lexical 
taxonomies. … instruments practically designate concepts in a lexical taxonomy by sorting 
their referents under different categories" (Chen, 1997, p. 269). On this view, instruments are 
sorting devices which distinguish instances of contrasting concepts by determining specific 
features which differ for the contrasting concepts.  

Another point that Kuhn did not pursue in much detail was the correlation of the set of 
features attached to each category. Admittedly, Kuhn emphasized that the use of a scientific 
concept may be governed by a number of different criteria, and that their coexistence 
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represents knowledge of how the world behaves, about “the situation that nature does and 
does not present” (Kuhn, 1970, p. 191). Thus, concepts are projectible in the sense that they 
imply hypotheses of how their instances behave, and this projectibility may develop 
gradually as new features are discovered.  

Initially, a concept may be introduced just on the basis of a single differentiating 
feature that distinguishes its instances from instances of a known concept. As Buchwald has 
noted, “a novel taxonomy may emerge as someone attempts to grapple with a particular 
device” (Buchwald, 1992, p. 44). For example, one of Kuhn’s examples in Structure, the 
discovery of X-rays, describes how Roentgen one day noticed that a barium platino-cyanide 
screen at some distance from his cathode ray tube glowed when the discharge was in process 
and that this effect was due to some new agent.7  

However, it usually takes more than just different behaviours of a device to posit new 
categories. Thus, Buchwald also added the qualifying notion of the “strength” or 
“robustness” of a taxonomy which to some extend reflects its device independence, "the ease 
with which it can be separated from the device" (ibid.). Although concepts may be introduced 
on the basis of just a single differentiating feature, it is at the same time crucial that "a robust 
taxonomy is also compatible with many other devices that do what the taxonomy considers 
to be the same thing that the first one does but in entirely different ways" (ibid.). Thus, a 
concept becomes increasingly entrenched as more and more features or combinations of 
features select the same category. 

Although Kuhn never discussed this explicitly, he seemed intuitively to link 
something similar to this idea of entrenchment with the question of when to posit a new 
entity. Thus, in his account of the discovery of X-rays he asked the question at what point in 
Roentgen’s investigation one could say that X-rays had been discovered. Kuhn discarded the 
view that the initial observation of the glowing screen would suffice. But he also discarded 
the view that it was it by the end of Roentgen’s hectic weeks of research when he was 
exploring the properties of a new radiation that he had already discovered. For Kuhn, X-rays 
emerged at some point during the weeks during which Roentgen was investigating how the 
glow of a screen came in straight lines from the cathode ray tube, that the radiation cast 
shadows, that it could not be deflected by a magnet, etc.  

                                                 
7 Cf. Kuhn 1970, p. 57f. See Andersen (2002; 2008) for further details on the conceptual developments during the 
early research on X-rays and radioactivity.  
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More explicit considerations on when to posit a new entity have been advanced by 
Arabatzis (2008) who in his analysis of when scientists are ready to posit the existence of 
hidden entities argues that, for scientists, “the over-determination of a hidden entity’s 
properties in different experimental systems is often an important reason in favor of its 
existence” (Arabatzis, 2008, p. 14). Similarly,  Gooding (1986) has noted with respect to new 
experimental possibilities, or, as he terms them, construals, that “until the significance of 
novel information has been sketched out, construals of it retain the provisional and flexible 
character of possibility … The fact that an array of effects can be construed tends to support 
their facticity, and lends credibility to the construal” (Gooding, 1986, p. 219). 

But there is more to robustness than just device independence and correlation of 
features. Although initial, explorative research in a new area may often be focused on 
empirical examination of possible correlations of features - which features seem to be 
correlated, which new concepts based on these feature correlations arise, and so on - what 
usually follows is the development of reasons for these correlations, theories that explain why 
specific features are correlated.. 

