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In this  paper,  we  analyze  the  effects  of  research  collaborations  on  the  scientific  output  of academic
institutions,  drawing  on  data  from  the first official  Italian  research  assessment  exercise.  We  measure
the  scientific  performance  of a research  unit  as the number  of  publications  that  received  an  excellent
grade  in  the  evaluation  process.  Different  aspects  of  scientific  collaboration  are  taken  into  account,  such
as  the  degree  of openness  of  a  research  team  towards  other institutions  and/or  countries,  the  frequency
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of  co-authorships,  and the  average  size  of  co-authoring  teams.  Using  econometric  models  for count  data,
we find  that  greater  and  more  frequent  knowledge  exchange  resulting  from  collaboration  with  external
or  foreign  colleagues  increase  researchers’  productivity.
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nowledge externalities

. Introduction

In recent years, scientific productivity of universities has
ecome one of the most important issues for economic policy, as
itnessed by the growing number of studies by economists and

ther social scientists. It has also become increasingly clear that
ealing with governance and organizational issues is essential in
nhancing the efficiency of universities (Aghion et al., 2010). Cen-
ral to this issue is the increasing trend in scientific collaborations
bserved both between individuals and organizations since the
980s in all fields of research (Durden and Perri, 1995; Beaver,
001; Goyal et al., 2006). Sharp increases have been observed in
o-authorships (Slaughter and Leslie, 1997; Ziman, 2000; Gibbons
t al., 1994; Adams et al., 2005; Wagner and Leydesdorff, 2005;
uchty et al., 2007; Bammer, 2008), as well as in less formal modes

f academic co-operation, such as visiting periods and participation
o conferences which have the same effect of boosting knowledge
xchange and social interaction among researchers and universi-
ies (Katz and Martin, 1997; Kalaitzidakis et al., 2004; Adams et al.,

005; Freeman, 2010).

This phenomenon is correlated to factors such as technical
rogress in communications (Rosenblat and Mobius, 2004) and
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increasing specialization (Jones, 2009), but it is also due to a pol-
icy orientation which favourably views research collaborations.
Indeed, believing that the scientific productivity of universities can
be enhanced by collaborations, most governments have launched
initiatives, such as bringing researchers together in large new cen-
tres of excellence and financing research projects carried out by
international networks of universities (Katz and Martin, 1997;
Kalaitzidakis et al., 2004; Adams et al., 2005). However, the evi-
dence on the impact of collaborations on the productivity of
universities and departments is mixed, and it is not clear which
collaboration type is most effective.

This also leads to other questions concerning what kind of
collaborations should be supported. Should governments and uni-
versities encourage researchers mobility and exchanges across
research institutes, or should they favour the establishment of large
agglomerations of research units so as to raise the probability of
developing better matching within departments? Should policy-
makers encourage large or small co-authorship teams? Should
policy makers provide finance for visiting periods and invitations
from and towards foreign universities? In answering these ques-
tions, the empirical literature offers little guidance.

The aim of our paper is to understand whether collaboration
between individual scientists boosts the quality of scientific pro-
duction of research units and, if so, which form of collaboration is

the most effective. Our unit of analysis is a department, defined
on the basis of its institution and research field. We  ask whether
different characteristics of collaboration, such as the average size
of co-authorship teams, the frequency of co-authorship, and the
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penness of a co-authorship team towards researchers from other
nstitutions and/or countries, may  have different effects on the pro-
uction of high-quality research.

We estimate a model of scientific production by using mainly
ata drawn from the Italian Research Assessment Exercise (RAE)
or the period 2001–2003, which was the first official evaluation
f academic research performance in Italy. In our paper, high-
uality research is measured as the number of publications that
ere ranked excellent by panels of experts within the RAE. This

ndicator draws on competent peer review by scholars who, along
ith their own subjective judgments, used the available biblio-
etric information – i.e. citations, impact factor, number of pages,

tc. (see Clerides et al., 2011, for a discussion of peer review and
etric-based indicators).
In our model of scientific production, the number of excellent

ublications produced by each department is a function of four indi-
ators of intellectual collaboration. First, the share of co-authored
ublications, in order to capture the extent of formal collabora-
ions that involve the department members. Second, the number
f authors per publication, that is, the average size of collaborat-
ng teams involving department members and their co-authors.
hird, the share of non-affiliated authors, a measure of the openness
f department members to formal collaboration with researchers
rom other universities. Fourth and last, the turnover of interna-
ional visiting scholars, to account for the openness to informal
nowledge exchange with foreign academic institutions. Our esti-
ates are based on a Poisson model, a negative binomial model –

hat allows for data overdispersion – and an exponential Poisson
odel estimated with instrumental variables – two-stage resid-

al inclusion (2SRI) method – to take endogeneity problems into
ccount.

The results from our empirical analysis lend support to the
iew that, in order to improve the quality of its publications, a
cientific organization has to encourage interactions with scien-
ists from other institutions and countries. In fact, we find that
o-authorships with external researchers and visiting periods have
ositive effects on a research unit’s number of excellent publica-
ions. Thus, we find that openness to both formal and informal
ollaborations and knowledge exchange across academic institu-
ions can really enhance the high-quality productivity of scientific
epartments. These results are confirmed with increased mag-
itude and significance when we control for the endogeneity of
cientific collaborations and for differences between science and
ocial science fields. Moreover, and consistently, we obtain the
pposite results when we re-estimate our econometric models on
ublications that received lower grades. Finally, we  find a negative
orrelation between the size of a scientific team and the number of
xcellent publications, while the total amount of collaborations has

 positive but not statistically significant effect. Taken as a whole,
hese results suggest that while the total amount of collaborations
er se have no effects on the production of high quality science,
hat matters is the composition of the collaborating teams.

We contribute to the relevant literature in at least two
ays. First, we re-assess the evidence on the relationship

etween intellectual collaboration and the productivity of aca-
emic organizations. Although the literature has considered both
uantity-based and quality-based indicators of academic produc-
ivity, recently the balance has tipped in favour of the hypothesis
hat, if at all, collaborations affect mainly the quality of scientific
roduction, justifying our focus on quality (Hollis, 2001; Laband
nd Tollison, 2000, 2003; Rosenblat and Mobius, 2004). Second,
nd as already mentioned, we aim to ascertain which policy

nstruments are more appropriate to stimulate the scientific pro-
uction of academic institutions, i.e. encouraging research mobility
cross universities vs. favouring matching within institutions to be
chieved, for instance, through large agglomerations of researchers.
cio-Economics 47 (2013) 25– 36

On this issue, few empirical papers are available (Kalaitzidakis et al.,
2004; Ramos et al., 2007; He et al., 2009).

