Chapter 2
Composition and Performance of Research
Training Groups

Birgit Pferdmenges, Kerstin Pull, and Uschi Backes-Gellner

2.1 Introduction

In the early 1990s, a new, more competitive oriented form of governance for
PhD education in Germany was established: the so-called Graduiertenkollegs
(Research Training Groups — RTGs). RTGs were introduced by the German
Research Foundation (Deutsche Forschungsgemeinschaft) as a major intermediary
in the governance of research in Germany. They are run by a group of cooperating
researchers and include a study programme covering a set of doctoral and postdoc-
toral projects. The study programme is compulsory for the RTG students and is held
to provide them with methodological skills and specialised knowledge in a particu-
lar field of research. The German Research Foundation grants fellowships to the
RTG students as well as funds for travel expenses and equipment. Until March
2003, a grant consisted of an initial funding for a period of three years that could be
renewed twice; since April 2003, a grant has consisted of a funding for 4.5 years,
and this period can only be renewed once. At present, about 240 Research Training
Groups are funded by the German Research Foundation (see DFG 2010; Unger
et al. 2010).

Among the most prominent governance mechanisms used to steer the RTGs is
the explicit call for interdisciplinarity and internationality by the German Research
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Foundation (see DFG 2008). While apparently hoping for positive effects of
interdisciplinarity and internationality (with the call for interdisiplinarity being
closely linked to the discussion on the increasing relevance of mode 2 research; see
e.g. Jansen et al. and Laredo in this volume), surprisingly little is known on the
outcomes of this kind of input-oriented external governance pushing in the direction
of more interdisciplinarity and internationality which is further being promoted by
an increasingly competitive model of PhD education (cf. Bonaccorsi in this volume)
fostered by the introduction of RTGs: Will more interdisciplinarity and internation-
ality among RTG students in fact increase RTG performance or not? In what follows
we will shortly review the literature and then present first empirical evidence on the
question.

2.2 State of Research

The impact of RTG composition on RTG performance has not been analysed as yet.
In the light of the fact that the scientific environment proves to be increasingly
important for knowledge production (see Carayol and Matt 2004; Stephan 1996),
this would indeed seem surprising. The trend towards more collaboration in
scientific work manifests itself — among others — in a well-documented increase
in co-publications (see e.g. Rigby and Edler 2005: 785; Adams et al. 2005) and in
authors increasingly acknowledging the help of others in their own work (Giles and
Councill 2004: 17603 £.). Hence, we regard RTGs as shaping the relevant or at least
one relevant scientific environment for RTG students, and in what follows refer to
the general literature on (research) team composition and performance even though
the performance of an RTG (as measured by the doctoral completion rate and by the
scientific visibility of its students, see below) might not in general be regarded as
being the outcome of a true team production process.

As far as studies on the relationship between research team composition and
team performance are concerned, these are also few and far between and, moreover,
they lead to contradictory results. E.g. Porac et al. (2004) study research coopera-
tions on the analysis of ecosystems on the one hand and cooperations in the field of
astrophysics on the other. While for the former, they detect a positive effect of inter-
disciplinarity on research output, for the latter they identify a negative one. The
latter result is in line with the work by Jansen (2007) highlighting the potential
problems of interdisciplinary research. Hollingsworth (2002), however, presents
empirical evidence for a hump-shaped relationship between interdisciplinarity of
research groups and their innovativeness. In light of the inconsistency of empirical
findings, Porac et al. (2004: 675) conclude that “much more research is necessary”
concerning research cooperations and alliances in order to better understand the
relationship between research team configurations and performance (see Bell and
Kravitz 2008: 301 for a similar claim).

Furthermore, what is true for research teams in particular is also true for the
general question of team composition on team performance — in spite of a vast and
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growing body of literature. Accordingly, Harrison and Klein (2007: 1199) conclude
their recent review on the subject, stating that findings on the relationship between
team composition and team performance have been “weak, inconsistent or both”.