The urge to derive theories explaining the correlation of features is not specific for 
scientific concepts, but has been the topic of general discussions in cognitive science. 
Cognitive scientists such as Murphy and Medin (1999) have argued that, generally, people 
tend to deduce causal explanations for feature correlations, a view that has become known as 
the Theory-Theory of concepts.  This has occasionally been interpreted as a return to 
essentialism (e.g. Laurence & Margolis, 1999, p. 47), which may seem counter to Kuhn’s anti-
essentialist, family resemblance account of concepts. However, it is important to note that 
although the focus on underlying causal explanations of the correlation of surface attributes 
might seem to encourage essentialist views, theory-theorists have emphasized that the 
features which appear essential do not do so because of the structure of the world, but 
because they are the features that are most central to our current understanding of the world 
(Murphy & Medin, 1999, p. 454). Later versions of the Theory-Theory point out that people 
tend to give more weight to features that are seen as the causes of other features (Ahn, 1998, 
p. 138; Sloman, Love, & Ahn, 1998), at the same time emphasizing that this view is different 
from essentialism in that causal features need not be defining features, and by the same token 
that features need not be dichotomized into essential and non-essential features. Thus, the 
Theory-Theory may be seen as an important addition to Kuhn’s account rather than as a 
challenge to it.  
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Sketching the dynamics: The no-overlap principle 
Kuhn’s account of hierarchical conceptual structures was developed gradually over several 
decades in an attempt to explain incommensurability as a phenomenon observed by 
historians of science. When Kuhn started elaborating on the issue of conceptual hierarchies in 
the late 1980s and early 1990s, he also introduced a number of restrictions that concepts in a 
lexicon have to obey. The restriction that figured most prominently in his writings was the 
“no-overlap principle”: “No two kind terms, no two terms with the kind label, may overlap in 
their referents unless they are related as species to genus. There are no dogs that are also cats, 
no gold rings that are also silver rings, and so on; that´s what makes dogs, cats, silver, and 
gold each a kind” (Kuhn, 1991, p. 4). Kuhn did not spell out what the other restrictions were, 
but just indicated that further restrictions existed. However, classification and the division of 
concepts has always been an important part of classical logic, and it is common to 
characterize taxonomic divisions by the three principles that concepts formed by a division 1) 
do not overlap, 2) are subordinates to the same superordinate concept, and 3) together 
exhaust the superordinate concept. 8 

A predecessor to the no-overlap principle can be found much earlier in his work on 
family resemblance concepts as a condition which the world must meet for his account of 
concepts to be possible at all. Thus, early on he had argued that if categories could overlap, 
then it would be necessary to define their extensions. As a simple modus tollens argument he 
added that since it can be observed that the extensions of categories are not defined, then they 
cannot overlap: “Only if the families we named overlapped and merged gradually into one 
another – only, that is, if there were no natural families – would our success in identifying and 
naming provide evidence for a set of common characteristics corresponding to each of the 
class names we employ”(Kuhn, 1970, p. 45). Thus, it had been a key feature of Kuhn’s family 
resemblance account of concepts from the outset that it depends on an “empty perceptual 
space between the families to be discriminated” (Kuhn, 1970, pp. 197, fn. 14). In formulating 

                                                 
8 For a detailed account of these principles in relation to Kuhn’s account of concepts, see Andersen, Barker & 
Chen 2006, chapter 4. Among the philosophical roots to analyses of conceptual hierarchies is Aristotle’s 
treatment of definitions in terms of genus and differences which in the scholastic tradition was developed into 
definitions per genus proximum and differentiam specificam. However, despite his strong emphasis on differentiae 
Kuhn never referred to this logical literature on taxonomies. Instead, in some of his very last writings he took 
interest in an Aristotelian notion of substance, and explained the no-overlap principle as based on the 
impossibility of the lifelines of different substances to intersect. 



Page 12 of 34 
 

this condition on the world, Kuhn explicitly moved beyond Wittgenstein whom he found to 
have said “almost nothing about the sort of world necessary to support the naming procedure 
he outlines” (Kuhn, 1970, p. 45, fn. 2).  

This condition on the world that it has to offer empty perceptual spaces between the 
families to be discriminated is also the key to understanding Kuhn’s position in-between 
traditional realism and traditional anti-realism. When Kuhn claimed that “though the world 
does not change with a change of paradigm, the scientists afterwards work in a different 
world” (Kuhn, 1970, p. 121), he distinguished between two different kinds of worlds: a 
“hypothetical fixed nature” (Kuhn, 1970, p. 118) and a “perceived world”(Kuhn, 1970, p. 128). 
Like Kant’s thing-in-itself, Kuhn saw the hypothetical fixed nature as “ineffable, 
undescribable, undiscussible” (Kuhn, 1991, p. 12), as a “Kantian source of stability”, “located 
outside of space and time” (ibid.). The perceived world, on the hand, is “a world already 
perceptually and conceptually subdivided in a certain way” (Kuhn, 1970, p. 129), and this 
subdivision was a structure that was imposed on the world by means of the concepts applied 
to it. Because this perceptually and conceptually subdivided world was dependent of 
conceptual structures and would therefore change with a change of language, Kuhn 
maintained that his view was Kantian but “with categories of the mind which could change 
with time as the accommodation of language and experience proceed” (Kuhn, 1979, p. 418f.). 
A decade later, he elaborated on this comparison, now directly comparing Kant’s categories 
with the lexicon: “Like the Kantian categories, the lexicon supplies preconditions of possible 
experience. But lexical categories, unlike their Kantian forebears, can and do change, both 
with time and with the passage from one community to another” (Kuhn, 1991, p. 12). 

