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EPISTEMIC	DEPENDENCE	IN	
INTERDISCIPLINARY	GROUPS	
	
 Abstract: In interdisciplinary research scientists have to share and integrate knowledge between people and 

across disciplinary boundaries. An important issue for philosophy of science is to understand how scientists 

who work in these kinds of environments exchange knowledge and develop new concepts and theories across 

diverging fields. There is a substantial literature within social epistemology that discusses the social aspects 

of scientific knowledge, but so far few attempts have been made to apply these resources to the analysis of 

interdisciplinary science. Further, much of the existing work either ignores the issue of differences in 

background knowledge, or it focuses explicitly on conflicting background knowledge. In this paper we 

provide an analysis of the interplay between epistemic dependence between individual experts with different 

areas of expertise. We analyze the cooperative activity they engage in when participating in interdisciplinary 

research in a group, and we compare our findings with those of other studies in interdisciplinary research. 

1.	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 order to produce new results that cut across disciplinary 

boundaries. While philosophers of science have analyzed the character and 

benefits of various types of collaboration in science as such,1 it remains an 

important issue for philosophy of science to understand how in this process 

scientists exchange knowledge and develop new concepts and theories across 

diverging fields. A full analysis of these questions needs to examine both the 

cognitive-epistemological question of how concepts, theories, and explanations 

from different fields are related to each other, and the social question of how 

people with different areas of expertise exchange and develop knowledge 

together.  

A substantial literature that discusses the social aspects of knowledge has been 

developed within social epistemology. Some social epistemologists have 

specifically addressed scientific knowledge (Gilbert, 2000; Goldman, 2001) and a 

number of philosophers of science have brought these resources into their 

analyses of scientific knowledge and knowledge production (Rolin, 2008, 2010; 

Staley, 2007, Staley, 2010; Wray, 2007). Many of the topics treated in social 

epistemology have the potential to bear in important ways on interdisciplinarity. 

                                                 
1	See	e.g.	Maienschein	(1993),	Thagard	(1997)	and	Wray	(2002)	
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They could offer deep insights into how scientists with different areas of expertise 

exchange and develop knowledge across diverging fields. However, this potential 

has not yet been explored. 

One branch of social epistemology has focused on judgment aggregation, 

analyzing group judgments and how they relate to the judgment of the group’s 

individual members (List & Pettit, 2002, 2005; Pettit, 2003). However, this work 

primarily concentrates on aggregation of conflicting knowledge within one 

subject area, rather than aggregation of knowledge from complementary fields.2 

Another branch of social epistemology analyzes epistemic dependence and trust in 

experts (Goldman, 2001; Hardwig, 1985, 1988, 1991). This work does address the 

fact that knowledge is transferred between scientists from different fields, but in 

doing so it focuses primarily on how individuals can justify their testimony-based 

beliefs. It does not focus on how knowledge from different fields can be 

connected and integrated – which is an important question in the case of 

interdisciplinarity. Finally, work on social groups analyzes collective entities and 

whether they can have intentional states such as belief or intention (Gilbert, 1987; 

Bratman, 1992, 1999). 3 This literature has been used to analyze scientific groups, 

often with a particular emphasis on Gilbert’s work on collective belief (Rolin, 

2008; Wray, 2001, 2007) or Bratman’s work on shared intentions (Fagan, 2009, 

2010). However, most of this work has focused on the role of joint beliefs once 

these are established, but tells little about the detailed process through which 

scientists with different areas of expertise connect and integrate their knowledge 

to arrive at a joint view across disciplinary boundaries. 

In this paper, we draw and elaborate on these resources from social epistemology 

when addressing different aspects of interdisciplinarity, but we also combine these 

approaches in new ways in order to carefully carve out how they can work 

together to form an integrated analysis of collaborations between scientists with 

                                                 
2	In	one	of	his	papers,	List	(2005)	does	note	that	“interesting	possibilities	arise”	in	the	case	
where	different	individuals	start	from	different	premises	and	give	their	individual	judgment	
only	on	those	premises,	but	this	is	not	a	situation	that	List	explores	further.	
3	 One	 major	 discussion	 in	 social	 epistemology	 is	 whether	 certain	 kinds	 of	 groups	 can	 be	
understood	as	plural	 subjects	 capable	of	holding	beliefs.	On	a	 traditional	understanding	of	
knowledge	 as	 true,	 justified	 belief,	 this	 has	 extended	 into	 discussions	 of	 collective	
knowledge,	 collective	 acceptance	 and	 collective	 justification	 (Bouvier,	 2004;	 Fagan,	 2010;	
Giere,	2007;	Rolin,	2008;	Seeman,	2007;	Wray,	2001).	To	avoid	 the	controversial	notion	of	
the	belief	of	a	plural	subject,	we	shall	in	this	paper	merely	talk	about	the	views	of	a	group.	
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complementary knowledge.4 Additionally, we apply existing philosophical 

approaches to social scientific findings about the various forms of 

interdisciplinary collaboration and associated challenges. 

We will begin with Hardwig’s account of epistemic dependence and introduce a 

distinction between unilateral and multilateral epistemic dependence. We argue 

that when applied to interdisciplinary collaborations, Hardwig’s analysis of 

epistemic dependence faces two major challenges, one related to the cognitive 

integration of proposition from different fields, and one related to the social 

relations between the involved scientists. Drawing on recent work on contributory 

and interactional expertise, we will describe how cognitive integration and social 

interactions are related, and we compare Hardwig’s account to ideal types of 

interdisciplinary collaboration derived from an empirical study by Rossini and 

Porter. Finally, referring to the work of Gilbert and Bratman we shall discuss the 

different implications that various forms of interdisciplinary collaboration have 

for the epistemic status of the group and its individual members. 

