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CONCEPTUAL DEVELOPMENT IN 
INTERDISCIPLINARY RESEARCH 

INTRODUCTION 
Much scientific activity today is based on interdisciplinary collaborations in which multiple 
scientists with different areas of expertise share and integrate their cognitive resources in 
producing new results that cut across disciplinary boundaries. In this chapter, focus will be 
on how scientists involved in interdisciplinary collaborations link concepts originating in 
different disciplines or research fields and develop new concepts that cut across disciplinary 
boundaries.1  

In recent publications, Collins, Gorman and others (Collins & Evans 2002; Collins, Evans, & 
Gorman, 2006; Gorman 2010) have argued that interdisciplinary collaborations can be 
analysed as trading zones varying along two different dimensions: a cultural dimension 
according to the degree of linguistic homogeneity or heterogeneity, and a power dimension 
according to the degree to which power is used to enforce the collaboration. On their account, 
only some trading zones, what they call inter-language trading zones, result in a truly merged 
culture in which a full blown creole language is the ideal end process. Other forms of trading 
zones are the enforced trading zone in which the expertise of an elite group is black-boxed for 
other participants, the subversive trading zone where one language overwhelms that of the 
other, and the fractionated trading zone which may either be a boundary object trading zone 
mediated by material culture of an interactional expertise trading zone mediated by 
language. 

Based on this typology, Collins et al (2006) have argued that interactional expertise trading 
zones are the norm for much new interdisciplinary work and that it will usually be the first 
step before an inter-language trading zone develops.2 Thus, a common developmental 

                                                 
1 One may add that there is no clear cut boundary between interdisciplinary research and disciplinary research. 
If looking closely at traditional disciplines, much research may consist in collaborations between scientists from 
different subdisciplines. See also Collins et al. (2006, p.  662) or Abbott (2001) for ‘fractal’ descriptions of 
disciplinary structures.  
2 Interdisciplinary research may also exist in the form of an enforced or a subversive trading zone. For example, 
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pattern will start from a heterogeneous collaboration, and as members of the trading zone 
become more interested in each other’s work they will develop interactional expertise, that is, 
sufficient mutual knowledge of each other’s fields to be able to interact in interesting ways, 
but without possessing the contributory expertise necessary to make original contributions 
outside of one’s own field.3 As collaboration intensifies, cultural differences will be reduced 
and the fractionated trading zone gradually transforms into an inter-language trading zone. 

However, this analysis exclusively focuses on how a collaboration may move between 
different kinds of trading zones over time, while it provides no answer to the question of how 
in detail “trading partners hammer out local coordination” (cf. Collins et al., 2006, p. 658). In 
order to answer this question several issues need to be addressed, among them, first, how 
scientists with different areas of expertise combine their cognitive resources, and second, how 
they come to agree on conceptual changes in overlapping areas. The rest of this chapter will 
be focused on these questions. First, I shall provide an account of conceptual development 
within a community. Second, based on this account I shall then describe how concepts from 
different disciplines may be linked or in other ways combined.  In my analysis of how 
cognitive resources are combined I shall draw both on work in distributed cognition on the 
interlocking of mental models and on work in social epistemology on mutual trust and joint 
accept in groups. 

DISCIPLINES AND (IN)COMMENSURABILITY 
Most work on trading zones build on the assumption that the relation between different 
disciplines can be characterized by Kuhnian incommensurability, and that there therefore is a 
deep problem of communication when entering an interdisciplinary collaboration. The 
trading zone is seen as the special location in which communication can nevertheless take 
place because trading partners are here able to establish local coordination, despite vast 

                                                                                                                                                                        
Rossini & Porter (1979; 1981) report that one of four common ways of organizing interdisiciplinary research is 
integration by leader, where interaction is only essential between individual researchers and the leader that 
integrates all incoming results, similar to the idea of an enforced trading zone in which the expertise of the elite 
group/group leader is black-boxed for other participants. Likewise, reductive theory relations can be seen as a 
particular form of a subversive trading zone where one language overwhelms that of the other. However, in this 
chapter focus will be on the collaborative rather than the coerced relations. 
3 For the notions of interactional and contributory expertise, see e.g. Gorman (2002) and Collins and Evans 
(2002). 
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global differences (see e.g. Galison, 1997, p. 783). Although the notion of incommensurability 
has been introduced to describe the relation between paradigms before and after a scientific 
revolution, later in his life Kuhn seemed to think that also the relation between different 
specialties could be characterized by this notion. Hence, describing the development of 
science as an evolutionary tree in which specialties keep proliferating as new subspecialties 
split off from their parent trunk, Kuhn suggested that it was incommensurbility that 
separated the different specialties from each other: 

“... 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 
dispartity 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, p. 120).  