The paper is structured as follows. Section 2 reviews the main
empirical and theoretical findings on scientific collaboration. Sec-
tion 3 presents an empirical model of scientific production and
describes the data and the empirical strategy. The results are dis-
cussed in Section 4, while Section 5 concludes.

2. Intellectual collaboration and scientific output: a
literature review

The empirical literature on intellectual collaboration offers a
number of insights that are useful to frame our analysis. Conceptu-
ally, works on the relationship between collaboration and scientific
productivity can be classified along two dimensions: (i) qualitative
vs. quantitative indicators of scientific performance, (ii) individuals
vs. institutions as the unit of analysis.

Concerning the former dimension, the existing literature shows
that collaboration between scientists is effective in boosting the
quality of research outputs, while the effect on the sheer quan-
tity of publications can even be negative. Section 2.1 is devoted to
exploring this tension between publication quality and quantity,
and backs up our choice to focus on an indicator of publication qual-
ity. As regards the unit of analysis, recent empirical research has
increasingly paid attention to the scientific performance of depart-
ments, seen as a more appropriate unit of analysis than individuals
if knowledge is best transmitted through face-to-face communica-
tion and gives rise to external effects (see Section 2.2).

2.1. Effects of intellectual collaboration on the quality and
quantity of publications

Early empirical works on the economics of science detected
positive correlations between co-authorships and the scientific
production of individual researchers, measured by the number of
publications. This was the case with de Solla Price and Beaver (1966)
on a sample 592 scientists, and with Zuckerman’s study (1967)
on 41 Nobel laureates, who were shown to be more apt to col-
laborate than a matched sample of scientists. Durden and Perri
(1995) used both total articles and per capita articles to measure
academic performance, finding that co-authorship enhances the
productivity of individual researchers in economics. Further, using
cross-sectional data on individual researchers, Landry et al. (1996)
found that higher rates of co-authorship are correlated with higher
numbers of published articles in several fields.

However, further work made clear that one should rather expect
a positive relationship between co-authorships and the quality of
scientific publications, but not necessarily on quantitative meas-
ures of scientific productivity. A first insight in this direction came
from the results in McDowell and Smith (1992), showing that
co-authorship has no significant effect on the total articles normal-
ized by the number of authors. Similar results were obtained by
Hollis (2001) on a panel of individual researchers in economics,
finding that when scientific production (articles or citations) is
divided by the number of authors, co-authorship is negatively cor-
related to scientific productivity, and suggesting that the gains
from co-authorship occur mainly in the form of higher-quality
manuscripts. Laband and Tollison (2000), drawing on information
from the Journal of Political Economy (JPE) submission and accep-
tance lists for the period 1982–1986, provide empirical evidence
that co-authored scientific papers are more likely to be accepted

for publication in JPE – arguably, a top journal in economics – than
sole-authored papers. Wuchty et al. (2007) show that the average
number of citations received by team-based works exceeds the
average citations of “solo” works even in areas, such as arts and
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umanities, where formal intellectual collaborations are less com-
on, and when the effect of larger networks in the case of multiple

uthors is taken into account.
Recent works using sources of exogenous variation in co-

uthorship patterns have demonstrated the existence of a causal
ffect of co-authorships on scientific productivity. In Azoulay et al.
2010), exogenous variation is provided by the premature death of
superstar” co-authors; the expulsion of co-authors for ethnic or
olitical reasons from Nazi Germany is instead used as an instru-
ent of co-authorship by Waldinger (2012). Both works reveal that

he loss of talented co-authors is detrimental for both the quality
nd quantity of scientific publications. Adding to the above pic-
ure, the work by Laband and Tollison (2000) estimated the value
f collegial commentary and informal collaboration on published
apers in economics by using detailed data on the 251 feature arti-
les published in the Review of Economics and Statistics during
he period 1976–80. Laband and Tollison found that informal col-
aborations are very valuable, since they increase dramatically the
uality of published articles, particularly when they occur during

 researcher’s training period. Hence, informal interactions are at
east as important as formal co-authorships in fostering scientific
uality.

To explain the impact of collaboration on scientific quality,
ollis (2001) observes that “easy papers”, which are more likely

o be published in low-tier journals, are mainly produced by sin-
le researchers. This highlights the existence of a quality-quantity
rade-off in research. Rosenblat and Mobius (2004) view this
henomenon from a different perspective: they argue that the
eduction in communication costs has enhanced collaboration
etween distant agents, but at the same time it has reduced collab-
ration between individuals with different characteristics, since it
nables researchers to be more selective in choosing their part-
ers. The expected effect could be an increase in the quality of
atching and in the collaboration of highly talented researchers,

ut at the same time a reduction in the quality of collaboration and
n the productivity of less talented individuals. As a consequence,
here can be a “polarization” effect among researchers, raising the
roduction of high-quality articles, while reducing the low- and
edium-quality articles. Hence the net effect on the sheer quan-

ity of scientific publications (of an individual researcher or of a
roup) could be negative.

Earlier evidence of polarization was shown by Pravdic and Oluic-
ukovic (1986), who analyzed collaborative patterns in chemistry
t both individual and group level. Polarization dynamics as well as
gglomeration dynamics are revealed by the evidence in Agrawal
nd Goldfarb (2008), who showed that the introduction of Bitnet
n US universities during the 1980s, and the ensuing fall in com-

unication costs, mainly benefited the publication performance
f middle-tier universities collaborating with top-tier universi-
ies localized in the same geographical area. Apparently, although
elematic communication would allow matching with very distant
cholars, it proves complementary with communication modes
ooted in spatial proximity, such as face-to-face interaction. How-
ver, the results obtained by Kim et al. (2009) and Ding et al.
2010), based on longer samples, indicate that innovation in infor-

ation and communication technologies worked as an equalizing
orce, allowing scientists holding marginal positions in academic
etworks to partially fill the gap with the more visible scholars.

.2. Effects of intellectual collaboration on the scientific output of
cademic institutions
Most works in the economics of science focus on the effects of
cientific collaboration on the publication performance of the indi-
idual researcher. However, interactions among scientists give rise
o spillovers, as shown by the evidence on the “departmental effect”
io-Economics 47 (2013) 25– 36 27

(Allison and Long, 1990; Carayol and Matt, 2006) and discussed by
Carillo and Papagni (2013) and Carillo et al. (2008). To the extent
that such spillovers are localized, the department or research insti-
tution might be the most suitable unit of analysis. Collaboration
among institutions has been growing over time, as testified by the
evidence in Mowery (1992), Powell (1996), Adams and Griliches
(2000), Sutter and Kocher (2004) and Adams et al. (2005), who  also
investigate the underlying determinants of this trend.