From a theoretical perspective, these mixed empirical findings may be the result
of two countervailing effects: (i) On the one hand and highlighted by the so-called
resource perspective (see, e.g. Gruenfeld et al. 1996; Hambrick and Mason 1984;
Jackson 1992; Thomas 1999), team heterogeneity may indeed have positive effects
on team performance if team members possess distinct knowledge bases or abilities
that are relevant for the production process. (ii) On the other hand, however, team
heterogeneity may also negatively affect team performance because the communi-
cation between team members is endangered, conflicts arise and the group cohesion
is reduced (so-called process perspective, see, e.g. Byrne 1971; McPherson et al.
2001; Pelled et al. 1999; Tajfel 1974, 1981; Turner 1975, 1987).

While the net effect of team composition on team performance hence remains
unclear from a theoretical as well as from an empirical perspective, we hypothesise
that it will (a) depend on the type of team heterogeneity (interdisciplinarity, inter-
nationality) and (b) on the disciplinary field (humanities and social sciences vs.
natural and life sciences). While the latter hypothesis is motivated by our earlier
study on the RTG performance in these two different disciplinary fields (see Unger
et al. 2010), the former is based on an extensive body of literature concerning the
potentially differing effects of functional as opposed to demographic heterogene-
ity: While internationality as a form of demographic heterogeneity is regularly
argued to have a negative net impact on team performance, resulting from enhanced
communication problems, the potential for conflicts and reduced group cohesion
(see, e.g. Jehn et al. 1999; Pelled et al. 1999; Smith et al. 1994), the interdisciplin-
arity being part of the so-called functional heterogeneity is typically regarded as
being net performance-enhancing at least as long as it is related to the team task.
Moreover, functional heterogeneity is less likely to be linked to identity than
demographic characteristics are and consequently less likely to cause social cate-
gorisation (see, e.g. Ancona and Caldwell 1992; Jehn et al. 1999; Pelled et al. 1999).
Both theoretical claims, namely the potentially net performance-enhancing effect
of functional heterogeneity as well as the potentially net performance-reducing
effect of demographic heterogeneity are mirrored well in empirical studies (see,
e.g. Hagedoorn et al. 2000; Cannella et al. 2008 for the former and Thomas et al.
1996 for the latter).

2.3 Data and Measures

Our empirical analysis is based on a data set of 86 RTGs funded by the German
Research Foundation (DFG). It comprises all Research Training Groups from the
humanities and social sciences and the natural and life sciences who are in their
second funding period and who submitted an application for a third funding period
to the German Research Foundation between October 2004 and October 2006 (see
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Unger et al. 2010 for the details). 28 of the 86 RTGs in our data set belong to the
humanities and social sciences, 58 RTGs belong to the natural and life sciences.

(a) Dependent Variables: RTG Performance

The performance of the Research Training Groups is measured by their scien-
tific visibility (number of publications) and by the doctoral completion rate.
Both are measured per funding year in order to control for varying RTG sizes
and for varying degrees of student fluctuation among RTGs. While the doctoral
completion rate is an obvious measure of the RTG performance, a measure of
the scientific visibility is added in order to account for the fact that RTG stu-
dents were established to train the next generation of researchers who should
hence be introduced to the process of scholarly publication. When collecting
the data, we counted all kinds of publications of RTG students: monographs,
editorships, journal articles, book sections in edited books, conference proceed-
ings, discussion papers, published abstracts, and reviews. We adjusted the pub-
lications according to the number of authors and allocated a fraction of 1/n to
each author (see, e.g. Egghe et al. 2000: 146).! We decided to use all publica-
tions instead of just counting journal articles as an indicator for research perfor-
mance for the following reasons: Firstly, the indicator “total publications”
proves to be a good predictor of the German Research Foundation’s decision to
approve the application for a third funding period. As the decision to either
approve or reject an RTG’s application is based on the well-founded judgement
of experts in the respective field, we are confident that the indicator “total pub-
lication” measures RTG performance. Secondly, by not only including journal
articles we account for differing modes of publication (in the natural and life
sciences, journals are the predominantly used publication outlet, whereas in the
humanities and social sciences book sections represent the dominant mode of
publication; see Unger et al. 2010). Finally, as we do not dispose of a compre-
hensive journal ranking including all the different journals from all the different
subjects and subdisciplines covered in our data set, the main advantage of using
an indicator of scientific visibility based on (appropriately weighted) journal
articles only, was not an option.