2.	PATTERNS	OF	EPISTEMIC	DEPENDENCE	
Hardwig’s work on epistemic dependence is based on the observation that 

individual scientists’ dependence on other experts pervades any complex field of 

research, both because the process of gathering and analysing data would take too 

long for any individual researcher to accomplish, and because, often, no one 

knows enough to be able to do the work alone (1985; 1988; 1991). Hence, 

Hardwig’s analysis is concerned with an issue of key importance to a philosophy 

of interdisciplinarity, namely that much science builds on collaborations between 

scientists with different areas of expertise who divide the labour. His work argues 

that in such situations epistemic dependence is rational, and analyzes the 

conditions for trust in expert testimony that epistemic dependence implies. The 

basic structure in Hardwig’s argument is that, in a domain for which scientist A 

has limited competence, he or she may appeal to another and more competent 

scientist B in order to ground his or her belief of a given proposition p. In this 

                                                 
4	 It	should	here	be	noted	that	much	scientific	collaboration	within	disciplines	also	 involves	
scientists	with	different	areas	of	expertise.	The	analysis	of	scientific	collaborations	proposed	
here	 can	 therefore	 be	 seen	 as	 applying	 to	 collaborations	 in	 general,	 and	 the	 difference	
between	 disciplinary	 and	 interdisciplinary	 collaborations	 as	 a	 difference	 in	 degree	 rather	
than	a	difference	in	kind.	
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case, A’s belief that p as being based on the testimony from B will be superior to 

belief based on direct, but nontestimonial evidence for p because B’s reasons for 

believing p are epistemically better than any reasons that A could come up with 

alone. However, there is a problem with this approach which is related to A’s 

limited competence. Not only does A not have the reasons necessary to justify p, 

A may not even know or understand what B’s reasons for believing p are and why 

they are good reasons. In that case, A simply has to trust B’s testimony, and to 

rely on B as a testifier. Hence, the situation in such cases is that 1) A knows that B 

says that p, 2) A believes that B is speaking truthfully, 3) A believes that B is in a 

position, first, to know what would be good reasons to believe p and second, to 

have the needed reasons, and 4) A believes that in the case at hand B also actually 

has good reasons for believing p when saying so. Hence, A’s belief relies both on 

the moral character of B, (B’s truthfulness), and on the epistemic character of B 

(B’s competence, conscientiousness and epistemic self-assessment).5 

On the basis of Hardwig’s work, we distinguish between two different patterns of 

epistemic dependence relations: first, the unilateral epistemic dependence 

involved when an individual scientist is dependent on the work of others, for 

example when reading research articles or attending conference presentations 

(section 2.1); and second, the multilateral epistemic dependence when scientists in 

a group are mutually dependent upon each other (section 2.2). We will argue that 

in both cases  the challenge is to understand how knowledge from different fields 

that is distributed among the group members becomes connected and integrated 

(section 2.3 and 3). Furthermore, we argue that this challenge is addressed in 

different ways in different types of collaborations (section 4). 

2.1.	UNILATERAL	EPISTEMIC	DEPENDENCE	
One possible pattern of epistemic dependence consists of the kind of unilateral 

trust relations involved when an individual scientist trusts other scientists as he or 

she draws on their testimony for making new inferences from pieces of 

knowledge that he or she possesses already. This pattern of unilateral trust 

relations clearly applies whenever scientists are in the situation that their work 

rests on the work of others with whom they do not necessarily collaborate. In 

                                                 
5	 Whereas	 scientists’	 moral	 character	 has	 been	 discussed	 intensively	 in	 the	 literature	 on	
scientific	misconduct,	we	shall	here	be	concerned	with	scientists’	epistemic	character.	For	an	
early	link	between	social	epistemology	and	research	ethics,	see	Resnik	(1996).		
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some cases, although the testimony has, as a testimony, been asserted by the 

testifier with the intention to convey a particular piece of information, it may have 

been directed at a broad audience of all scientists interested in this information, 

such as is the case with scholarly papers or at conference talks, and not 

particularly at the individual scientist later drawing on its propositional content for 

further inferences. In such cases the act of testimony may well be directed at a 

specific academic audience, but is detached from its possible later reception by 

particular individual scientists. Scientists write papers and give talks without 

necessarily knowing, whether their results will be used by others, or who may use 

them. 

In academic writing, reference to the published testimony of colleagues is 

indicated by quotation and footnotes. Footnotes in scholarly papers involve the 

author(s) in a relationship of epistemic dependence. Hardwig suggests that often a 

proposition p may be arrived at in the following way:  

A	knows	that	m	
B	knows	that	n	
C	knows	(1)	that	A	knows	that	m,	and	(2)	that	if	m	then	o	
D	knows	(1)	that	B	knows	that	n,	and	(2)	that	C	knows	that	o,	and	(3)	that	if	n	and	o	
then	p	
E	knows	that	D	knows	that	p	(Hardwig,	1985,	p.	348)	

 

In this case, there are several chains of epistemic dependence between the 

individual scientists involved, but they are unilateral in the sense that, for 

example, D is epistemically dependent on B and C – but neither B nor C are 

dependent on D nor is there any epistemic dependence between B and C.  