This position may seem to contain an inner tension: On the one hand, the structure of 
perceptual space is determined by relations of similarity and difference between instances of 
contrasting concepts, but on the other hand these relations are dependent on a certain 
structure of the perceptual space. To dissolve this tension it is important to note that the 
position that Kuhn was developing was inherently historical. On Kuhn’s view, the 
phenomenal world is never structured from scratch by its inhabitants. Instead, they will 
always have inherited a phenomenal world from their predecessors which they can then 
interact with and change in the process. In this way, every new generation will find a 
phenomenal world  
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“already in place, its rudiments at their birth and its increasingly full actuality during their educational 
socialization, a socialization in which examples of the way the world is play an essential part. … Creatures 
born into it must take it as they find it. They can, of course, interact with it, altering both it and themselves 
in the process, and the populated world thus altered is the one that will be found in place by the 
generation which follows” (Kuhn, 1991, p. 10).  

 
Hence, a structured perceptual world populated with discriminable families is always 
inherited by any generation from their predecessors. But once the new generation has gained 
access to this particular phenomenal world they may start reshaping it by introducing new 
relations of similarity and difference and abandoning old ones and thus leave a different 
structure of the phenomenal world to their successors than the structure they inherited 
themselves.  

Kuhn’s position is realist in the sense that nature cannot be forced into any arbitrary 
set of conceptual boxes. Whether a set of features really is correlated in the sense that they all 
distinguish coextensive categories was for Kuhn an objective matter. If they did not, 
anomalies would inevitably appear. But the claim that it is an objective matter whether 
features can be correlated in a particular way does not rule out that features can be correlated 
in different ways as well and that these will carve different joints in the phenomenal world. 
Thus, Kuhn’s position should be understood as a purely negative claim that not any arbitrary 
correlation of features is possible; it is not a positive claim about the existence of a privileged 
set of features that carve out the world’s real joints. 

Whereas his early work had focused on empty perceptual space as a condition which 
the world must meet for a family resemblance account of concepts to be possible, his later 
work also focused on the function of this condition for the process of conceptual change. On 
Kuhn’s view, these hierarchical restrictions are fundamental for a lexicon, and the lexicon will 
therefore be seriously challenged if an instance of one of the categories in the lexicon turns up 
that violates them. Again, Kuhn was primarily concerned with the no-overlap principle and 
his own examples concerned discoveries that could be classified into contrasting categories: 
“if the members of a language community encounter a dog that´s also a cat (or, more 
realistically, a creature like the duck-billed platypus) they cannot just enrich the set of 
category terms but must instead redesign a part of the taxonomy” (Kuhn, 1991, p. 4). In this 
way, violations of the no-overlap principle (as well as the two other taxonomic principles) can 
be seen as the key to understanding what may provoke changes in a lexicon. However, 
although he elaborated on the notion of anomalies – especially in the form of violations of the 
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no-overlap principle - as events that may trigger conceptual change, he did not say much 
about the creative process through which a new conceptual structure is created. This may in 
part be a reminiscence of the gestalt switch metaphor which he had introduced in Structure 
and which seemed to indicate that conceptual changes happen all at once. Further, he had 
started to develop his account in an attempt to explain incommensurabilty as the relation 
between two conceptual structures on each side of a revolution and thus as the end result of 
conceptual change, while the process of scientific change did not come into his focus until 
much later.  