However, when analyzing interdisciplinary research it is important to realize that the 
conceptual disparity between two different specialties – in terms of Kuhn’s evolutionary 
metaphor disciplines 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.4 Specialties at each side of a revolutionary divide address in some way 
the same domain and compete on offering the better account of their common domain. This is a 
relation of incommensurability that may imply severe communication difficulties based on, 
for example, disagreement on which entities exist in the world. On the contrary, although 
different disciplines may address domains that are in some ways partially related, they 
usually do not compete on offering the better – and in the end only – account.5 While 
scientists may here also posit different entities, they will not deny the existence of entities 
posited by other disciplines, they may just not be interested in them. Hence, focusing on 
communication between different disciplines it is important to bear in mind that in case there 
is no or little communication between different specialties, this does not necessarily reflect 
incommensurability but may simply reflect the fact that these specialties address issues that 
are in some way or other unrelated. Further, the overly strong claim about conceptual 

                                                 
4 For an analysis and criticism of Kuhn’s view on this point, see Andersen (2006). 
5 For a discussion and overview of pluralist and reductionist views on the intellectual relationship between 
different disciplines, see Mitchell et al. (1997) 
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disparity ignores exactly the kind of conceptual developments we are interested in here, 
namely conceptual developments across different disciplines. 

CONCEPTUAL STRUCTURES AS CATEGORIZATION MODULES 
Before turning to the question of how scientists from different disciplinary communities can 
combine conceptual resources, I shall first provide an analysis of how concepts and conceptual 
structures develop within an individual community. Adopting Kuhn’s analysis of lexicons as 
the cognitive resources that the members of a scientific community share, I shall focus on 
conceptual structures and the phenomenal world that they carve.6 Thus, I will treat a 
conceptual structure as a general sort of categorization module that divides objects into 
groups according to similarity and dissimilarity between perceived objects or problem 
situations. 

This account of concepts is basically a family resemblance account according to which 
conceptual structures build on relations of similarity and dissimilarity between perceived 
objects. On this account, special importance is ascribed to dissimilarity and the properties 
which differentiate between instances of contrasting concepts, that is, concepts whose 
instances are more similar to one another than to instances of other concepts and which can 
therefore be mistaken for each other (see e.g. Kuhn, 1979, p. 413). Because the instances of 
contrasting concepts are more similar to one another than to instances of other concepts, the 
set of contrasting concepts also form a family resemblance class at the superordinate level, 
and family resemblance concepts therefore 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. In this respect, Kuhn's account is 
very similar to accounts developed by cognitive scientists in the 1970es as part of the 
Roschian revolution.7 

                                                 
6 Others have taken similar approaches, arguing for the importance of classification in science and in society at 
large, see e.g. Bowker & Star (1999). 
7 Although these were not affinities that Kuhn realized when he started his work on concepts, in his unpublished 
material the whole Roschian set of issues, most notably the existence of a privileged basic-level in the taxonomy, 
is explicitly discussed. For a detailed analysis of Kuhn’s family resemblance account of concepts, see e.g. 
Andersen (2000). On the relation between Kuhn’s work and the cognitive revolution in general, see Nersessian 
(1998). 
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In one of his unpublished talks, Kuhn illustrated this with a “fragment of a lexicon for 
physical things” where he showed by use of his favourite example on waterfowls how a 
superordinate concept decomposes into a group of contrasting concepts, and how this 
decomposition is determined by sets of features (figure 1).  