2.2.	MULTILATERAL	EPISTEMIC	DEPENDENCE	
Another pattern of epistemic dependence consists of the kind of multilateral trust 

relations involved in group collaborations. Multilateral accounts of scientific 

collaboration present a pattern of epistemic dependence in which scientists in a 

group are mutually dependent upon each other and therefore develop multilateral 

relations of trust to each other. This mutual dependence becomes clearer in a later 

article of Hardwig’s where he describes a pattern of epistemic dependence 

different from the one chain-like pattern described above:  

It	is	the	testimony	of	one	scientist	or	mathematician	to	another	that	connects	the	bits	
of	 evidence	gathered	by	different	 researchers	 into	a	unified	whole	 that	 can	 justify	 a	
conclusion.	 By	 accepting	 each	 other’s	 testimony,	 individual	 researchers	 are	 united	
into	 a	 team	 that	 may	 have	 what	 no	 individual	 member	 of	 the	 team	 has:	 sufficient	
evidence	to	justify	their	mutual	conclusion	(Hardwig,	1991,	p.	697).	
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In this case, the researchers are mutually dependent upon each other. If rephrased 

in a way similar to the example of unilateral epistemic dependence, we could, for 

example, have the situation that A knows that m, and that, if m and n, then o, and 

that, if o and q, p. At the same time B knows that n, and that, if m and n, then q, 

and if o and q, then p. In this situation, A and B would be mutually dependent 

upon each other in drawing the conclusion p. To better distinguish this pattern of 

multilateral epistemic dependence from those presented below, we will call 

Hardwig’s account of group research joint integration. Hardwig argues that this 

pattern of epistemic dependence applies to the collaborative efforts that, for 

example, mathematicians undertake in order to establish complex mathematical 

proofs (ibid, p. 695). In cases of mutual epistemic dependence such as this one, 

the conclusion that follows from the various premises that team members have 

individually provided is drawn by the group, not by an individual. This implies 

that multilateral epistemic dependence necessarily requires that the justification 

for the piece of scientific knowledge to be produced collaboratively is distributed 

among the group members.6  

2.3.	CHALLENGES:	COGNITIVE	INTEGRATION	AND	EPISTEMIC	STATUS	
On this analysis, epistemic dependence face two major challenges, one related to  

the proposition m, n, o, and p and how they can be connected and integrated, and 

one related to the social-epistemic relations between the scientists A, B, C, D, and 

E. First, with respect to the cognitive relations, Hardwig’s analysis does not 

address the question of how the propositions m, n, o, and p relate. Given that his 

analysis was developed explicitly to cover the situation when the trusting scientist 

does not understand the testifying scientist’s reasons for holding the testified 

                                                 
6	 We	 follow	 here	 Rolin’s	 (2010)	 account	 of	 group	 justification.	 She	 argues	 that	 group	
justification	differs	from	individual	justification	in	that	it	involves	not	only	reasoning	but	also	
a	 mechanism	 for	 combining	 the	 group	 members’	 individual	 views	 into	 a	 collective	 view	
endorsed	by	the	group	as	a	whole.	Through	this	mechanism	it	is	defined	which	members	of	
the	group	have	a	say	when	it	comes	to	the	premises	of	the	group’s	view	and	to	the	way	their	
individual	 views	 are	 aggregated.	 Depending	 on	 the	 pattern	 of	 interaction	 among	 group	
members	 (see	 section	 4),	 and	 thus	 depending	 on	 the	 structure	 of	 epistemic	 dependence	
among	them,	we	can	discern	different	ways	in	which	the	justification	can	be	distributed.	As	
long	 as	 some	 form	 of	 epistemic	 dependence	 relevant	 to	 the	 piece	 of	 knowledge	 jointly	
created	is	present	in	the	group,	the	justification	will	be	distributed	in	the	sense	that	elements	
of	 that	 justification,	 i.e.	 evidence	 and	 reasoning,	 will	 be	 contributed	 by	 different	 group	
members.	 To	 what	 extent	 group	members	 can	 ‘appropriate’	 the	 components	 others	 have	
contributed	 through	 learning	 or	 reconstruction,	 for	 example,	 will	 vary.	 Also,	 it	 will	 differ	
from	group	to	group	whether	a	justification	as	such	will	be	shared	or	not.	
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proposition or why they are good reasons, it is far from trivial whether, in the 

pattern above, scientist D is actually capable of combining n and o to draw the 

inference p. Hardwig’s notation here hides the fact that in actual scientific 

research, usually quite a lot of knowledge about the scientific claim that n and 

about the scientific claim that o will be necessary in order to combine them as 

premises leading to the conclusion that p. Hardwig’s model is plausible for the 

aggregation of simple propositions like 1) A knows that “it rains”, 2) B knows 

that “the laundry is hanging outside” and 3) C knows that “if it rains and the 

laundry is hanging outside, then it gets wet”. However, his model is definitely less 

plausible for aggregations such as 1) cytologist A knows that “the darkly staining 

bodies within the nuclei of cells which are called chromosomes are the likely 

location of the hereditary material in germ cells” and 2) geneticist B knows that 

“there are patterns of inheritance and that there is an entity called a gene that is 

causally responsible for these patterns”, 3) a scientist C concludes from the 

testimony of A and B that “the chromosomes are the physical location of the 

genes” unless C has quite an elaborate understanding of both cytology and 

genetics.7 Hence, although Hardwig’s scheme for chains of epistemic dependence 

relations was developed for explaining the case of scientists with complementary 

knowledge, at the same time this poses a fundamental challenge to his account: 

How can this complementary knowledge actually be combined?8 The issue of 

cognitive integration will be addressed briefly in section 3 below.  