During the 1980s Kuhn started admitting that his interpretation of revolutions and 
later of translation failure had been the result of his experiences as a historian discovering the 
past, and he realized that the experience of the scientists moving through time in the opposite 
direction would most probably be quite different. Admittedly, he still argued that scientists 
experience gestalt switches, but now added the qualification that “their shifts in gestalt will 
ordinarily be smaller than the historian’s for what the latter experiences as a single 
revolutionary change will usually have been spread over a number of such changes during 
the development of the sciences” (Kuhn, 1983b, p. 715). However, he still denied that these 
language changes might have taken place originally as what he called ‘gradual linguistic 
drift’. In support of his view he referred to empirical evidence in the form of reports of ‘aha’ 
experiences (Kuhn, 1983b, p. 715). Further, Kuhn argued that “it is the acceptance of fuzziness 
that permits drift, the gradual warping of the meanings of a set of interrelated terms over 
time” and that “in the sciences borderline cases of this sort are sources of crisis”, and he 
concluded that although gradual linguistic drift may happen in discourses such as those of 
the political life, it is simply inhibited in the sciences (Kuhn, 1983b, p. 715). 

 Kuhn never developed any detailed case studies on violations of the no-overlap 
principle, but several other scholars have conducted detailed historical case studies that 
vindicate the view that violations of the no-overlap principle may trigger conceptual change. 
Among these, Chen (2002) in a direct parallel to Kuhn’s example of the duck-billed platypus 
has analyzed the developments in 19th-century ornithology when the discovery of new 
species on distant continents questioned the existing taxonomy for classification of birds. 
Focussing specifically on the discovery of the South American screamer whose webbed feet 
and pointed beak provided an overlap in a taxonomy that was based on a clear difference 
between water birds with webbed feet and rounded beaks and land birds with clawed feet 
and pointed beaks, Chen showed how these discovery led ornithologists to present 
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alternative taxonomies designed to eliminate the anomalies caused by the newly discovered 
species. Likewise, Andersen (1996)  has analyzed the development of nuclear physics in the 
1930s leading up to the discovery of nuclear fission, showing how a series of anomalies led to 
gradual conceptual changes, and how in this process discoveries of anomalies in the form of 
violations of the no-overlap principle interact with different forms of conceptual 
development, including both the introduction of new differentiating features, the 
introduction of new concepts, and changes in the theoretical explanation of correlated 
features.  

Several scholars have described typologies of the different kinds of conceptual changes 
that may result from anomalies (see e.g. Andersen, Barker, & Chen, 2006; Thagard, 1992). For 
example, anomalies may suggest that an instance of a given concept within the taxonomy 
behaves differently than expected and is therefore characterized by other differentiating 
features, but without changing the boundaries of the concepts in the taxonomy. Further, 
anomalies may suggest that a new concept should be added within the taxonomy, but simply 
as an additional category of previously undiscovered objects such that the new concept does 
not affect the boundaries of previously known concepts. Finally, and most severely, 
anomalies may suggest that the previously assumed conceptual boundaries do not hold, that 
is, that the taxonomy must be restructured in order to categorize all encountered objects 
consistently. Whereas the two former kinds are changes that can be assimilated within the 
existing taxonomic structure, the later kind changes the taxonomic structure itself. Although 
these studies provide typologies of conceptual change and accounts of how anomalies trigger 
changes and how a series of anomalies may drive a stepwise development of conceptual 
change, they do not amount to an account of the process through which the changes are 
brought about. However, recent research in cognitive history of science has uncovered many 
of the reasoning practices through which scientists construct new concepts, (see e.g. 
Nersessian, 2008a; Nersessian, 2008b). 
 

Last speculations: lifelines and categorization modules 
Kuhn’s condition on the world that there has to be empty perceptual space between the 
families to be discriminated had been part of his position from early on.  In some of his last 
writings he tried to sketch a justification of the basic principles on which his account was 
based. Kuhn had often emphasized that his account of concepts apply only to a particular 
kind of concepts, namely those “which refer to the objects and situations into which a 
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language takes the world to be divided” (Kuhn, 1990, p. 4). On this view, a taxonomic 
conceptual structure, or a lexicon as Kuhn also called it, is a sort of categorizing module in 
which certain sorts of expectations about the world are embedded (cf. (Kuhn, 1990, pp. 5-8)). 
In some of his last talks, Kuhn argued that the lexicon should not be seen as a set of beliefs, 
but as “a mental module prerequisite to having beliefs, a mode that at once supplies and 
bounds the set of beliefs it is possible to conceive” (Kuhn, 1991, p. 5).  Thus, Kuhn 
hypothesized that “the underlying form of taxonomic classification embodied in the lexicon is 
the technique required to the reidentification of individuals” (Kuhn, 1990, p. 13). The basic 
argument was that one of the fundamental requirements for human survival is the ability to 
track objects, and this requires, first, that the life lines of objects do not intersect (see figure 2), 
and second, that the life lines can be traced by humans through the features of the objects, in 
other words, that we “need features such that for some minimal time interval, two successive 
presentations of an object along the same life line will be more like each other than any 
presentation of an object on another life line” (Kuhn, 1990, p. 13) (see figure 3). 
 