 

[insert Figure 1 here] 

Figure 1. From T. S. Kuhn: An Historian's Theory of Meaning, Talk to Cognitive Science Colloquium, UCLA 
4/25/90. To each node in the taxonomy is attached the name given to the category as well as a set of features 
useful for distinguishing among instances of the subordinate categories. In this way, the features function as 
differentiae for the subordinate level.  

This lexical structure is what the members of a scientific community share. As Kuhn pointed 
out 

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). 

However, the possibility that different members of the community may draw on different 
features enables latent differences between individuals with respect to a so-called graded 
structures of concepts. Since category membership is determined from the degree of 
similarity to other instances of the concept and difference to instances of contrasting concepts, 
instances which are similar with regard to many properties may be seen as better instances 
than one that shares only a few of these. Similarly, instances which are similar with regard to 
properties that are central for theoretical explanations may be seen as better instances than 
one that displays less central features. In this way, family resemblance concepts have the 
capacity to form graded structures, that is, the phenomenon that different instances of the 
same concept are not necessarily equally good examples of this concept. Differences between 
individual members of the community with respect to the features used in the categorization 
will here be reflected as differences in graded structures. 

ANOMALIES AS TRIGGERS OF CONCEPTUAL CHANGE 
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An important implication of Kuhn’s account of family resemblance is that contrasting 
categories cannot overlap.8 Kuhn termed this the ‘no-overlap’ principle and explicated that 

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). 

If an instance is discovered that that violates this principle, this will be seen as an anomaly. 
This is connected to the function of the Kuhnian categorization module as embedding both 
“certain sorts of expectation about the world” (Kuhn 1990 MS, p. 8), namely assumptions of 
what exist and does not exist (what Hoyningen-Huene (1993) has termed the quasi-ontological 
knowledge) and assumptions on which properties are found empirically to correlate (what 
Hoyningen-Huene has termed knowledge of regularities). Hence, an instance that violates the 
no-overlap principle will run counter to expectations about what exists in the world (quasi-
ontological knowledge) or expectations about the characteristics that known objects or 
phenomena have (knowledge of regularities) and will be perceived as an anomaly that 
questions the conceptual structure.9 However, it is important to note that findings that run 
counter to expectations are not made easily. It is difficult to discover something that was 
never anticipated to exist because there is no category by which to classify it. Until such a 
category has been formed which enables the recognition of an actual object or phenomena it 
can only be perceived as ‘something wrong’.         

Further, as described by Andersen, Barker and Chen (2006), the existence of graded structures 
can explain why anomalies are not equally severe and why different scientists may judge 
anomalies differently. If an object is encountered that judged from different properties seems 
to be an instance of two contrasting concepts, it violates the expectations regarding which 

                                                 
8 From classical logic it is a well-known restriction of taxonomic division that concepts formed by division, first, 
do not overlap, second, are subordinates to the same superordinate concepts, and third, together exhaust the 
superordinate concept. Kuhn only referred explicitly to the first of these principles, but a discussion of the other 
principles in relation to Kuhn’s account of concepts can be found in Andersen, Barker & Chen (2006). 
9 See also Andersen, Barker & Chen 2006, chapter 4.3. As Nersessian and Andersen (1997) has noted, this 
provides as kinematics of conceptual change. A full dynamics of conceptual change must also include accounts of 
the reasoning practices involved in arriving at a new conceptual structure. A detailed account of this can be 
found in Nersessian (2009). Further, there may be other triggering mechanisms apart from such empirical 
anomalies. For example, Brigandt (this volume) argues that epistemic aims and values may play important roles 
in conceptual change. Similarly, in his case study, Steinle (this volume) shows how changes in the concept of 
magnetic poles is related to changes of epistemic goals. 
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objects exist and how they behave. If the encountered object judged from different properties 
is a good example of two different concepts in a contrast set, this will be a severe anomaly that 
calls the adequacy of the conceptual structure into question. On the contrary, if an object is 
encountered that judged from different properties is a poor example of two different concepts 
in a contrast set it may not call the conceptual structure in question, but just suggests that 
further research may be necessary to find out whether, for example, an additional category 
exists or whether the existing concepts may show some additional properties that allow the 
objects to be unequivocally assigned to one of them. Further, different speakers may judge 
category membership from different properties. Thus, if different members of the scientific 
community have different graded structures of their concepts, they may have different views 
on which anomalies are severe and which are not. In such cases, only some members of the 
community will reacts to an anomaly by changing (parts of) their conceptual structure, while 
others may instead choose to ignore the anomaly or draw on additional properties to develop 
a more unequivocal classification into the known categories.10  