Second, Hardwig himself formulates a challenge concerning epistemic status and 

the relation between group and individuals. Hardwig wonders: Suppose the 

integration of testimony m, n and o is the only way to know p, and suppose that no 

one who knows p knows m, n and o: Who, in this situation, is actually the 

epistemic subject that knows p? Is it the individual E or D, placed at the end of the 

chain? In this case, they will know p without possessing the evidence for the truth 

of the proposition p. Or is it the case that it is the community composed of A, B, 

C, D and E that constitutes the knowing subject? According to Hardwig, it is the 

                                                 
7	For	further	details	on	this	particular	example,	see	Darden	and	Maull	(1977).	
8	 It	 should	be	noted	 that	 this	problem	of	 the	cognitive	 integration	of	 claims	 from	different	
disciplines	is	not	a	problem	that	is	specific	to	social	epistemology.	The	same	problem	would	
hold	 if	 an	 individual	 trained	 in	 multiple	 disciplines	 attempts	 to	 combine	 complementary	
knowledge	from	different	disciplines.	Whether	the	integration	is	performed	by	a	group	or	by	
an	individual	differs	primarily	with	respect	to	the	degree	of	epistemic	dependence	involved.	
However,	 this	 paper	 is	 concerned	 with	 the	 analysis	 of	 interdisciplinary	 groups,	 not	 of	
individuals	who	are	trained	in	a	variety	of	disciplines.	
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latter. It is the group that constitutes the knowing subject. This solution retains  

“the idea that the knower must understand and have evidence for the truth of what 

he knows” (Hardwig, 1985, p. 349). However, this also implies that we have to 

“deny that the knower is always an individual or even a class of individuals” 

(ibid).9    

These questions concerning the epistemic status of the group in relation to its 

individual members are more pressing in cases of multilateral dependence where 

the individual contributions of group members are integrated through many 

crisscrossing relations. We shall return to the issues of interaction between 

individuals and groups and their epistemic status in section 4 below after our 

discussion of cognitive integration.  

3.	COGNITIVE	INTEGRATION	
Scholars from science studies and from the social sciences have for a long time 

argued both from participant observation and from historical and contemporary 

case studies that a minimum requirement for successful interdisciplinarity is that 

the participants learn basic observational categories and key meanings from 

collaborators with different backgrounds (e.g. Petrie, 1976). Phrased in a slightly 

different vocabulary, interdisciplinary partnership in a “trading zone” (Galison, 

1996) requires interactional expertise, i.e. enough expertise in the areas of the 

collaborators to be able to communicate. In contrast to interactional expertise, 

contributory expertise requires substantial expert knowledge. Contributory 

expertise enables scientists to make independent contributions to these other 

disciplinary fields by performing experiments or developing theory (Collins & 

Evans, 2002; Collins, Evans, & Gorman, 2006; Evans & Collins, 2010). Further, 

Collins and his collaborators have argued that while interactional expertise can be 

acquired from communication alone, contributory expertise requires full-scale 

physical immersion in a culture, hence, from this perspective tacit knowledge and 

experimental skills are part of contributory expertise. For interdisciplinary groups 

in which group members come from different disciplines, all group members will 

                                                 
9	We	here	face	the	choice	between,	as	Kusch	phrases	it,	“relaxed	individualism”	(E	or	D	being	
the	 knowing	 subject	 without	 immediate	 possession	 of	 evidence	 for	 p)	 and	
“communitarianism”	 (the	 group	 being	 the	 knowing	 subject	 in	 possession	 of	 the	 relevant	
evidence),	see	Kusch	(2002),	p.	50.	
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have contributory expertise in their own field, whereas interactional expertise can 

be distributed in different ways in the group.  

As described in a review by Gorman (2008), methods for studying trading zones 

and interactional expertise still need to be developed. However, existing case 

studies indicate that mutual learning is important for developing interactional 

expertise. 10 Cognitive psychologists studying knowledge diversity in 

multidisciplinary teams reach similar findings. For example, Paletz and Schunn 

(2010) have advanced a social-cognitive framework of multidisciplinary team 

innovation that describes how such groups through an information sharing process 

develop shared mental models that enable joint reasoning. Importantly, these 

mental models can be more or less shared such that, for example, only some but 

not all aspects of a model are shared, or only some but not all of the involved 

models are shared. Similarly, Nersessian and her collaborators have introduced 

the multidimensional notion of interlocking models to describe how models in 

interdisciplinary research interlock among many dimensions, including concepts, 

methods and materials, experimental design and model based inference 

(Nersessian & Patton 2009). Further, Andersen (2010) showed how an 

interdisciplinary group of scientists can develop a partially shared (or, adopting 

Nersessian’s terminology, interlocking) conceptual structure where individual 

substructures related to specific (sub)disciplines are at the same time distributed 

among group members with different areas of expertise.  

While a full treatment of the process of cognitive integration lies outside the scope 

of this paper, it can be seen how complementary knowledge can be combined and 

integrated through interlocking models and concepts. In the short example above 

on chromosomes and genes scientist A (who knows that “the darkly staining 

bodies within the nuclei of cells which are called chromosomes are the likely 

location of the hereditary material in germ cells”) is hypothesizing a function for 

an observed entity while scientist B (who knows that “there are patterns of 

inheritance and that there is an entity called a gene that is causally responsible for 

these patterns”) is hypothesizing an entity to account for an observed function. 

Scientist C comes to know that “the chromosomes are the physical location of the 

                                                 
10	For	such	studies,	see	for	example	Gorman	(2010)	and	the	special	issue	of	Studies	in	History	
and	Philosophy	of	Science	38(4)	on	studies	of	expertise	and	experience.	
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genes” by interlocking the observed chromosomes with the hypothesized entity 

responsible for the observed hereditary patters.  