 

 
Figure 2. Lifelines do not intersect. From Thomas S. Kuhn: An Historian's Theory of Meaning. Talk to Cognitive 

Science Colloquium, UCLA 4/26/90.  MIT Archives and Special Collections, MC 240, box 24, folder 8. 
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Figure 3. Two successive presentations of an object along the same life line will be more like each other than any 

presentation of an object on another life line. From Thomas S. Kuhn: An Historian's Theory of Meaning. Talk to 

Cognitive Science Colloquium, UCLA 4/26/90.  MIT Archives and Special Collections, MC 240, box 24, folder 8. 

 
Kuhn expected this mental module to be both biologically and culturally determined: 
“Doubtless some aspects of [the] lexical structure are biologically determined, the products of 
a shared phylogeny. But, at least among advanced creatures (and not just those linguistically 
endowed), significant aspects are determined also by education” (Kuhn, 1991, p. 10).9 The 
biological component made Kuhn reflect on the evolutionary origin of the module, claiming 
that “presumably it evolved originally for the sensory, most obviously for the visual, system” 
and that it developed from “a still more fundamental mechanism which enables individual 
living organisms to reidentify other substances by tracing their spatio-temporal trajectories” 
(Kuhn, 1991, p. 5). From his teaching notes (Kuhn: Philosophy 24.853) he seemed to have 
drawn on standard psychological literature on infants’ development of reidentification skills 
such as Bower (1974), Development in Infancy, Keil (1979) Semantic and Conceptual Development, 
and Markman (1989) Categorization and Naming in Children: Problems of Induction. Based on this 
psychological literature he described how reidentification by tracking with the eyes and 
                                                 
9 The claim that taxonomic structures are partly biologically determined comes close to views advanced by 
Quine as part of his naturalized epistemology. Thus, Quine also asserted that “a standard of similarity is in some 
sense innate. This point is not against empiricism; it is a commonplace of behavioral psychology” (Quine, 1969, 
p. 11). Further, both Kuhn and Quine argued that at least parts of this biological equipment are not only 
characteristic of humans but of animals as well. 
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hands could be seen in infants from the age of a few months and argued that when these 
children reacted to an object placed inside another as if it had disappeared, this could be seen 
as the root of the principle that lifelines do not intersect. Admittedly, this example concerned 
spatio-temporal overlap, but Kuhn argued that later infants would develop the capacity for 
tracking objects by qualities rather than just through spatio-temporal continuity, and that the 
principle that lifelines do not intersect would develop into a no-overlap principle for 
qualities. However, these reflections remained sketchy and did not draw in much detail on 
available resources from cognitive science. Most importantly, as Nersessian (2003) has 
pointed out, the psychological literature on which Kuhn was drawing concerned numerical 
identity and individuation of objects, and it was a category mistake to apply results on how 
individuals are tracked through time to the question of how concepts are tracked through 
time. 
 
  



Page 19 of 34 
 

Rooms for exploration: Community and individual 
When Kuhn realized the differences between conceptual shifts as experienced by the 
historian working backwards in time and the conceptual changes created by the scientists 
taking part in the scientific development, he adhered to the view that historians, working 
backwards, may experience only a single conceptual shift whereas the actual developmental 
process created by scientists working forwards in time may require a whole series of stages. 
However, it remained unclear from Kuhn’s writings whether he thought that these minor 
changes could in addition be distributed among different members of the scientific 
community. In Kuhn’s work conceptual structures are sometimes described as properties 
constitutive of a scientific community and sometimes as properties carried by each individual 
member of the community, but how these two views interrelate was never spelled out in any 
detail.  