GRADUAL, CONCEPTUAL DEVELOPMENT WITHIN A LEXICON 
Much conceptual development consists in gradual refinements that do not imply major 
restructuring. Such refinements of existing lexicons may consist of addition detail to existing 
concepts or addition of new concepts that can be accommodated into the structure without 
violations of the hierarchical principles. New concepts may be formed based on emerging 
differentiae, for example when instruments or experiments indicate how to distinguish 
between new kinds. On this view, instruments or experiments are sorting devices which 
distinguish instances of contrasting concepts by determining specific properties which differ 
for instances of contrasting concepts. For example, Buchwald has argued from a case study on 
the development of the wave theory of light 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 practically designate concepts in a lexical taxonomy 
by sorting their referents under different categories" (Chen 1997, p. 269).  

Thus, a central idea in conceptual development is the idea of introducing new, rudimentary 
concepts that initially capture a general idea but still is in need of further articulation; what 
                                                 
10 For an historical case study on how differences in graded structures can lead scientists to different assessments 
of anomalies, see e.g. Andersen (2009) 
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Carey (2009) refers to as ‘placeholder concepts’ or ‘placeholder structures’ (see also 
Nersessian, this volume).11 This kind of conceptual development is what takes place in what 
Steinle has called exploratory experimentation, that is, experimentation that is “driven by the 
elementary desire to obtain empirical regularities and to find out proper concepts and 
classifications by means of which those regularities can be formulated” (Steinle 1997). 
According to Steinle, this kind of experimentation can often be characterized by definite 
guidelines and epistemic goals, including the systematic variation of experimental 
parameters and the formulation of empirical regularities. 

In the process of further articulation of such empirical regularities, additional differentiae may 
be introduced,12 and as more of such details are added, the concept will be perceived as more 
and more ‘robust’. Thus, although a novel taxonomy may emerge as someone attempts to 
grapple with a particular device, it will usually require more than just different behaviours of 
a single device to posit new categories. This idea of the ‘strength’ or ‘robustness’ or concepts 
has been discussed by several scholars. Among others, Buchwald has suggested that "a 
taxonomy's strength – its ability to assimilate and to fabricate new apparatus – depends to a 
very large extent on its device independence, the ease with which it can be separated from the 
device" (Buchwald 1992, p. 44). In other words, "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.).13 Similarly, Gooding (1985) has noted with 

                                                 
11 Similar views on the development of concepts by refining similarities can also be found in the work of Quine 
(1969) who summarized the overall development such that “Living as he does by both bread and science, man is 
torn. Things about his innate similarity standards that are helpful in one sphere, can be a hindrance in the other. 
Credit is due to man’s inveterate ingenuity, or human sapience, for having worked around the blinding dazzle 
of color vision and found the more significant regularities elsewhere. Evidently natural selection has dealt with 
the conflict by endowing man doubly: with both a color-slanted quality space and the ingenuity to rise above it. 
He has risen above it by developing modified systems of kinds, hence modified similarity standards for 
scientific purposes. By the trial-and-error process of theorizing he has regrouped things into new kinds which 
prove to lend themselves to many inductions better than the old” (p. 14f). Carey also refers to the process 
through which new representations are created that are not entirely grounded in antecedent representations as 
‘Quinian bootstrapping’ (Carey, 2009, pp. 20-22).  
12 Obviously, experiments not only act as sorting devices in creating new concepts but also serve to establish 
additional differentiating properties of existing concepts. 
13 This criterion of ‘strength’ or robustness’ is closely related to the issue of entity realism. For example, 
Arabatzis has discussed how scientists become convinced of the reality of a hidden entity and lists as one of the 
important factors that “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). A similar and Kuhnian position in 
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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 1985, p. 219). 