4.	PATTERNS	OF	DEPENDENCE	AND	GROUP	INTERACTION	
Cognitive integration in the form of interlocking models and concepts possessed 

by different group members depends on the interaction among these group 

members. To examine such interactions between the involved scientists, we shall 

compare the two patterns of epistemic dependence described above to four ideal 

types of socio-cognitive frameworks of interdisciplinary research that have been 

described by Porter and collaborators on the basis of empirical case studies 

(Rossini & Porter, 1979; Porter, Roessner, Cohen, & Perreault, 2006). Based on 

observations of interdisciplinary technology assessment, Rossini and Porter have 

developed four ‘socio-cognitive frameworks’ to describe research which involves 

experts from different disciplinary backgrounds. According to Rossini and Porter, 

interdisciplinary research can be characterized as a ‘tapestry’ where “[…] each 

disciplinary analysis serves as a substantive, not a heuristic, input into every other 

disciplinary analysis” in the absence of a single overarching theory (Rossini & 

Porter, 1979, p. 72). They argue that interdisciplinary interaction among experts 

can be aptly described by four ideal types:  “integration by leader”, “common 

group learning”, “negotiation among experts” and “modeling”.  

In the “integration by leader” framework an individual scientist takes the role of a 

central integrator who connects and integrates the findings that collaborators 

contribute and acquires composite knowledge. In this respect, this framework is 

similar to the relation of unilateral epistemic dependence described in section 2.1.  

However, as we noted above, in actual scientific research it often requires 

substantial knowledge from different fields to combine results from different 

disciplines. In fact, Rossini and Porter (1979) note that the weakness of the 

integration by leader framework lies in the demands it places on the integrator. 

Since individual scientists rarely grasp the details of highly specialized research in 

several fields, this framework, if endorsed by an interdisciplinary group of 

experts, is limited in the breadth and depth of the research it can cover.  

But it is also important here that while Rossini and Porter in their description of 

“integration by leader” type framework assume a pairwise interaction between the 

integrator and the other scientists whose results form part of the integration, the 
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pattern of multiple chains of unilateral epistemic dependence relations described 

in section 2.1 does not necessarily include such interaction (see figure 1). Thus, 

while Rossini and Porter stress that the integrator interacts individually with each 

member of the team to understand and assimilate that member’s contribution, 

Hardwig’s account can be read as assuming a unilateral relation in which the 

integrator simply receives and trusts the testimony from other researchers. This 

difference is plausible as long as we look at the relation between scientists who 

are not directly collaborating, although even here one may note that in actual 

scientific practice, testimony may often be assessed dynamically in an interaction 

between the testifying scientist and the recipient of the testimony. 

 
Figure 1: Unilateral epistemic dependence. To the left an illustration of Rossini and Porter’s 
’integration by leader’ framework for integrating interdisciplinary research, adapted from Rossini 
and Porter  (1979, p. 74). Right: an illustration of multiple chains of unilateral epistemic 
dependence. Rossini and Porter assume a purely pairwise interaction between the integrator I and 
the contributing scientists A, B, C, and D (the pairwise interaction illustrated by double-headed 
arrows) that may include both unilateral and bilateral dependence between the integrator I and 
each of the contributing scientists. Unilateral epistemic dependence assumes only the 
unidirectional action of testimony from the testifying scientists to the recipient of the testimonial 
content (the unidirectional epistemic dependence relation illustrated by single-headed arrows). 
However, in both scenarios the cognitive integration and the ultimate epistemic product lie in the 
hands of the integrator (I or D respectively). 
The other three types of interdisciplinary group interaction proposed by Rossini 

and Porter describe cases where epistemic integration work is distributed across 

team members instead of being carried out by one central figure. In “common 

group learning”, group members with different areas of expertise interact until all 

of them have reached a high level of competence in all areas concerning the issue 

in question. Group learning is a process at the end of which all relevant 

knowledge can be seen as common knowledge in the group, i.e. “the research 
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output reflects the common intellectual property of the entire research group” 

(Rossini & Porter, 1979, p. 73). However, at the same time it should be noted that 

in so far as the individual group members have all acquired the same knowledge, 

they will all individually be capable of drawing the same inferences from this 

knowledge. Hence, Rossini and Porter note that the common group learning 

framework faces the same challenge as the integration by leader type framework 

for integrating interdisciplinary research, namely that it will often be too 

demanding for the individual group member to master several fields in detail and 

that it will therefore often lead to a decrease in depth. 

In contrast to the two previous frameworks, “negotiation among experts” 

distributes labor according to expertise, and integration takes place later through a 

process of negotiation in which initial analyses may be redone to reflect findings 

of other expert analyses.11 Rossini and Porter emphasize that in negotiation among 

experts the connection and integration of the experts’ individual contributions is 

an iterative process which can lead to better informed and interrelated analyses 

and they describe the result of such group processes as a set of distinguishable, 

but integrated expert analyses (ibid, p. 76). However, Rossini and Porter remain 

vague on the question of whether the epistemic subject in this case is a collective 

one (i.e. the group as such) or whether it is individuals in interrelation.  

In addition, Rossini and Porter propose a framework which they label “modeling”. 

The construction of a model may not involve the group of collaborators as a 

whole. Models may be created by a subset of collaborators or be imported from 

outside. Once a first tentative model is established, experts will ‘feed’ the model 

with data from various sources. Models can integrate a range of data from rather 

different expert sources. The task at hand is to combine different kinds of data in a 

coherent way. Later, the model can be used by different experts. In short, in 

modeling experts from different fields may enter the process of knowledge 

creation in succeeding stages, and thus collaborate in a diachronic manner. In 

contrast to the types of collaboration mentioned above, in the case of modeling, 

the interaction between experts is strongly mediated by the research object under 

construction, i.e. by the very model to be built and applied. Therefore, Rossini and 

Porter argue that the model functions as repository of knowledge (ibid, p. 74). In 

                                                 
11	Rossini	and	Porter	describe	this	as	a	pairwise	interaction	(p.	74),	however,	there	seems	to	
be	no	reason	why	the	 interaction	should	be	restricted	to	dual	relations	and	 in	 figure	2	 the	
negotiation	among	expert	frameworks	has	been	modified	to	reflect	this.	
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this paper, we will not elaborate on the possible function of external knowledge 

repositories for collaborative research.  