Ever since Structure, Kuhn had been interested in the relation between a scientific 
community and the conceptual structures that the members of this community share, but he 
had difficulties spelling out this relation. Initially, he had introduced scientific communities 
and the various cognitive elements that he at that point still referred to with the overarching 
concept of paradigms in a circular way, namely that “a paradigm is what the members of a 
scientific community share, and conversely a scientific community consists of men who share 
a paradigm” (Kuhn, 1970, p. 176); a circularity that he pointed out in the Postscript to the 2nd 
edition of Structure.10 Later, in his writings from the 1980s and 1990s, after he had taken his 
linguistic turn, Kuhn had replaced the diffuse notion of paradigms with the more specific 
notions of taxonomies and lexicons as the description of the cognitive resources that the 
members of a scientific community share. He now described a scientific community as 
members of a language community who through that language had similar expectations with 
respect to the objects and situations to encounter. On this view, what members of a scientific 
community must share is the overall lexical structure that enables them to pick out the same 
referents for the same terms, but at the same time the features that they each use in 
categorization may vary: 

                                                 
10 In the Postscript he also suggested that for the historian trying to identify a paradigm and its community, the 
circle could be broken by the new scientometric methods developed by sociologists such as Crane that would 
enable the identification of the community prior to investigations of its shared paradigm. Kuhn did not reflect at 
that time on how the identification of communities and paradigms would work for the scientists practicing? 
science, but in his last writings from the 1990s he described a developmental solution that draws from the fact 
that scientists are always socialized into a particular community and then work from there (cf. Kuhn, 1991). 
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Homologous structures, structures mirroring the same world, may be fashioned using different sets of 
criterial linkages. What such homologous structures preserve, bare of criterial labels, is the taxonomic 
categories of the world and the similarity/difference relationships between them. … What members of a 
language community share is homology of lexical structure. Their criteria need not be the same, for those 
they can learn from each other as needed. But their taxonomic structures must match, for where structure 
is different, the world is different, language is private, and communication ceases until one party acquires 
the language of the other (Kuhn, 1983, p. 683). 

 
This description was developed to explain incommensurability as a relation of 
untranslatability.11 However, the process by which a new lexical structure was developed that 
was incommensurable with the old remained opaque and was characterized only through the 
negative claim that it could not be through gradual linguistic drift since that would require a 
fuzziness of the conceptual boarders that science did not permit (cf.Kuhn, 1983, p. 715). 

Only in some of his last works did he explicitly address the microprocesses that occur 
during the process of conceptual change, noting that “as the conceptual vocabulary of a 
community changes, its members may undergo gestalt switches, but only some of them do 
and not all at the same time… To speak … of a community’s undergoing a gestalt switch is to 
compress an extended process of change into an instant, leaving no room for the micro-
processes by which the change is achieved” (Kuhn, 1989, p. 50). However, Kuhn added that 
his work had nothing to say about these microprocesses that occur within a community 
during periods of conceptual change, only that he saw his work as “designed to leave room 
for their exploration” (Kuhn, 1989, p. 51). 

                                                 
11 In his later writings, Kuhn developed an evolutionary view in which he also ascribed the mutual isolation of 
different subspecialites to conceptual disparities or incommensurability: “... what makes these specialties 
distinct, what keeps them apart and leaves the ground between them as apparently empty space. To that the 
answer is incommensurability, a growing conceptual disparity between the tools deployed in the two 
specialties. Once the two specialties have grown apart, that disparity makes it impossible for the practitioners of 
one to communicate fully with the practitioners of the other. And those communication problems reduce ... the 
likelihood that the two will produce fertile offspring” (Kuhn, 2000). However, the conceptual disparity between 
two specialties placed at different branches of the evolutionary tree of the sciences is very different from the 
conceptual disparity between the two specialties at each side of a revolutionary divide. The fact that there is no 
communication between different specialties reflects only that they address ‘something different’, that they are 
not ‘about the same thing’. On the contrary, theories such as, for example, oxygen theory and phlogiston theory 
are indeed ‘about the same thing’ and therefore compete on offering the better account of their common domain 
(see Change, this volume, for an analysis of the chemical revolution). Thus, it seems mistaken to apply the 
notion of incommensurability to different subspecialties. 
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 One kind of microprocess that is related to the graded structures of family resemblance 
concepts has been examined by Andersen, Barker and Chen (2006). As described above, 
Kuhn’s account of concepts shares the implication with other family resemblance accounts 
that different instances of the same concept are not necessarily equally good examples of this 
concept. Since category membership is determined from the degrees of similarity to other 
instances of the concept and difference to instances of contrasting concepts, an instance which 
is similar to other instances of the concept with regard to many features may be seen as a 
better instance than one that shares only a few of these. Similarly, an instance that is similar to 
other instances with regard to features that figure prominently in theories explaining their 
correlation with other features may be seen as a better instance than one that displays 
features less central for theoretical explanations. 