But although explorative research in a new area may initially be focused simply on empirical 
examination of various possible correlations of properties, what often follows in later stages 
of research is the attempt to develop theoretical explanations of these correlations. Such 
explanations will obviously also contribute to the strength of a conceptual structure and 
hence also to the strength of scientists’ expectations to the objects and phenomena they 
observe.14 

So far this account has been focused on concepts and the development of concepts within a 
particular lexicon and therefore in relation to a particular discipline. I shall now move to the 
question how lexicons are combined in interdisciplinary research. 

INTERDISCIPLINARY COMBINATION OF TAXONOMIES 
In his analyses of taxonomies as a categorization module shared by a community Kuhn was 
tacitly assuming a mutual conceptual independence of disciplines. This may be surprising, 

                                                                                                                                                                        
the realism debate can be described in terms of the projectibility of bundles of features, see Andersen (2001) and 
Andersen (2006) 
14 This 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 
(1985/1999) 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 (Laurence and Margolis, 1999, 43-51).  But there 
is considerable divergence in the literature on the goals and characteristics of the Theory-Theory, and on what a 
‘theory’ might be (for an overview see Laurence & Margolis 1999). Some people take it that the ‘theories’ 
introduced in the Theory-Theory restores essentialism (e.g. Laurence and Margolis, 1999, p. 47), but there is no 
overall agreement among theory-theorists on the issue of essentialism. Although the focus on underlying causal 
explanations of the correlation of surface attributes might seem to encourage essentialist views, Murphy & 
Medin have emphasized that the features that appear essential are not 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 (cf. Murphy & 
Medin 1985/1999, p. 454). Later versions of the Theory-Theory, such as the causal status interpretation of 
attribute centrality developed by Ahn, also point out that people tend to weight features that are seen as the 
causes of other features more than their effects (cf. Ahn 1998, p. 138). However, Ahn also makes clear 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. 
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given the obviously unrealistic character of the assumption, yet as already Campbell (1969) 
spelled out, the view of disciplines as separated by gaps has been widespread. Giving up this 
assumption, we achieve a much more complicated picture of scientific lexicons and how they 
relate. First, taxonomies may integrate into each other like a nest of Chinese boxes. Thus, 
features used to differentiate between instances of contrasting categories are themselves 
concepts that are also embedded in lexicons with their own features, correlations between 
features, and theories to explain feature correlations. Further, the same concepts may form 
part of multiple lexica concerned with, for example, different aspects of a phenomenon (or set 
of phenomena). 

One set of attempts to describe concepts cutting across different disciplines is the currently 
very popular work within science studies on boundary objects (Star & Griesemer, 1989). 
However, where the notion of boundary objects was introduced to describe situations in 
which the object resides between communities of practice where it is ill structured and has a 
vague identity (Star, 2010), I shall turn the description around and focus on how scientists 
collaborating in interdisciplinary research combine their conceptual resources, and how they 
adopt structures and constraints provided by collaborators from other areas of expertise. Thus, 
rather than focusing on plasticity and vagueness, I shall focus instead on constraints and 
precision. 

Analysing how scientists combine their cognitive resources and how they come to agree on 
conceptual change in overlapping areas needs to be informed by current work in both 
distributed cognition and social epistemology. Thus, work in distributed cognition analyzes 
the collective cognition that happen when several people combine individual knowledge to 
produce a cognitive output that neither could produce alone (see e.g. Giere & Moffat 2003; 
Giere 2007; Kurz-Milcke, Nersessian, & Newstetter 2004; Nersessian 2004; Nersessian, Kurz-
Milcke, Newstetter, & Davies 2003). As described by Nersessian (2009), much of this work has 
focused primarily on the artifacts that participate in cognitive processes. However, 
Nersessian’s own work has provided a useful complement in focusing on “the nature of the 
representations within the bounds of the human components which facilitate their 
participation in a cognitive system” (ibid., p. 745, italics added), where she has found that 
interlocking mental models constitute distributed inferential systems. This notion of interlocking 
mental models help explicate the relations across conceptual structures developed within 
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different disciplines and show how instruments, experiments, objects or interfield theories 
can serve as the ‘hubs’ that bridge between these different conceptual structures.  