	

Figure	 2:	 Multilateral	 epistemic	 dependence.	 The	 pattern	 on	 the	 left	 illustrates	 the	
common	group	learning	framework.	In	the	middle	is	an	illustration	of	the	negotiation	among	
experts	 framework	 (both	adapted	 from	Rossini	 and	Porter	1979).	The	pattern	on	 the	 right	
illustrates	 joint	 integration,	 as	 described	 by	 Hardwig.	 	 For	 common	 group	 learning	 it	 is	
assumed	that	scientists	A,	B,	C	and	D	all	have	required	broad	expertise	after	intensive	group	
interaction,	and	that	all	knowledge	therefore	can	be	seen	as	common	group	knowledge,	here	
illustrated	by	the	propositions	m,	n,	o	that	the	participants	have	learned	from	each	other.	P	is	
here	the	conclusion	that	they	can	all	individually	draw	from	these	premises.	From	Rossini	&	
Porter’s	 account	 it	 is	 unclear	 to	 what	 extent	 the	 conclusion	 p	 has	 to	 be	 understood	 as	 a	
finding	 that	 is	 irreducibly	 collective,	 or	whether	 it	 would	 be	more	 adequate	 to	 view	 p	 as	
knowledge	 that	 individuals	 have.	 In	 the	 case	 of	 joint	 integration,	 by	 contrast,	 expertise	 is	
distributed	so	that	only	individual	experts	are	fully	capable	of	justifying	the	propositions	m,	
n,	 and	 o	 while	 the	 conclusion	 p	 can	 only	 be	 drawn	 jointly	 by	 the	 group.	 The	 negotiation	
among	 experts	 framework	 primarily	 describes	 an	 iterative	 improvement	 of	 the	 analyses	
behind	the	propositions	m,	n	and	o,	while	revealing	little	about	the	production	and	the	status	
of	the	conclusion	p.	It	is	left	unclear	by	Rossini	&	Porter	who	actually	draws	and	defends	the	
conclusion	that	p.		

We see important differences between the different patterns of interaction. 

Whereas in common group learning  “in the end [of the process of interaction] 

there are no experts in any particular part of the research” (Rossini & Porter, 

1979, p. 73) (or, rather, all are experts to an equal degree), in negotiation between 

experts expertise remains distributed. The network of multilateral epistemic 

dependence inspired by Hardwig’s account is also of this type. The differences 

between the patterns have some important consequences. Groups consisting of 

members with (eventually) identical knowledge and groups consisting of 

scientists with diverging knowledge in different areas of expertise call for 

different processes of interaction when combining and integrating their individual 

contributions to the joint result. In the next section, we will, thus, examine the 
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interplay between individual and group when integrating knowledge in groups of 

scientists with complementary knowledge. 

5.	THE	EPISTEMIC	STATUS	OF	INDIVIDUALS	AND	GROUP	
How groups can come to accept a certain view as a collective view of the group 

has been a topic of intense discussion in social epistemology. Most of these 

discussions have focused on groups whose members have knowledge within the 

same area(s) but may hold conflicting views. The question discussed in this 

research is how such groups can collectivize reason to achieve a collective 

judgment made by the group (Pettit, 2003; Goldman, 2004; List, 2005; Fallis, 

2005; Rolin, 2010). However, we will focus here on a different situation, namely 

on groups whose members have knowledge within different areas; knowledge that 

is thus complementary rather than conflicting.  Obviously, in such cases expertise 

can be more or less distributed, and there can be more or less interaction between 

group members. For the purpose of illustration, we shall focus on common group 

learning and negotiation among experts, and we shall start by analyzing the end 

points of a continuum demarcated by extreme forms of common group learning 

and negotiation among experts, respectively.  

The common group learning framework assumes iterations of a revision 

procedure for all individual parts until the group decides that a project is 

completed (cf. Rossini & Porter, 1979, p. 73). In its extreme form, this elaborate, 

iterative process of interaction leads to the group members eventually all having 

the same non-conflicting knowledge within the same areas. In this case, the view 

of the group will be identical to the view of each of its members and there is no 

special role assigned to the group as the subject of a collective judgment. For the 

negotiation among experts framework, where expertise remains distributed, group 

members would, again in its extreme form, hold views within their own area of 

expertise only. Outside of this area they would be epistemically dependent on 

their collaborators. If expertise is fully distributed so that certain propositions that 

serve as necessary premises are known only by individual group members, only 

the group as a whole can reach the final conclusion.  

These extreme scenarios rarely appear in actual scientific activity. Radical 

common group learning is too time-consuming and intellectually too demanding. 

Recalling the distinction between interactional and contributory expertise, we can 
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say that achieving contributory expertise for all group members would require full 

scientific training in all relevant areas. At the other end of the spectrum, 

negotiations among overly conservative experts who strictly stick to their distinct 

fields of expertise would not be conducive to genuine collaboration as there will 

be little support for cognitive integration. In actual scientific practice, mixed 

forms may be dominant where scientists in some areas learn from each other and 

in others remain epistemically dependent. However, the extreme forms of 

common group learning on the one hand and negotiation among experts on the 

other bring essential dimensions of epistemic collaboration as ideal types to our 

attention. Moreover, the apparent differences between these two forms of 

interdisciplinary collaboration suggest that there is no easy, one-sided answer to 

the question raised by Hardwig which we mentioned above (see section 2.3): Who 

is the knowing subject, individual group members or the group as a whole?  In our 

view, this question requires a refined analysis of group processes and the role 

individual group members play therein. We will therefore turn our attention to 

accounts of group belief which will enable us to examine in what respects these 

accounts prove helpful in the understanding of collaborative knowledge 

production.  