(b) Explanatory Variables: RTG Composition
To capture heterogeneity, we calculate the widely used index of heterogeneity
(Blau 1977). It is defined as

with n representing the total number of categories of a variable, and s; the
fraction of team members falling into category i. We calculate Blau’s index

'"'Whenever the number of co-authors was not specified in the research reports but the expression
“et al.” hinted at a joint production of publication outputs, we supplemented our data from the RTG
research reports by information gathered from the internet.
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concerning (i) the field of study and (ii) the nationality of the doctoral and
postdoctoral students in an RTG. As fields of study we distinguish 22 different
fields according to the ISCED; concerning the nationality of RTG students we
distinguish nine cultural regions according to the classification by Huntington
(1996). Afterwards the figures are normalised on the interval [0,1] (see
Alexander et al. 1995: 1466).

2.4 Descriptives

As the descriptive statistics reveal, performance as well as heterogeneity vary con-
siderably between the disciplinary fields and also between individual RTGs within
one disciplinary field.

2.4.1 RTG Performance

Number of publications: Fig. 2.1 first displays the number of publications per fund-
ing year, both for the humanities and social sciences (left panel) and for the natural
and life sciences (right panel). As can be clearly seen, in the RTGs from the humani-
ties and social sciences the number of publications per funding year is on average
considerably higher than in the RTGs from the natural and life sciences. This result
is mainly explained by differences in co-authorships and the 1/n-count which
reduces the publication count particularly for natural and life sciences with their
traditionally long lists of co-authors.

Doctoral completion rate: Concerning the doctoral completion rate per funding
year (Fig. 2.2), the picture is less clear: While the RTG with the highest doctoral
completion rate per funding year belongs to the humanities and social sciences, the
overall performance is higher in the natural and life sciences (with 20 out of 58
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Fig. 2.1 No. of publications per funding year (Source: Own data)
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Fig. 2.2 Doctoral completion rate per funding year (Source: Own data)

Humanities and Social Sciences Natural and Life Sciences
5 0,3 0,3
> %
) 02
“ )
© o
£ 0,1 £01
< wn
7 ]
0,0 - 0,0 ..
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
No. of fields of study No. of fields of study

Fig. 2.3 Interdisciplinarity — no. of fields of study represented by the students in an RTG (Source:
Own data)

RTGs having a doctoral completion rate per funding year of at least 20 %) and lower
in the humanities and social sciences (with only seven out of 28 having a comple-
tion rate of more than 20 %).

2.4.2 RTG Composition

Interdisciplinarity: Our first dimension of heterogeneity concerns the question in how
far an RTG is characterised by interdisciplinarity of its students. Figure 2.3 displays
the shares of RT'Gs in the humanities and social sciences (left panel) and in the natural
and life sciences (right panel) concerning the number of different subjects studied by
their doctoral and postdoctoral members. The share of RTGs in the humanities and
social sciences characterised by all of its students coming from the same study field is
10 %, while in about 28 % of the RTGs in the natural and life sciences all of their
students come from the same study field. The majority of RTGs in both disciplines
comprises students from three or more different study fields. In light of the fact that
the ISCED study field classification already represents a rather aggregate classifica-
tion only distinguishing 22 different fields of study, this is indeed a striking result.
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Fig. 2.4 Interdisciplinarity — Blau’s index concerning the field of study (Source: Own data)
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Fig. 2.5 Internationality — no. of cultural areas represented by students in an RTG (Source: Own
data)

Figure 2.4 displays the index of heterogeneity according to the field of study of
RTG students. As can be seen, no RTG achieves a degree of heterogeneity of 1.0. In
both disciplinary fields, the maximum level of heterogeneity concerning the field of
study is around 0.8.