To date, the effect of intellectual collaboration on the scientific
performance of academic institutions has been largely neglected
in the literature. In this context, our work is close to Ramos et al.
(2007) who, based on a sample of Spanish economics and business
departments, found that international collaborations have a posi-
tive and significant effect, while cross-institution within countries
co-authorships as such have no significant effect on the scientific
production of departments. Adams et al. (2005) used panel data on
scientific papers written in 110 top U.S. research universities in the
period 1981–1999, finding that collaboration among institutions,
especially international collaboration, increases an institution’s
quality of research, but reduces its quantity. They conclude, in line
with the evidence summarized in Section 2.1, that “a trade off of
fewer papers in return for larger overall scientific influence may
be taking place” (p. 261). The results by Kalaitzidakis et al. (2004)
show that the productivity of European economics departments,
measured in terms of publications, is significantly enhanced only
by a particular type of collaboration, that with North American uni-
versities. This paper is highly interesting for our purposes, since
it is based on an indicator of international collaboration that is
very close to one of our indicators, namely visiting periods and
training undertaken by European economists in North America.
However, they analyze only international collaborations, while we
also take care of collaborations within the same institution. Finally,
He et al. (2009) used a longitudinal data set of biomedical scien-
tists affiliated to New Zealand universities, and showed that both
collaborations within a university and international collaborations
are positively related to article quality.

3. An empirical model of scientific production

What chiefly emerges from the above literature review is that
collaboration results in a better quality of publications, but not nec-
essarily in more publications. From a policy maker’s point of view,
it is important to ascertain what types of collaborations are more
effective at boosting the quality of academic publications. Build-
ing upon the research agenda suggested by the literature review,
we perform an econometric analysis of the relationship between
research quality, measured at the level of research units, and the
extent and types of collaborations between researchers. The con-
ceptual framework for this analysis is provided by an empirical
model of scientific production, presented herein.

Let yq
i,k

be the number of publications of quality q by institu-
tion i = 1, . . .,  I(k) that operates in field k = 1, . . .,  20, where I(k) is the
number of institutions active in field k. Research units are identi-
fied by pairs (i, k). We  assume that publications are the outcome of
a production process in which researchers’ effort, Ri,k, and knowl-
edge, Ai,k, are translated into research outputs through a production
function Fq(.):

yq
i,k

= Fq(Ai,kRi,k)
The labour-augmenting knowledge factor Ai,k is, in turn, a func-
tion of intellectual collaborations (ci,k), research unit-specific char-
acteristics (ri,k), characteristics (zi) specific to the institution or uni-
versity to which the research unit belongs, and field-specific effects
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fk), i.e. features that characterize the technology or organization of
he specific research field within which the research unit is active:

i,k = A(ci,k, ri,k, zi, fk)

Our empirical analysis aims to estimate the marginal effect of
 on yq, controlling for sources of heterogeneity across research
nits, research institutions and academic fields. In the following
ubsections, we illustrate our empirical definitions of research units
Section 3.1), scientific output measures (Section 3.2), indicators of
cientific collaboration (Section 3.3) and control variables (Section
.4).

.1. Defining research units

In defining research units and in measuring research inputs
nd outputs, we rely on data from the 2001–2003 Italian RAE,
hich is the first government evaluation of research outputs from

talian universities and research organizations. The assessment
as performed between February and December 2005 under the

esponsibility of a Steering Committee for Research Assessment
CIVR). In a nutshell, the assessment process worked as follows.
ach research institution was invited by the CIVR to submit a
umber of research products, among those published during the
001–2003 period, to panels of experts nominated by the CIVR for
ach field. As a rule, each participating institution had to submit a
umber of research products equal to half the number of full-time
quivalent (FTE) researchers. This rule means that, if Ri,k is mea-
ured as the number of tenured researchers affiliated to institution

 in field k, the number of publications to be submitted by i in k
as 0.5Ri,k. Hence only a subset of the overall scientific produc-

ion of academic units was evaluated, namely the works chosen
y academic institutes. In turn, each panel appointed two anony-
ous referees for each publication, and the referees were asked to

ate the products according to four grades: excellent, good, accept-
ble and limited. The referees were invited to express a motivated
valuation of each publication, also taking account of metric-based
ndicators, such as citation statistics and journal impact factors.

The CIVR dataset provides information on 1086 research units
n Italy, hosted by 102 research institutions (universities and non-
niversity research centres) and working in 20 research fields. The
elds covered by the dataset include 14 main fields and 6 spe-
ial fields. Units defined according to the CIVR dataset include all
esearchers affiliated to the same university or research institute,
ho belong to scientific sectors as defined by the Ministry of Edu-

ation, University and Research.

.2. Quality of scientific output

Our dependent variable yq is the number of high-quality publi-
ations of research units, measured by the number of publications
warded the grade “excellent” in the research assessment exer-
ise. This is a measure of research output coming from a process of
eferee evaluation, while most works in the economics of science
ake use of metric-based indicators, such as citation counts, the

mpact factor and the h-index. The advantages of our choice can be
asily argued by referring to the extensive literature on the sub-
ect. Indeed, the shortcomings of citations as a measure of research
uality and innovativeness are well documented (Medoff, 2003;
eingart, 2005; Oswald, 2007; Clerides et al., 2011; Coupe et al.,

010). Referee-based evaluation of scientific productivity, which
lso lies at the core of the British RAE, can overcome most of those

hortcomings because, while referees usually take account of cita-
ion counts and journals’ impact factor, they use further qualitative
nformation to build their evaluation. Furthermore, referee-based
ndicators fare better than metric-based indicators in assessing
cio-Economics 47 (2013) 25– 36

quality in those fields, such as Literature, Law, or History, where
monographs are important outlets for research dissemination.

One problem with the Italian RAE is that the mechanism adopted
to select the publications to be submitted does not guarantee the
full statistical representativeness of output data. However, this
problem seems serious in the case of low quality grades, but the
count numbers of excellent publications can be considered rep-
resentative of the whole production of high-quality articles and
books. Indeed, rational unit managers would only submit to the
committee the best scientific products which, in their view, were
more likely to be awarded excellent grades. In this respect, it is
worth noting that one of the declared aims of the CIVR assess-
ment exercise was to provide the Ministry of Education, University
and Research with merit-based criteria for the allocation of a share
of the budgets of public research organizations. This would create
incentives for the research units to take the assessment seriously.
Accordingly, if publications not submitted to the assessment are
of lower than excellent grade, then our dependent variable is the
correct measure of high-quality publications. We  do not possess
information on such publications un-submitted to CIVR, but we use
in our estimates only the data of those organizations that in a given
field have a number of publications classified in at least one of the
grades lower than excellent greater than zero. This should mean no
excellent publication has been left un-submitted to CIVR.