On Andersen, Barker and Chen’s reconstruction of Kuhn’s position, the existence of 
graded structures can explain some of his key claims about the role played by anomalies in 
the development of science, especially that anomalies are not equally severe, and that 
different scientists may judge anomalies differently. Based on Kuhn’s identification of 
anomalies with violations of the no-overlap principle, Andersen, Barker and Chen argue that 
if an object is encountered that judged from different features seems to be an instance of two 
contrasting concepts, it violates the expectations regarding which objects exist and how they 
behave. If the encountered object judged from different features is a good example of two 
different concepts in a contrast set, this will be a severe anomaly, as it clearly violates the no-
overlap principle and thereby calls the adequacy of the conceptual structure into question. On 
the contrary, if an object is encountered that judged from different features is a poor example 
of two different concepts in a contrast set it may not call the conceptual structure in question, 
but just suggest that further research may be necessary to find out whether, for example, a 
new concept should be introduced or whether the existing concepts may be enriched with 
some additional features that allow the objects to be unequivocally assigned to one of them. 
Further, since the graded structures are based on feature-based similarities and differences 
and since different speakers may judge category membership using different features, 
different members of the scientific community may have different graded structures of their 
concepts and therefore have different views on which anomalies are severe and which are 
not. In such cases, only some will react to an anomaly by changing (parts of) their conceptual 
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structure, while others will instead ignore the anomaly or draw on additional features to 
develop a more unequivocal classification into the known categories.12  
 This analysis only applies to communities that share taxonomic structures, that is, to 
communities whose members have gone through similar training in the same area of 
expertise. However, much science, not least much contemporary science, is developed by 
groups of scientists with different backgrounds and whose different areas of expertise 
complement each other. This is a situation that Kuhn’s account does not in any way address. 
Kuhn’s account assumes ethnocentrism of disciplines, that is, that scientific disciplines are 
clusters of specialties with clear gaps between them, and unidisciplinary competence, that is, 
that scholars are competent in one distinct discipline.13 In contrast to this view it may be 
argued that scientific specialties often do overlap and that scientists in their collaborations 
often integrate knowledge drawn from multiple areas of expertise. Kuhn’s account of 
scientific concepts provides no guidance to this situation, and the remaining part of this 
chapter will provide a brief sketch of what needs to be developed in order to extend Kuhn’s 
account to cover interdisciplinary work. 

Turning our attention away from scientists sharing conceptual structure to scientists 
with overlapping conceptual structures, new aspects in the social process of conceptual 
change by groups of scientists are brought to the front. First, Kuhn’s account needs to be 
extended so that taxonomies are interconnected in complicated criss-crossing patterns, 
because concepts are related to other concepts imbedded in different lexicons, for example 
through regularities or laws.14 Second, Kuhn’s account also needs to be extended so that 
concepts and the knowledge that they entail can be distributed among the members of the 
scientific community in the sense that different members draw on different parts of the 
interrelated taxonomies.  

A brief example may serve as illustration: research on induced radioactivity in heavy 
nuclei during the 1930s. An important part of this research was to bombard heavy nuclei with 
neutrons to see whether that resulted in radioactive decay, and, for beta-decay that increases 
the atomic number, whether elements beyond Uranium in the periodic table could be 
produced. The two main groups working in this area were Fermi’s team in Rome and the 
                                                 
12 For an historical case study on how differences in graded structures can lead scientists to very different 
assessments of anomalies, see, e.g., Andersen (2009) 
13 On ethnocentrism of disciplines and unidisciplinary competence, see Campbell (1969). 
14 Additionally, the features used to distinguish between nodes in one taxonomy are themselves nodes in other 
taxonomies; however, we shall not here be concerned with this recursive element of taxonomies. 
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Meitner-Hahn-Strassmann team in Berlin. Both teams included both nuclear physicists and 
analytical chemists who worked closely together to examine the decay series and to identify 
the elements that were produced in the process. While nuclear physics provided knowledge 
about the likely decay processes, analytical chemistry provided knowledge about 
identification of the elements. And whereas physicists and chemists had some knowledge of 
each others’ fields – physicists knowing the basics of the periodic system, chemists knowing 
the basics on which disintegration processes to expect - there were also non-shared areas such 
as the nuclear physicists’ detailed computations of tunnelling effects or analytical chemists’ 
detailed knowledge on precipitation processes. 