Work in distributed cognition has also been concerned with cognitive partnership (e.g. 
Osbeck & Nersessian, 2006), but it has not gone into details with cognitive partners’ mutual 
commitment to the distributed cognitive processes. This issue has instead been discussed 
within social epistemology. Recently, work in social epistemology has started analyzing how 
groups arrive at a joint accept of particular claims (Gilbert, 1987; Gilbert, 2000; Gilbert, 2003; 
Rolin, 2008; Thagard, 1997; Wray, 1999; Wray, 2006) and the role played by trust in the 
production of scientific knowledge by groups of scientists (Goldman, 2001; Hardwig, 1991; 
Thagard, 2005), but without going deep into the analysis of how differences in cognitive 
resources, including conceptual structures and the interlocking mental models of which they 
form part, influence these processes and relations. Combinations of insights on cognitive 
partnership, interlocking mental models and on joint commitment seem fruitful for 
explaining how knowledge can distributed among scientists in a group and how groups of 
collaborating scientists with different cognitive resources may create new concepts as a joint 
collaborative activity. To indicate how a combination of these analytical tools may be 
unfolded, I shall turn to a case study of interdisciplinary collaboration in science.  

A CASE STUDY 
To illustrate how an extended account of scientific lexicons that include distributed cognition 
between jointly committed scientists, let me present a brief case study on induced 
radioactivity in heavy nuclei during the 1930es.15 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 groups working in this area 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 
informed about the likely decay processes, analytical chemistry informed about identification 
of the elements. And whereas physicists and chemists had some knowledge of each other’s’ 
fields – physicists knowing the basics of the periodic system, chemists knowing the basics on 

                                                 
15 For more detailed accounts of this case, see Andersen 1996, 2009 and 2010. 
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which disintegration processes to expect - there were also non-shared areas such as the 
nuclear physicists’ detailed computations of tunneling effects or analytical chemists’ detailed 
knowledge on precipitation processes. In this research, the physical lexicon of decay 
processes and the chemical lexicon of chemical elements are interlocking. Each decay process 
produces a daughter element, and this element can be identified by its chemical 
characteristics. In this way, the produced daughter elements serve as hubs that bridge 
between the two lexicons. 

[insert figure 2 here] 

Figure 2. An important feature in the lexicon of decay processes is the produced element. This feature 
distinguishes between the different processes in the contrast set of nuclear transmutations, but at the same time 
the elements are also contrasting categories in the contrast set of chemical elements. 

Each of the two lexicons include models that have been developed to explain various features 
and their correlations. For example, Gamow’s droplet model of the nucleus explained why 
only small particles could be emitted from the decaying nucleus. Likewise, models of electron 
configurations explained why the various elements had different chemical properties. These 
models were distributed among the researchers, and together they formed a set of 
interlocking models that worked as a distributed inferential system. This inferential system 
enabled some scientists to infer what kind of process to expect, given, for example, the energy 
of the neutrons used to bombard the element, and enabled others to infer which chemical 
properties to be expected from the element produced in the process. At the same time, new 
experiments informed both physicists and chemists about additional details of the process of 
induced radioactivity, the character of the nucleus and the conditions for its transmutation, 
and characteristics of new, transuranic elements.  

The production of new knowledge, both ‘quasi-ontological knowledge’ about the existence of 
new elements and processes, and ‘knowledge of regularities’ about the characteristics of these 
new elements and processes required the combination of knowledge of several researches. 
Thus, on the one hand chemists would draw on the knowledge of physicists about likely 
processes to narrow down the range of chemical analysis, on the other hand physicists would 
draw on the chemists identification of the produced elements. In this way, the researchers 
were epistemically dependent on each other.  
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As described by Hardwig, (1991; 1985), dependence on other experts pervades any complex 
field of research, for example because the process of gathering and analysing data would take 
too long for any individual researcher to accomplish, or because, as in this case, no one knows 
enough to be able to do the work alone. In such situations scientists need to trust the 
testimony of other researchers.16 However, this trust is not unqualified. As Hardwig has 
argued, the principle of testimony – that A has good reasons to believe that p if A has good 
reasons to believe that B has good reasons to believe that p – requires not only that the trusted 
researcher is truthful, but also that the trusted researchers is competent in the area, 
conscientious in his or her work, and has adequate epistemic self-assessment when reporting 
results. But how do researchers in an interdisciplinary collaboration evaluate these aspects of 
each other’s epistemic character? The closer their areas of expertise, the more will they be able 
to perform direct calibration where they may draw on their own knowledge to evaluate the 
competence and conscientiousness of each other. Conversely, for remote areas of expertise 
they may need to perform indirect calibrations where they draw on past track records, the 
opinion of other scientists, etc.17  