3.3. Scientific collaboration indicators

In studying the impact of collaboration on research quality, we
seek to capture four essential dimensions of scientific collabora-
tion that may  affect the quality of the publications: the size of each
collaborating team, the extent of formal co-authorships, i.e. the
incidence of co-authorships involving unit members, the compo-
sition of the formal co-authorships – within the same institution,
between researchers from different institutions – and the infor-
mal inter-institution collaborations. Consistent with these aims,
we have selected four proxies of intellectual collaboration, mea-
sured at the research unit level (2001–2003 averages): the average
number of authors per submitted publication; the share of co-
authored publications (i.e. products featuring at least two  authors);
the ratio between non-affiliated (“external”) and affiliated (“inter-
nal”) authors; and the turnover of international visiting scholars.
In the empirical model previously described, such indicators are
included in vector ci,k. Let us describe these variables in greater
detail.

The first indicator is given by the number of authors per publi-
cation submitted by a unit. In this way we capture the average size
of each collaborating team. While we do not have strong expec-
tations on the effect of this variable on scientific excellence, the
existing literature underlines the existence of diminishing returns
with respect to the size of the collaboration team, and shows that
the relationship between team size and scientific excellence varies
across fields.

The second indicator is equal to the percentage of products sub-
mitted by a research unit that feature at least two authors. By means
of this variable we capture the extent of co-authorship over the
research activity of a department. A similar indicator was  used by
Sutter and Kocher (2004), while Laband and Piette (1995), Mixon
(1997) and Medoff (2003) used simple dummies to capture whether
publications were co-authored by more than two or three scholars.

The intensity of external co-authorships is measured by the ratio
between the number of authors that are not affiliated to the unit,

and the number of affiliated authors of all the publications sub-
mitted by the unit. Formally, let ni,k be the number of authors of
the publications submitted to the CIVR by unit (i, k). Since these
publications can be co-authored with researchers who  are not
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ffiliated to unit (i, k), one can write ni,k = nin
i,k

+ nout
i,k

where nin
i,k

s the number of affiliated authors per unit (i, k) and nout
i,k

is the
umber of non-affiliated authors. Our indicator of formal external
ollaborations therefore reads nout

i,k
/nin

i,k
. This variable sheds light

n quite an important aspect of academic collaboration: its com-
osition. Indeed, it measures whether the collaborations are more
r less outward oriented. This is likely relevant, since the effec-
iveness of social interactions in academic work may  depend on
hether co-authorships involve systematic face-to-face contacts

r long-distance communication. “Internal” collaborations allow
avings in communication and coordination costs, which increase
harply with distance due to knowledge tacitness, especially in

 period when Internet-based communication software was less
idespread than today. Yet outward-oriented researchers are more

ikely to find the best-matching co-authors, and the associated ben-
fits may  offset the communication and coordination costs, yielding
n increase in scientific quality – providing a powerful motivation
or “external” collaborations.

The fourth and last indicator of inter-institution collaborations
s given by the turnover of international visiting scholars (i.e. the
um of incoming and outgoing). This variable measures the number
f affiliated researchers who have visited foreign research units, as
ell as that of foreign researchers hosted by Italian institutions,

or at least three months during the period covered by the research
ssessment (2001–2003). This is a measure of openness to the inter-
ational exchange of knowledge, motivated by collaborations that
ay  also be informal, and that are characterized by face-to-face

nteraction. As such, this variable aims to capture the effects of
nternational spillovers on scientific knowledge.

.4. Control variables

Our control variables include the characteristics of the research
nit, characteristics specific to the university to which the research
nit belongs, and field-specific effects.

.4.1. Research unit-specific controls
Unit-specific characteristics (vector ri,k) include the average age

f unit members and the number of PhD students and post-doctoral
ellows per FTE researcher. The average age of unit members
ccounts for variations in the marginal productivity of researchers
nd in their involvement in administrative and organizational
esponsibilities linked to their age and experience. At the research
nit level, the researchers’ average age depends on the relative
eight of different generations of scientists, and the age distri-

ution of a research unit can significantly affect the organization
f its research activity. Experienced researchers might compen-
ate their declining scientific contributions by training youngsters
nd collecting funds, so that productivity at the research unit level
s not reduced (see Bonaccorsi and Daraio, 2003 on this point).
hD students and post-docs can alternatively enhance the marginal
roduct of researchers by offering research assistance, or diminish

t if they increase the teaching load upon researchers.

.5. Institution- and field-specific controls

The institution-specific characteristics that affect the quality of
 unit’s publications (zi in the empirical model) are approximated
y the number of administrative staff members per researcher, as
ell as by the “age” of an academic institution, i.e. the years elapsed

rom its establishment up to 2004.

While the availability of more staff members may  boost the

roductivity of researchers by providing skilled bureaucratic and
echnical assistance (e.g. in the maintenance of experimental lab-
ratories, in drafting research project proposals), it could also be
io-Economics 47 (2013) 25– 36 29

correlated with heavier teaching loads that reduce the time devoted
to research by unit members. The variable age of institution may in
principle capture the degree of reputation and prestige of academic
institutions, presumably higher among universities and research
institutes with a longer tradition. However, many of the universi-
ties established in Italy during the 1980s and 1990s were spin-offs
of large universities created to tap the increasing demand for
academic degrees from smaller cities, in a spirit of spatial decen-
tralization of the supply of university education. Typically, older
professors with higher position rents would retain their chairs in
the old universities, located in the big cities, whereas the new uni-
versities would host younger and, on average, more scientifically
active colleagues. The age of the institution could thus even corre-
late negatively with the quality of scientific publications.

Concerning field-specific controls, we acknowledge that fields
differ in academic production processes, in competitiveness, and in
international openness. Hence, we use field-specific dummy  vari-
ables and include them in the matrix fk. Since the very effects of
intellectual collaboration may  differ across fields, we also perform
the empirical analysis separately for two macro-fields: Science and
Social Science. Science includes 11 fields: Mathematics, Physics,
Chemistry, Geology, Biology, Medicine, Agriculture, Engineering,
Electronics, Computing, Nano technologies, Aerospace. Social Sci-
ence includes five fields: Literature and Arts; History, Philosophy
and Psychology; Law; Economics and Statistics; Political and Social
Sciences.

The input and output variables described above are organized
in a cross-section of research units. Summary statistics for the
selected variables are reported in Table 1 for the whole sample and
for the two above-mentioned macro-fields.

4. Econometric methods and results

4.1. The econometric approach

In the econometric analysis of scientific productivity, the Pois-
son regression model is the reference tool whenever the research
output is a count variable, as in our case and in previous papers (e.g.
Zucker et al., 2006; Bauwens et al., 2011). Hereby we follow this
approach. However, the Poisson model assumes that the mean and
the variance of the dependent variable are equal, an assumption
that does not find support in our dataset: the standard deviation of
the publication counts is larger than its mean (see Table 1). Such
overdispersion can be handled by means of a negative binomial
regression model. We  therefore model the conditional expected
value of yq

i,k
(previously defined) as follows:

�i,k = E(yq
i,k

|Xi,k) = exp(X ′
i,kˇq)

and its variance as �i,k + ˛�2
i,k

. In this formulation, Xi,k is a matrix of
explanatory variables and ˇq is the vector of parameters. The neg-
ative binomial regression model holds when  ̨ /= 0; the Poisson
model is a special case when  ̨ = 0. The model is estimated by max-
imum likelihood and the hypothesis of no overdispersion (  ̨ = 0)
is subject to testing (see Cameron and Trivedi, 2005; Winkelmann,
2008). The negative binomial estimates of the parameters’ standard
errors are robust to heteroskedasticity.