In this research, several taxonomic structures are interconnected, most importantly the 
taxonomy of decay processes that includes α-emission, p emission, n capture and β emission 
(shown in figure 4 in white) and the taxonomy of the produced daughter elements that range 
in the periodic system from Z-2 to Z+1 compared to the mother nucleus Z (shown in figure 4 
in grey). Each decay process produces a daughter element that can be identified by its 
chemical characteristics, and this provides a close link between the two taxonomies (shown in 
figure 4 as arrows).  
 
Figure 4. Interrelation between the taxonomy of decay products produced in induced radioactivity and the 

taxonomy of chemical elements 

 
During the period from 1934 to 1938 the two groups conducted long series of experiments, 
and one can follow step by step how new features and new concepts were introduced in the 
taxonomies, and how new theories were developed to explain discovered correlations.15 But a 
major conceptual restructuring was made when the two chemists Hahn and Strassmann in 
December 1938 discovered that a decay product that they thought was Radium could not be 
separated from Barium in their precipitation process; for chemists a very clear violation of the 
no-overlap principle. Hahn wrote to their former group member, the physicist Lise Meitner, 
that although he knew this was impossible from a physical viewpoint, as a chemists he had to 
conclude that the element was Barium and that the nucleus had split. Meitner discussed 
Hahn’s report with another physicist, her nephew Otto Frisch, and together they realized that 
the resources were available to give a physical explanation of this new fission process. 

                                                 
15 See Andersen (1996) for details. 
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Having communicated this back to Hahn, Hahn and Strassmann published their result that 
the nucleus had split, while Meitner and Frisch published the physical explanation of this 
new phenomenon.  

What is important in this brief case study is that the new concept of nuclear fission was 
not introduced by any individual person or within a single taxonomy. It was only introduced 
through the joint acceptance by the chemists Hahn and Strassmann and by the physicists 
Meitner and Frisch of an ontological claim about the existence of a new process, as it could be 
incorporated in the two interconnected taxonomies of decay products and chemical elements, 
respectively. Further, the introduction of the new concept of nuclear fission which had 
originally been triggered by what would otherwise have been a severe violation of the no-
overlap principle in the taxonomy of chemical elements implied correlations of features in the 
taxonomy of decay products and these correlations required new theoretical explanations. In 
this process of introducing a new concept, the physicists and chemists brought together 
various parts of the conceptual structures in which the new concept was embedded, parts 
that they each individually possessed, and which were jointly necessary to introduce the new 
concepts without violating any of the expectations entailed by the interconnected taxonomies 
describing this aspect of the world. Combining their individual knowledge, the involved 
scientists therefore had to mutually trust each others’ expertise. 

Several issues therefore have to be analyzed in order to understand conceptual 
developments in the intersection between overlapping conceptual structures. An extension of 
Kuhn’s model to include the microprocesses occurring within a community of collaborating 
scientists during periods of conceptual change needs to include insights on how to combine 
distributed conceptual structures, on how to arrive at a joint consent to accept conceptual 
changes in the overlap between different conceptual structures, and on the relations of trust 
required to bridge partially overlapping conceptual structures.16  

                                                 
16 New works in distributed cognition have started to analyze the collective cognition that happens when several 
people combine individual knowledge to produce a cognitive output that none of them could produce alone 
(Giere & Moffat, 2003; Giere, 2007; Kurz-Milcke, Nersessian, & Newstetter, 2004; Nersessian, 2004; Nersessian, 
Kurz-Milcke, Newstetter, & Davies, 2003). However, much of this work has been concerned with agency, model-
systems, and the cognitive partnership between researchers and artefacts while little has yet been said about 
distributed conceptual structures. Likewise, work in social epistemology has started to analyze how groups 
arrive at joint consent to accept particular claims (Wray, 1999; Wray, 2006; Rolin, 2008; Thagard, 1997) and the 
role played by trust and testimony in the production of scientific knowledge (Goldman, 2001; Hardwig, 1991; 
Thagard, 2005), but without analyzing how differences in conceptual structures form part of these processes and 
relations. 
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