Hence, an overlooked aspect of interactional expertise is that it may also play an important 
role in providing the basis for the calibration of trust among researchers who interact in the 
production of new results at the forefront of research. Either one must have the contributory 
expertise required in both fields to argue convincingly for suggested changes, or one must 
have sufficient interactional expertise to be able to convey to others with contributory 
expertise why results from one’s own area of expertise calls for changes in their area. This can 
be illustrated by the case of Ida Noddack,18 an analytical chemist who had worked for several 
years searching for the still missing elements in the periodic table, especially the elements 
number 43 and 75 which belonged to the same group as Fermi and his collaborates expected 
element number 93 to belong to. The chemical properties of elements of this group was 
therefore very much within her area of expertise, while nuclear physics was not. Shortly after 
the publication of the Fermi group’s results, she published a paper in which she pointed out 
                                                 
16 I shall here be concerned primarily with trust between researchers in the early phases of research when new 
results are advanced, not in later phases when the produced results become an established part of handbooks, 
textbooks etc. Focusing on the early phase when results are initially advanced, I shall also deal primarily with 
the relation between researchers contributing at the forefront of research within the same or closely related areas 
and who are therefore likely to build directly on each other’s’ results. 
17 See e.g. Kitcher (1993) and Goldman (2001) for discussions of calibration. 
18 See Andersen (2009) for details of this case. 
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that several known elements would behave like Fermi’s new element in the precipitation 
processes they had used to identify it. But these were all light elements and could not be the 
product of any of the artificially induced disintegration processes contained in Fermi’s 
taxonomy of nuclear transmutations. Noddack therefore suggested two different processes 
which could lead to the production of light elements: either a long series of successive 
transformations, or the division of the nucleus into several large fractions. However, both 
these suggestions ran counter to the physicists’ model of nuclear transmutation, but either 
Noddack did not know, or she did not care. She made no attempt at explaining how her 
suggestion would make sense from a physical perspective – she did not have contributory 
expertise in physics to do so – nor did she engage with physicists directly in order to 
understand their constraints and address them. This lack of interactional expertise seems to 
have been one important aspect of why her suggestion was simply discarded by the 
physicists as vague speculations that merely pointed to a lack of rigour in their argument 
(Amaldi, 1984, p. 277). 

While Hardwig’s account of trust and epistemic dependence provides a description of how 
scientists combine knowledge claims across areas of expertise, it does not address whether 
there are any additional commitments between collaborating scientists, apart from the 
relation of trust. However, Gilbert (1987, 2000) has advanced an account of scientific 
knowledge that builds on group members’ mutual commitments. According to her analyses, 
members of a group jointly accept the claim that p if and only if it is common knowledge in 
the group that the group’s individual members have openly expressed a conditional 
commitment jointly to accept together with the other members that p (cf. Gilbert 1987, p. 195). 