In the cross-section data that we  use, the causal interpretation
of the estimated parameters can be questioned by endogeneity
issues, for at least two reasons. First, there are two omitted vari-
ables, such as the scientists’ reputation and teaching loads, that
affect both scientific productivity and collaborations, in particu-

lar formal and informal collaborations with external researchers.
Indeed, researchers with higher reputation are better off collab-
orating with similarly well-regarded colleagues, and most often
they find these co-authors in other institutions, home or abroad.
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Table 1
Summary statistics.

Obs. Mean Std.Dev. Min  Max

No. of excellent publications 931 6.19 16.55 0 367
No.  of researchers (FTE) 931 39.37 75.19 0.3 1319.3
No.  of PhD and post-docs 931 1.21 1.75 0 24.3
Age  of institution 928 264.19 298.3 4 916
No.  of administrative staff per researcher 931 1.14 0.82 0 8
Average age of unit members 758 44.59 3.33 29.5 55
%  of co-authored publications 931 0.68 0.38 0 1
No.  of authors per publication 931 5.43 16.69 1 325.75
External authors ratio 931 0.62 1.41 0 32.33
International visiting 931 2.21 6.25 0 107.1
Science
No.  of excellent publications 641 6.71 19.3 0 367
No.  of researchers (FTE) 641 41.73 87.53 0.5 1319.3
No.  of PhD and post-docs 641 1.15 1.7 0 23.9
Age  of institution 641 267.13 298.99 5 916
No.  of administrative staff per researcher 641 1.10 0.74 0 8
Average age of unit members 513 43.97 3.22 29.5 55
%  of co-authored publications 641 0.89 0.21 0 1
No.  of authors per publication 641 7.21 19.85 1 325.75
External authors ratio 641 0.83 1.65 0 32.33
International visiting 641 2.54 7.35 0 107.1
Social  Science
No. of excellent publications 290 5.03 7.39 0 58
No.  of researchers (FTE) 290 34.16 34.48 0.3 198.2
No.  of PhD and post-docs 290 1.35 1.85 0 24.3
Age  of institution 287 257.61 297.15 4 916
No.  of administrative staff per researcher 290 1.23 0.96 0.19 8
Average age of unit members 245 45.88 3.2 34.5 54
%  of co-authored publications 290 0.23 0.27 0 1
No.  of authors per publication 290 1.48 0.64 1 4.14
External authors ratio 290 0.15 0.29 0 3
International visiting 290 1.47 2.31 0 13.4

No.  of
excellent
publica-
tions

No. of
researchers
(FTE)

Average
age of unit
members

Age of
institution

No. of PhD
and
post-docs

No. of
administra-
tive staff
per
researcher

% of co-
authored
publica-
tions

No. of
authors per
publication

External
authors
ratio

International
visiting

Correlation matrix
No. of excellent

publications
1

No. of researchers
(FTE)

0.6604 1

Average age of unit
members

0.2641 0.2834 1

Age of institution 0.2712 0.2918 0.3229 1
No. of PhD and

post-docs
0.1856 0.3703 0.1184 0.0428 1

No.  of
administrative
staff per
researcher

−0.0919 −0.1188 −0.0884 −0.1392 −0.0516 1

%  of co-authored
publications

0.0394 −0.0618 −0.2606 0.0614 −0.0702 −0.0595 1

No.  of authors per
publication

0.1975 0.0454 −0.0766 0.0731 −0.0134 −0.0421 0.7567 1

External authors 0.0295 −0.1725 −0.1709 −0.0457 −0.0761 0.0214 0.5724 0.6807 1

0.22

O
t
t
c
t
F
a
t
e
f
f

ratio
International

visiting
0.0766  0.0958 −0.0335 0.0243 

f course, a good reputation is typically gained by demonstrating
he capacity to produce high quality science. Hence the omission of
he scientists’ reputation would bring about a correlation between
ollaboration indicators and the error term, leading to inconsis-
ent estimates. We  have a similar problem with teaching loads.
or scientists with heavier teaching loads, external collaborations
nd visiting periods are more costly in terms of time, and a greater

eaching effort translates into less time for achieving a high sci-
ntific quality. Such endogeneity problems are relevant especially
or the composition of collaborations, i.e. external vs. internal, and
or informal collaborations with foreign universities. A unit with
39 −0.1692 0.0805 0.1191 0.0763 1

low reputation and heavy teaching loads may  forcedly resort to
internal collaborations in the attempt to keep a high volume of sci-
entific production. In other words, marginal changes in reputation
and in teaching loads induce a sort of substitution between external
and internal collaborations, without necessarily affecting the total
number of collaborations entertained by a unit.

Second, the number of international visiting scholars is likely

affected by simultaneity and measurement errors. Indeed, scien-
tific quality and visiting scholars in our database both refer to
the 2001–2003 period. This simultaneity problem is partly miti-
gated by the fact that visiting periods enjoyed in 2001–2003 are
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ooted in past relationships with foreign institutions. Concerning
easurement errors, the International visiting variable is a com-

osite indicator providing information both on stays abroad based
n consolidated long-term relationships between universities, and
n visits based on short-lived or recently established relationships.
e believe that stays abroad can fully deliver their benefits on

he academic productivity of a unit only if they are based on con-
olidated, long-term contacts. Recently-established relationships
ay  still be unable to effectively stimulate productivity; short-lived

isits are probably unable to exert any positive impact. We  there-
ore see visiting periods based on one-off or recent relationships
s noise disturbing what we consider the truly interesting sig-
al: visiting periods based on durable international relationships.

f such measurement errors are not controlled for, the estimated
arginal effect of visiting scholars on high-quality publications is

ikely to reflect a mix  between highly effective informal intellec-
ual exchanges (based on long-term contacts) and weaker informal
ollaborations (recent relationships, short-lived visits).