One of the currently popular approaches to the analysis of scientific groups is 

inspired by Margaret Gilbert’s work on group belief (Gilbert, 1987, 2000). 

According to her analyses, members of a group G 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 p 

together with the other members of the group .12 This commitment is conditional 

in the sense that it is binding only when everyone has expressed the willingness to 

commit,. In other words, all collaborators are bound simultaneously and 

interdependently (cf. Gilbert 1990). In contrast to a summative understanding 

according to which the group view is nothing over and above the group members’ 

views, this provides a collective, or non-summative understanding of group views 

that cannot be reduced to the sum of the individual views of all group members. 

Instead, it involves something more, namely a joint commitment which 

                                                 
12	Gilbert	adds	to	this	analysis	the	further	step	that	a	group	G	believes	that	p	if	and	only	if	the	
members	of	the	group	jointly	accept	that	p.	However,	due	to	the	controversial	status	of	the	
idea	 of	 plural	 subjects	 having	 beliefs,	 several	 scholars	 have	 instead	 settled	 for	 the	 less	
controversial	notion	of	joint	acceptance	by	a	group.	This	is	the	strategy	we	follow	here.	
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fundamentally distinguishes summative from non-summative group views. From 

a summative perspective, the view of a group G would mean that all or most of 

G’s members hold this view, while from a non-summative standpoint it is not 

required that most of G’s members hold the view.13 Consequently, one of the 

important features of this account of group views is that, contrary to a summative 

account, this view could explain scenarios in which the group members were 

personally inclined to disagree but nevertheless decided to let a certain view stand 

as the collective view of the group.  

An important implication of a commitment jointly to accept some claim 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). This way, the joint acceptance constrains the 

possibility for group members to change their view or in other ways deny that p. If 

they turn against the collectively accepted propositions, they violate obligations to 

the others. The other team members may therefore 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).  

Gilbert’s original account of the formation of joint acceptance of a claim p was 

based on analyses of everyday situations such as a poetry reading group or a 

library committee, but Gilbert as well as several philosophers of science have 

claimed that basically the same formation of joint acceptance takes place in 

research groups (see especially Gilbert, 2000). The concept of non-summative 

group views, sustained by joint commitment, lends itself to the study of 

interdisciplinary groups. It has been applied in several studies to research teams 

featuring multilateral dependence where single group members individually do 

not possess the necessary evidence for conclusion p – but are willing to subscribe 

to p as part of a group. For example, Wray (2007) argued that groups bound 

together by functional dependence may adopt views that are irreducibly the 

group’s view by drawing conclusion from their data that differ from the 

conclusions that each individual member of the group would be inclined to draw. 

Likewise, Rolin (2008) argued that groups whose members share the aim of 

                                                 
13	In	principle,	it	may	even	be	the	case	that	none	of	the	group’s	members	as	individuals	hold	
the	view,	although	the	group	as	group	holds	this	view.	However,	we	do	not	adopt	this	radical	
interpretation	here.	
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epistemic responsibility may be motivated to accept views jointly because that 

enables them to distribute commitments to defend background assumptions 

among the group members. Finally, Andersen (2010) argued that joint 

commitment is an important ingredient when interdisciplinary groups make 

changes to a partially shared conceptual structure. 

However, Gilbert’s account is based on analyses of everyday situations like a 

poetry group reaching a joint acceptance of a particular interpretation of a poem, 

but it is far from obvious that the processes that take place in an interdisciplinary 

research group can be described in the same way. Especially, for groups with 

multilateral epistemic dependence, the importance of participants’ special 

expertise and their inclination to defer to contributory expertise call for a more 

detailed analysis of how joint commitments are formed and changed. For the 

analysis of collaborative research, we need a more fine-grained and differentiated 

understanding of the role individuals and their knowledge play in group 

interaction.  

An alternative to Gilbert’s account has recently been suggested by Fagan (2009; 

2010) who argued for an interactive account of knowledge in groups in which the 

view of the group is reducible to the group members’ views in interaction with 

each other. Interactive beliefs are here the epistemic counterpart to shared or 

interlocking intensions in Bratman’s account of shared cooperative activity 

(Bratman 1992, 1999, 2009). Bratman argues that when a group performs an 

activity, each group members’ individual intention interlocks with other group 

members’ intentions  to carry out the activity in question. Individual intentions 

may well be different from each other, but they relate to each other in such a way 

that all group members jointly carry out the activity whereby they perceive each 

other as intentional co-participants. Further, the shared cooperative activity will be 

carried out by way of co-realizable subplans of action that reflect the division of 

labor within the group, ensuring a coherent interweaving of the group members’ 

interlocking intentions. Finally, the shared cooperative activity implies a mutual 

responsiveness so that group members are disposed to help each other where 

needed in order to carry out the activity. In what follows, we will pursue the 

direction pointed out by Fagan and use Bratman’s notion of shared cooperative 

activity to better characterize the processes underlying collaborative knowledge 

creation.  
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Let us assume that a group of collaborating scientists performs a shared 

cooperative activity of delivering new and interesting results within an 

interdisciplinary field. In this activity they each intend to establish some new 

result p. P cannot be fully derived or justified by any of the scientists alone, but 

only by drawing on knowledge from each of the collaborators’ individual areas of 

expertise, and by integrating it in shared mental models or conceptual structures. 