Internationality: Our second heterogeneity dimension concerns the question in how
far an RTG is characterised by the internationality of its students. Figure 2.5 dis-
plays the share of RTGs in the humanities and social sciences (left panel) and in the
natural and life sciences (right panel) concerning the number of different cultural
areas represented by their doctoral and postdoctoral members. As can be seen, the
RTGs from the humanities and social sciences are on average less characterised by
internationality than those from the natural and life sciences: In the latter, the major-
ity of the RTGs comprises students from more than three different cultural areas
whereas in the former, the majority of RTGs comprises students from at most two
different cultural areas.

Figure 2.6 displays Blau’s index of heterogeneity according to the cultural area
an RTG student comes from. Again, no RTG achieves a degree of heterogeneity of
1.0. In both disciplines, the maximum level of heterogeneity is below 0.8.
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Fig. 2.6 Internationality — Blau’s index of heterogeneity concerning cultural areas (Source: Own
data)

2.5 Results

In order to analyse the effect of the RTG composition on the RTG performance as
measured by the scientific visibility and the doctoral completion rate we employed
the seemingly unrelated regressions (SUR). The seemingly unrelated regressions
are an extension of the linear regression model and are used for analysing a system
of multiple regressions with correlated error terms. As our estimations for scientific
visibility and the doctoral completion rate use the same data set, the errors might
well be correlated across the equations rendering the use of SUR adequately. In the
light of our small data set, we ran separate regressions to test for the potential effects
of interdisciplinarity and internationality and also had to abstain from using control
variables. However, we estimated two different models in each case: One model
tests for a linear relationship between the respective measure of heterogeneity
(interdisciplinarity, internationality) and performance. The second model allows for
a potentially non-linear relationship between the respective measure of heterogene-
ity and performance when a quadratic term of the respective heterogeneity measure
is added.

2.5.1 RTGs in the Humanities and Social Sciences

Interdisciplinarity: For the humanities and social sciences, heterogeneity concern-
ing the field of study is positively related with the RTG performance as far as scien-
tific visibility, i.e. the publication output per funding year is concerned; there is no
indication of the relationship being non-linear. Figure 2.7 visualises the correspond-
ing relationship. It shows that the RTG performance with respect to the doctoral
completion rate remains unaffected by the heterogeneity of the study field. In other
words, the interdisciplinarity of RTG students has on average positive effects on the
RTG performance in the humanities and social sciences.
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Fig. 2.7 Blau’s index concerning the field of study (x-axis) and the no. of publications per funding
year (y-axis) in the humanities and social sciences (Source: Own data)
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Fig. 2.8 Blau’s index concerning the cultural area (x-axis) and the doctoral completion rate
(y-axis) in the humanities and social sciences (Source: Own data)

Internationality: Concerning cultural heterogeneity, the picture is quite different:
While the scientific visibility remains unaffected by the students’ internationality,
the doctoral completion rate is affected in the following way: an increasing degree
of internationality at first is associated with a lower doctoral completion rate. Once
a certain level of cultural heterogeneity is reached, a further increase in heterogene-
ity raises the doctoral completion rate (see Fig. 2.8). However, even at the highest
level of international heterogeneity reached in the data set, the doctoral completion
rate is below its value in a completely homogeneous RTG, which comprises only
students from one cultural area. In other words, the internationality of RTG students
seems to have on average negative effects on the RTG performance in the humani-
ties and social sciences.
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Fig. 2.9 Blau’s index concerning the field of study (x-axis) and the doctoral completion rate
(y-axis) in the natural and life sciences (Source: Own data)

2.5.2 RTGs in the Natural and Life Sciences

Interdisciplinarity: Using again the seemingly unrelated regressions, we find for the
natural and life sciences that the relationship between the study field heterogeneity
and the doctoral completion rate is hump-shaped: The regression model including
the quadratic term shows that an increase in student interdisciplinarity at very low
levels first increases the doctoral completion rate, but then very soon decreases it
(Fig. 2.9). The RTG performance with respect to the indicator scientific visibility
seemingly remains unaffected by the heterogeneity concerning the field of study.