In order to avoid these biases, we look for instrumental vari-
bles able to capture the exogenous variation in the collaboration
ndicators suspected of endogeneity. A first group of instrumental
ariables relate to the international mobility of students, namely
he logarithm of the number of students in international mobility,
ts square, and the logarithm of the funds for students’ international

obility (both measured in 1999; source: MIUR). These variables
re lagged with respect to the period of interest (2001–2003) so as
o avoid simultaneity. The underlying idea is that agreements for
tudent exchanges are more likely to be proposed and designed by
cientists who are more involved in long-term international col-
aborations. Indeed, researchers with weak CVs and low foreign
anguage skills are unlikely to bear the bargaining costs of striking
uch agreements. At the same time, there is no reason to expect a
irect effect on the quality of publications, since the students par-
icipating in international exchange programmes are not involved
n the research activities carried out by the departments, and the
unds allocated for the international mobility of students are not
sed for scientific purposes.

The second group of instrumental variables builds on the insight
hat geographical distance can act as a source of exogenous varia-
ion in external collaborations. Italy is characterized by very little
cademic job mobility, due to the lack of a proper academic job mar-
et; most researchers take jobs in their regions of origin. Thus, the
eographical distribution of talented researchers is approximately
andom. Yet spatial proximity among researchers can powerfully
timulate external collaboration, whereas the costs of beginning
nd maintaining external collaborations increase with the distance
rom current and potential co-authors. We  follow a similar insight
o that of Card (1993), who used college proximity as an instrument
or the education outcomes in estimating the returns to schooling.

Italy is a long thin peninsula stretching about 1300 km from
orth to South. Whereas Northern cities in the Po Valley are rather
lose to each other, the population in the Centre and Southern
egions is mostly located along the coastlines, and the two large
slands, Sardinia and Sicily, are quite remotely placed to the South-

est. Hence, the latitude and longitude of cities and towns where
niversities have their headquarters are natural choices as instru-
ents, since they exogenously capture the weight of transportation

osts without exercising an autonomous effect on publication qual-
ty. We take their natural logarithms.

Clearly, living in a well-connected and densely populated part
f Italy need not stimulate external collaborations if colleagues
rom the same field are located far away. We  thus use a further

nstrumental variable that combines geographical and social dis-
ance, namely the relative number of same-field researchers within
00 km.  We  compute this as follows: for university i in field k, it is
he number of researchers affiliated to universities located within a
io-Economics 47 (2013) 25– 36 31

crow-fly distance of 100 km from university i and operating in field
k, divided by the number of researchers affiliated to university i in
field k. The minimum of this variable is equal to 1, occurring when
researchers in a given university/field have no close neighbours,
whereas higher values indicate that it is more likely for researchers
to find colleagues in the same field at a reasonably small distance.
We use the crow-fly distance instead of the road distance, since the
latter may  be affected by the per-capita regional income and thus
may  not be exogenous (e.g. richer regions are endowed with better
transport infrastructures and more research funds).

As suggested by Wooldridge (2002) and Terza et al. (2008), we
use the two-stage residual inclusion method (2SRI) to estimate the
causal effect of collaboration on the high-quality publications of
Italian research units. Following Terza et al. (2008) we  assume the
regression model:

Y = g(xeˇe + xoˇo + xuˇu) + u, (1)

where the function g(.) is exponential, xe denotes a vector of
endogenous variables, xo denotes observable exogenous regressors,
xu denotes the unobservable,  ̌ are vectors of coefficients, and u is
the random error. The first stage consists of the usual regression of
endogenous variables on all instruments, as in 2SLS. In the second
stage, we apply non-linear least squares to Eq. (1) with regres-
sors xe, xo, and the first-stage residuals. Hence, first-stage residuals
approximate for unobservable variables.

Note that a test of the exogeneity of international visiting and
of the share of external authors can be conducted by testing the
null that the value of the parameter of the first-stage residuals is
zero. In the second stage, unbiased estimates of standard errors are
obtained by applying bootstrapping techniques.

In summary, we estimate three models for the number of excel-
lent publications: a Poisson model, a Negative Binomial model,
and an exponential Poisson estimated with instrumental variables
(2SRI) to account for the likely endogeneity of international vis-
iting periods of researchers and the share of external authors. We
also perform 2SRI estimates on two  sub-samples: Science fields and
Social Science fields, in order to detect possible differences between
these two  macro-areas of research.

It is worth noting that if our empirical model captures the
essential features of the scientific production process, then the
variables that explain the number of excellent products should be
significantly correlated with the lowest-quality products, but with
opposite signs. Hence, for the sake of robustness we also present
estimates which use the number of acceptable publications as the
dependent variable.

4.2. Results

Hereby we  illustrate the estimation results. Table 2 reports max-
imum likelihood estimates of the Poisson and Negative Binomial
models of excellent publications, along with goodness-of-fit meas-
ures and test statistics for the hypothesis of over-dispersion. The
results from the 2SRI estimations are given in Table 3 for both
the first and the second stage, and for acceptable publications as
well, for comparison. In Table 3 we also report the F statistics
introduced by Angrist and Pischke (2009), which is the appropriate
test for the null of weak instruments when more than one vari-
able is suspected of endogeneity. The small sample critical values
of the Angrist–Pischke F statistic for the case of a 2SRI model have
not yet been tabulated. Hence, in line with the existing literature
we compare the test values with the critical values of the Cragg-
Donald statistic tabulated by Stock and Yogo (2002) for the case of

a linear IV model with i.i.d. errors. Finally, the 2SRI estimates based
on the Science and Social Science subsamples are the contents of
Table 4. To save space, the coefficients of field-specific dummies
are omitted.
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Table 2
Determinants of the number of excellent scientific publications in Italy (2001–2003). Poisson and negative binomial estimates.

Poisson Negative binomial

Coeff. z-Value Coeff. z-Value

No. of researchers 1.038*** 24.99 1.041*** 24.72
No.  of authors per publication 0.011 0.22 0.011 0.22
Share  of co-authored publications 0.709** 2.4 0.626* 1.95
External authors ratio 0.392*** 3.69 0.399*** 3.83
International visiting period 0.003 0.34 0.014 1.16
No.  of PhD and post-docs
Average age of unit members

0.223**

−0.100
2.43
−0.16

0.149
−0.186

1.63
−0.31

Age of the institution 0.009 0.44 0.023 1.17
No.  of administrative staff per res.
Constant

−0.309**

−0.604
−2.42
−0.25

−0.349***

−0.026
−3.08
−0.01

Field dummies Yes Yes
ln   ̨ −2.564 0.215
˛  0.077 0.017
No.  of observations 665 665
Pseudo-R2 0.640

Notes: The dependent variable is the absolute number of excellent publications. All the regressors, except for the variable International visiting, are taken as logarithms. The
variable average age of unit members refers only to universities. Heteroskedasticity robust z-statistics are also reported. Standard errors of  ̨ and ln  ̨ are in square brackets.
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10% level of significance.
** 5% level of significance.