One of the important implications of a commitment jointly to accept some claim that p is that 
“group members are personally obliged not to deny that p or to say things that presuppose the 
denial of p in their ensuing interactions with each other” (Gilbert 1987, p. 193f, italics in the 
original). In this way, the collective acceptances act as constraints on the possibility for group 
members to change their view or in other ways deny that p. If they speak contrary to the 
collectively accepted propositions, they have violated obligations that they had with others 
and they will be regarded as acting out of line. The other members of the party have the 
standing to take responsive measures, from mild rebuke to ostracism (cf. Gilbert 2000, p. 42). 
This indicates that a joint commitment can only be rescinded by the parties to it acting 
together to form a new joint acceptance of a revised view (cf. Gilbert 2000, p. 40). This mutual 
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obligation not to rescind individually from the accepted claim seems to go at least some way 
to explaining the stability of normal science, but as indicated by Gilbert (2000) in her paper on 
joint belief and scientific change, this leaves us with the question of how to account for 
scientific change.  One key to answering these questions has been laid out by Wray who 
argues that “one who seeks to change the view of a plural subject must show how the 
obligation that the group has to accept the view is inappropriate. This may involve providing 
evidence that suggests that the collectively accepted view is false, but it need not” (Wray 
2001, p. 326). Thus, important aspects of understanding scientific change is to understand 
how new evidence that challenges a jointly accepted claim is received in a group that has 
jointly accepted the claim. Let us therefore examine the mutual commitments between 
scientists in a group towards a shared conceptual structure and quasi-ontological knowledge 
and knowledge of regularities that it contains.  

During the period from 1934 to 1938 the groups working on induced radiation conducted a 
large number of experiments, and it can be followed step by step how new features and new 
concepts were introduced in the taxonomies, and how new theories were developed to 
explain discovered correlations.19 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 in the taxonomy of chemical 
elements. 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. This would mean that the nucleus had split, and he asked whether 
she could figure out an explanation. In this way, he transmitted a situation that had been 
perceived as a severe anomaly in the lexicon of chemical elements, while transforming it 
instead into an anomaly in the closely related lexicon of decay processes. However, he did not 
himself finally draw the conclusion that the nucleus had split and that a new decay process 
had to be introduced; he was dependent on additional knowledge from Meitner on the 
physical lexicon of decay processes in order to introduce such a new concept. But writing the 
letter, emphasizing that he saw how his results seemed to violate physical constraints, he 
showed that although he did not possess the contributory expertise within physics to advance 
a physical explanation of his result, he did have the interactional expertise to enter a 

                                                 
19 See Andersen (1996) for details. 
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partnership with Meitner on finding a solution. Meitner discussed Hahn’s report with 
another physicist, her nephew Otto Frisch. Frisch first questioned whether Hahn’s result 
could be correct, but Meitner made clear that she knew him as a good chemist whose work 
could be trusted. And soon Meitner and Frisch realized that the resources were available to 
give a physical explanation of this new fission process by drawing on another model of the 
nucleus recently developed by Bohr. 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.  

Hence, 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 both the 
chemists Hahn and Strassmann and by the physicists Meitner and Frisch of an ontological 
claim about the existence of the process as it could be incorporated in the two interconnected 
taxonomies of decay products and chemical elements, respectively, as well as a number of 
claims about which regularities that hold for this new process and how these can be 
theoretically explained. Further, the introduction of the new concept which had originally 
been triggered by what would otherwise have been a severe violation of the no-overlap 
principle in the lexicon of chemical elements implied changes in the lexicon of decay products 
and these changes 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 interlocking taxonomies describing this aspect of the 
world. Combining their individual knowledge, the involved scientists had to mutually trust 
each other’s expertise. Thus, the introduction of a new concept in the intersection between 
two overlapping conceptual structures seems to have worked in the same way as social 
epistemologists describe joint accept, that is, a conditional commitment jointly to accept the 
introduced concept.  

As this brief case study illustrates, conceptual development involving researchers from 
different areas of expertise requires that their lexicons interlock. These interlocking lexicons 
can involve multiple models developed to explain existence of categories and correlations of 
features, and the whole conceptual system therefore involves a multitude of interlocking 
models that work as a distributed inferential system. However, working together, using such 
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a distributed inferential system, the involved researchers need both to be able to interact in 
meaningful ways across disciplinary divides and to have trust in each other’s expertise. When 
scientists from one discipline produce results that have implications elsewhere in the 
inferential system they must be able to convey to scientists from other disciplines that their 
result can be trusted. One ingredient in this activity may be a display on interactional 
expertise sufficient to communicate meaningfully about the consequences in both disciplines 
and sufficient to engage in a joint accept of changes involving the hubs that bridge between 
interlocking lexicons.  
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