Hence, the group members are mutually dependent on each other in establishing 

this new result. They need to have meshing subplans for collecting and integrating 

all the necessary pieces of knowledge, and in the iterative process of this step-by-

step collection and integration of pieces of knowledge they need to be mutually 

responsive in tracking the status of the joint activity until they finally achieve a 

new result.  

In contrast to Gilbert’s account of collective group belief, this account focuses on 

the many iterative steps taken by collaborators in the scientific process. This 

allows us to study the process of collaborative research instead of focusing on 

commitments to the outcome. Hence, it offers a much more fine-grained analysis 

of the process through which new results are formed, and it sheds light on the 

question of how the individuals and the group interact in the process.  

But at the same time, this new account also highlights the presence of certain 

constraints on group members that have been one of the main reasons for 

philosophers of science to adopt Gilbert’s account. According to Gilbert, a joint 

commitment to accept an irreducibly collective view acts as a constraint on the 

possibility for group members to change their view. In our account, too, the 

shared intention to establish a new and interesting claim with a justification 

distributed within the group acts as a constraint. But this constraint is a broader 

constraint. It is a constraint on the possibility for group members to change their 

views in a way that would endanger the distributed justification of the claim. This 

means that for any testimony that forms part of the distributed justification of the 

new claim p, the testifying scientist cannot change his or her mind later on 

without telling the other scientists who rely on the original testimony. Hence, 

without subscribing to a non-reductive account of group views a la Gilbert, we 

argue that it is still possible to retain the implication that there is a constraint on 

the possibility for individual group members to change their view (cf. Andersen 

2010).  
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6.	SUMMARY	AND	CONCLUSION	
Interdisciplinary research is a complex phenomenon. It involves epistemic 

dependence between researchers with different areas of expertise, it involves the 

combination of complementary contributions from different researchers through 

shared mental models and conceptual structures, and it involves shared 

cooperative activity with interlocking intentions, meshing subplans and mutual 

responsiveness.   

The typology offered by Rossini and Porter gives an empirically well-founded 

description of the diversity of possible patterns of group collaboration.. Let us 

revisit here the types of interdisciplinary group collaboration which we 

constructed based on the work of Hardwig and of Rossini and Porter, focusing on 

the interplay between cognitive integration and shared activities in the group. 

Integration by leader (unilateral and bilateral epistemic dependence): Here, the 

group leader alone possesses the full expertise necessary to connect and integrate 

all individual contributions. Hence, the group leader needs to have at least 

interactional expertise in all areas covered by the group. In contrast to the leader, 

individual contributors only need contributory expertise in their own field and 

some interactional expertise to interact with the leader. They do not need mutual 

interactional expertise to interact with each other. Further, since it is primarily the 

task of the group leader to connect and integrate single contributions, the extent to 

which contributors have to display interlocking intentions and meshing subplans 

among each other is limited. Instead, the intentions of the individual contributor 

only need to interlock with the group leader, and this relation will be the basis for 

a commitment to the contributor’s individual contribution, but not necessarily to 

the final integration of all contributions performed by the group leader.  

Common group learning (multilateral epistemic dependence): This framework is a 

prime case of a shared cooperative activity with interlocking intensions, meshing 

subplans and mutual responsiveness – at least in the first phase of collaboration 

when group members depend on each other in order to learn from each other. 

However, in the course of the mutual learning processes the group members will, 

ideally, come to  share the same mental models and concepts. In principle, this 

might eventually dissolve the need for a shared cooperative activity as the mutual 

dependence is mitigated by common learning.  
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Negotiation among experts (multilateral epistemic dependence): In this case, the 

collaborators involved have contributory expertise in their own field and little 

overlap between these fields of expertise. Negotiating experts share the intention 

to produce an ‘interrelated’ analysis. Since individual contributions are coupled to 

each other, but not truly integrated, individual experts are less constrained when it 

comes to possible modifications or even retractions of their contribution. There is 

no genuinely shared analysis to which they are all committed, but they do share 

the intention to relate their respective analyses.  

Joint integration (multilateral epistemic dependence): Joint integration is a prime 

case for shared cooperative activities with interlocking intentions, meshing 

subplans and mutual responsiveness - and remains so throughout the cooperation. 

Group members all need both contributory expertise in their own field and 

substantial interactional expertise in the fields of their collaborators. The shared 

intention to produce a joint result strongly constrains individual contributors. 

They subscribe to the joint claim and they are not free to modify or retract their 

individual contribution without informing the other team members.  

For all of these forms of interdisciplinary collaboration, cognitive integration is an 

issue. How and to what extent cognitive integration can be achieved and by whom 

it will be achieved, depends crucially on the kind of group collaboration. Who is, 

as Hardwig wonders, the knowing subject of interdisciplinary teamwork in the 

end? There is no general answer to this question. Any answer will have to involve 

a careful analysis of the collaboration. So far, the discussion on epistemic 

dependence and group belief has been marked by an opposition of rather 

individualist accounts such as Hardwig’s, and non-reductive accounts that 

emphasize the group as a whole such as Gilbert’s. This opposition suggests that 

collaborative knowledge creation is best understood either in terms of a collective 

epistemic subject or in terms of individuals as epistemic subjects in interaction. 

This opposition, however, hides the fact that knowledge resulting from 

interdisciplinary collaboration builds to varying degrees on shared mental models 

and conceptual structures and is therefore possessed to varying degrees by 

individual group members and the group as a whole.  
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