*** 1% level of significance.

Before giving the detailed results, some remarks are in order.
stimation performance indicators show that the whole economet-
ic exercise is able to capture the main features of the productivity
f Italian research organizations. The Poisson regression displays
alues of the pseudo-R2 statistic of 64%, a rather high value for a
ross-sectional study. Most of the estimated parameters display

igh z-value statistics. The likelihood-ratio test after the Nega-
ive Binomial estimates suggests rejection of the null of  ̨ = 0 (i.e.
quality of mean and variance of the distribution of the dependent

able 3
eterminants of the number of excellent and acceptable scientific publications in Italy (20
uthors, international visiting.

2nd stage 

Excellent Acceptable

Coeff. z-Value Coeff. 

No. of researchers 1.005*** 10.89 1.102***

No.  of authors per publication −0.720*** −3.15 0.859***

Share  of co-authored publ. 0.106 0.19 0.661 

External authors ratio 2.482*** 3.24 −3.237***

International visiting 0.384*** 4.61 −0.522***

1st S.R., Ext. authors −2.073*** −2.64 2.457**

1st S.R., Int. visiting −0.410*** −4.86 0.549***

No. of PhD and post-docs 0.429*** 3.18 −0.029 

Avg.  age of unit members −0.057 −0.06 1.572 

Age  of the institution −0.063** −1.97 0.005 

No.  of administrative staff 0.141 0.81 −0.278 

Constant −2.521 −0.72 −7.641*

No.  of visiting students 

Expenditure for visiting stud. 

No.  of visiting students, squared 

No.  of researchers within 100 km 

Longitude 

Latitude 

Field  dummies Yes Yes 

No.  of observations 665 664 

Adj.  R2 0.900 0.900
Angrist–Pischke F 

otes: The dependent variable is the absolute number of excellent or acceptable publica
ogarithms. The variable average age of unit members refers only to universities. The ins
n  1999 plus one, its squared value, the logarithm of funds for students visiting foreign u
00  km,  the longitude and the latitude of the university cities. Heteroskedasticity robust 

* 10% level of significance.
** 5% level of significance.

*** 1% level of significance.
variable), confirming the presence of over-dispersion. The 2SRI
regressors also display a high explanatory power. Our suspicions
on the endogeneity of International visiting and External authors are
confirmed, since the parameters of the first-stage residuals are sig-
nificantly different from zero. We were therefore able to correct
for the biases induced by omitted variables, measurement error,

and simultaneity problems. Finally, the positive effects of collab-
orations on the number of excellent publications are mirrored in
their negative effects on acceptable publications.

01–2003). Two-stage residual inclusion estimates. Endogenous variables: external

1st stage

 External authors Int. visiting

z-Value Coeff. z-Value Coeff. z-Value

9.08 −0.056*** −4.67 0.278*** 4.77
2.61 0.290*** 12.26 0.304*** 2.67
1.11 0.357*** 3.93 −0.213 −0.49

−3.10
−5.10

2.52
5.09

−0.27 −0.028 −1.15 0.224* 1.88
1.57 −0.227 −1.39 0.018 0.02
0.20 0.005 0.66 0.032 0.85

−1.15 −0.013 −0.33 −0.085 −0.45
−1.88 −9.119* −1.80 −15.574 −0.64

0.011 0.65 −0.426*** −5.40
−0.028*** −3.20 0.100** 2.39
0.000 0.19 0.049*** 4.12
0.000*** 4.77 0.000 −0.27
0.118** 2.10 −0.812*** −3.01
0.552* 1.91 1.686 1.21
Yes Yes
665 665

2.637 16.359

tions. All the regressors, except for the variable International visiting, are taken as
truments are the logarithm of the number of students visiting foreign universities
niversities in 1999 plus one, the relative number of same-field researchers within
z-statistics are also reported.
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Table 4
Determinants of the number of excellent and acceptable scientific publications
in Italy (2001–2003), for the Science and Social Science sub-samples. Two-stage
residual inclusion estimates. Endogenous variables: external authors, international
visiting. The share of co-authored publications is excluded from the set of regressors.

2nd stage, excellent publications

Science Social Science

Coeff. z-Value Coeff. z-Value

No. of researchers 1.057*** 5.27 1.106*** 9.36
No.  of authors/publication −0.772* −1.84 −1.848* −1.70
External authors ratio 2.396** 2.19 6.680** 2.01

International visiting 0.362*** 2.90 0.333** 2.08
1st  S.R., Ext. authors −2.004* −1.84 −5.496 −1.62
1st  S.R., Int. visiting −0.393*** −3.11 −0.365** −2.13
Age  of unit members −0.188 −0.13 −2.068 −1.39

Age of the institution −0.060 −1.41 −0.076 −1.19
No.  of PhD and post-doc 0.560*** 3.01 0.141 0.58
No.  of administrative staff 0.149 0.44 0.113 0.37
Constant −2.028 −0.38 5.601 1.00

Field dummies Yes Yes
No. of observations 359 214
Adj. R-squared 0.896 0.919
AP  F test, Ext. auth. 2.113 0.898
AP  F test, Int. visiting 8.699 8.882

Notes: The dependent variable is the absolute number of excellent or acceptable pub-
lications. All the regressors, except for the variable International visiting, are taken
as  logarithms. The variable average age of unit members refers only to universities.
The instruments are the logarithm of the number of students visiting foreign uni-
versities in 1999 plus one, its squared value, the logarithm of funds for students
visiting foreign universities in 1999 plus one, the relative number of same-field
researchers within 100 km,  the longitude and the latitude of the university cities.
Heteroskedasticity robust z-statistics are also reported.

* 10% level of significance.
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ence subsample, but not in the Social Science one. These estimates
** 5% level of significance.
*** 1% level of significance.

.2.1. The effects of scientific collaboration
A first glance at the results reported in Table 2 shows that two

f the collaboration indicators – share of coauthored publications,
xternal authors – positively affect publications quality. The elas-
icities vary between .563 and .669 for the share of coauthored
ublications, and between .318 and .415 for external authors. The
oefficient of international visiting is positive, but it is significant
nly in the Negative Binomial estimates. The authors per publica-
ion coefficients are not statistically different from zero.

The 2SRI estimates reported in Table 3 correct for the endo-
eneity of international visiting and external authors. As already
entioned, the suspected endogeneity of these two variables is

onfirmed by the significant (and negative) coefficients of the first-
tage residuals. These results mean that the unobservables reduce
he production of high quality research. Hence in this case the neg-
tive effect of teaching loads prevails over the positive effect of
eputation. Looking at the coefficient estimates, we  find a positive
nd significant causal effect of both external authors and interna-
ional visiting on the number of excellent publications. The share
f co-authored publications no longer has a significant impact,
hereas we  detect a negative and significant effect of authors
er publication. The latter can be seen as evidence of decreasing
eturns.