Internationality: Concerning heterogeneity with respect to student nationality, there
is no indication of a linear or non-linear relationship between heterogeneity and
performance.

2.6 Conclusion

In this chapter we analysed how one particular governance mechanism affects the
performance of research teams. The governance structure we look at is the require-
ment of interdisciplinarity and internationality of Research Training Groups (RTGs)
uttered by the German Research Foundation. We study how the performance of
RTGs is affected by the heterogeneity that is induced by an increasing number of
study subjects and by an increasing number of cultural areas within a research
group. From a theoretical perspective there may be two countervailing effects:
according to the resource perspective, team performance should rise with increasing
team heterogeneity because the team as a whole has access to a larger set of intel-
lectual resources. However, from a sociopsychological process perspective, team
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performance might also be endangered by an increase in team heterogeneity because
communication between team members may suffer due to different (study field and
national) languages, increased conflicts and reduced group cohesion. We expect that
the size of both effects depends on the type of research in an RTG and analyse how
the overall effect is shaped in the humanities and social sciences as compared to the
natural and life sciences.

Using seemingly unrelated regressions, we find for the humanities and social
sciences that heterogeneity has significant effects on research performance with
study field heterogeneity enhancing scientific visibility, and internationality being
inversely hump-shaped related with the doctoral completion rate. In contrast, for the
natural and life sciences, we only find a significant effect for the doctoral comple-
tion rate exhibiting a hump-shaped relationship with study field heterogeneity.

We conclude that the effectiveness of a particular governance mechanism varies
substantially from discipline to discipline. The observed differences may be rooted
in profound disciplinary characteristics. Following Becher (1994), Bonarccorsi
(2008) and Whitley (2000), knowledge production in the natural sciences — in com-
parison to the humanities and social sciences — is characterized by a higher func-
tional dependence (i.e. a higher degree to which a scientist needs other human or
technical resources as an input for his or her work), by more specialized research
topics and standardized operational procedures, by the existence of clear criteria for
knowledge verification and by a consensus on the most relevant questions in the
research field. To the contrary, research in the humanities and social sciences is
characterized by a greater uncertainty, more theoretic diversity, less control on
research goals and value-driven results. While research in the natural sciences aims
at discovering and explaining, in the humanities and social sciences, understanding
and interpretation are in the focus (See Becher and Trowler 2001; Becher 1994;
Bonarccorsi 2008; Whitley 2000). That is: While the humanities and social sciences
are non-paradigmatic in nature and offer a plurality of well accepted theories and
methodologies endowing their students with a more general education, the natural
and life sciences represent so-called “paradigmatic sciences” that generally do not
allow for different scientific approaches and leave less scope for interpretation. As
a consequence, the production processes in the two disciplinary fields are severely
different from each other (see e.g. Unger 2010) — a fact that has to be taken into
account when designing adequate governance mechanisms.

As theoretically argued and empirically shown, the effects of input oriented gov-
ernance vary between the scientific fields. What may work well in one disciplinary
field may have just the opposite effect in the other. An increasing degree of interdis-
ciplinarity in the humanities and social sciences positively affects the research per-
formance. At the same time, when increasing the degree of interdisciplinarity in the
natural and life sciences, positive effects on research performance can only be
observed up to a certain point, but not if interdisciplinarity is driven to the extreme.
Therefore, it seems reasonable to conclude that in governing research groups, all
kinds of external governance should be either precisely engineered to the concern-
ing disciplinary field and its specificities. Alternatively, a menu of options should be
offered that allows research teams to choose a structure that is most effective given
the specificities of its disciplinary field and the specific research requirements.
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