In detail, the correction for endogeneity takes the International
isiting parameter from 0.014 (Negative Binomial) to 0.384, and
he external authors parameter from 0.399 (Negative Binomial)
o 2.482. Once again, we find that the collaborations between
uthors from different institutions increase the quality of scientific

esearch, even when such interactions and contacts are informal, as
uring visiting periods. Hence, high-quality research greatly bene-
ts from interactions with colleagues affiliated to other academic
io-Economics 47 (2013) 25– 36 33

organizations. Both the composition of formal collaborations and
the intensity of informal collaborations drive scientific excellence.

Can we  trust these estimates as causal effects? We  believe that
we can. Indeed, first-stage F tests reject the null of weak instru-
ments. The Angrist–Pischke F test in the first-stage equation for
International visiting is a whopping 16.359, well above the critical
values tabulated by Stock and Yogo (2002) for the smallest bias.
Less strong are the instruments in the External authors first stage,
with an Angrist–Pischke test equal to 2.637. This is, however, not a
sign of weak instruments if we accept a 25% LIML size bias.

Interestingly, both the external authors and the international vis-
iting variables show negative and significant coefficient estimates
when we consider acceptable publications as the dependent vari-
able. Thus, the emerging picture is one in which formal and informal
collaborations between authors from different institutions greatly
alter the quality distribution of scientific products, because they
increase the number of excellent products and, at the same time,
reduce the number of products of lesser quality. The main advan-
tages of cooperative research may well be due to the openness to
different scientific environments and greater freedom in the choice
of collaborators.

Estimates on macro-field subsamples provide further interest-
ing insights. Indeed, Table 4 shows that external collaborations
are important for the quality of publications in the fields of Sci-
ence (coefficient estimate: 2.396) and even more in Social Science
(6.680). Visiting periods significantly improve the productivity of
researchers in both macro-fields, with similar magnitudes (0.362 in
Science, 0.333 in Social Science). The field differences with respect
to external co-authorship can be explained by the fact that the
practice of co-authorship was  already widespread among Italian
researchers in Science, while it was  quite new and gaining strength
in Social Science, with huge positive effects on productivity. The
lack of differences concerning the visiting periods, instead, is sur-
prising in light of the peculiarities of fields such as Literature, Arts,
and Law, where Italian is the main language, and the enduring back-
wardness of some parts of the Italian social sciences that are quite
closed to the world community.

4.2.2. Inputs and control variables
The regression results confirm the importance of human cap-

ital inputs. Indeed, the parameters of the number of researchers
are always significant and positive, with values close to one. The
coefficients associated to the average age of unit members are neg-
ative, but not statistically significant in any specification concerning
excellent products. The magnitudes in Social Science are larger
than in the whole sample and in Science. The fact that the best
Social Science units are relatively young may signal that in some
disciplines, such as Economics and Statistics, methodological and
technical innovations appear quite frequently: since younger fel-
lows move swifter down the learning curve, units with a lower
average age are better able to implement such innovations.

The age of the research institution has a positive but not signif-
icant coefficient in the Poisson and Negative Binomial models, but
the coefficients turn negative and significant when we estimate the
2SRI model. However, significance vanishes when we break down
the whole sample into Social Science and Science. These results sug-
gest that older institutions are unable to exploit their larger stock of
organizational experience. The PhD students and Post-Doc variable
affects the number of excellent publications in a positive and statis-
tically significant way in all whole-sample specifications (Poisson,
Negative Binomial, 2SRI). The positive effect is confirmed in the Sci-
thus show that post-graduate students are useful resources for the
scientific performance of research units, but only in Science. The
effect of the administrative staff is negative and significant in the
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Table 5
Determinants of the number of excellent scientific publications ascribed to each academic organization in Italy (2001–2003). OLS and Two-stage residual inclusion estimates.
Endogenous variable: International visiting.

OLS 2SRI Exponential 2SRI

Coefficient z-Value Coefficient z-Value Coefficient z-Value

No. of researchers 2.52 11.66*** 2.09 8.91*** 0.84 7.88***

No. of authors per publication −0.33 −1.32 −0.64 −2.35** −0.19 −1.74*

Share of co-authored publ. 1.16 1 1.28 1.1 0.28 0.54
International visiting 0.52 2.85*** 1.75 4.06*** 0.49 3.97***

First-stage residual −1.31 −3.03*** −0.53 −4.33***

No. of PhD and post-docs 0.28 1.01 −0.05 −0.17 0.38 2.95***

Avg. age of unit members 0.93 0.59 1.98 0.98 0.22 0.22

Age  of the institution 0.246 2.85*** 0.15 1.39 −0.04 −1.49
No.  of administrative staff 0.12 0.22 1.03 1.5 0.27 1.11
Constant −9.24 −1.42 −15.7 −1.86* −4.06 −0.98
Field  dummies Yes Yes Yes
No.  of observations 757 757 757
Adj.  R-squared 0.57 0.55 0.88
Kleibergen–Paap Wald rk F statistic 30.91 30.91

Notes: The dependent variable in OLS and 2SRI estimates is the log of the total number of excellent articles multiplied by ni/n, where ni is the number of authors affiliated
to  a department and n is the total number of authors, while in exponential 2SRI the dependent variable is the same but untransformed in log. All the regressors, but the
variable  International visiting, are taken as logarithms. The variable average age of unit members refers only to university faculties. In specifications 2SRI and exponential 2SRI
the  variable International visiting is endogenous and the instruments are the longitude and the latitude of the university cities. Heteroskedasticity robust t  and z-statistics are
in  parentheses.

* 10% level of significance.
** 5% level of significance.
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*** 1% level of significance.

oisson and Negative Binomial models, but it loses significance and
hanges sign in 2SRI estimates and in the subsamples.

.3. An alternative definition of the dependent variable: scientific
ublications per authors’ head

So far in this paper we have attempted to explain the effects
f collaboration on total scientific output of high quality, measur-
ng this with the total number of articles rated excellent by CIVR
eferees. However, a different strategy to measure the quality of
o-authored research output ascribes only a share of total output
o a single author or an institution. For example, Adams et al. (2005)
stimate a model of scientific publications in which the output is
easured by the sum of fractions of citations to papers by a uni-

ersity in a given field. Another notable quantitative study is that
f Hollis (2001) where the quality of the publications of a single
conomist is measured as the ratio of the value of a quality index
o the number of authors of the publications.

This approach is based on the idea that the output of a research
eam can be divided into several parts, and that each part can be
ttributed to an individual researcher. However, while this may
old when a scientific product is measured only in terms of quan-
ity, it may  not hold when it is measured also in terms of quality: if
cientific output is measured in terms of quality, dividing the output
y the number of authors, it is likely to underestimate the contribu-
ion of collaboration to scientific production. In the research team a
arge part of the work also consists in monitoring the work of others,
r in training younger researchers. Moreover, the research activities
f a team can contain some duplication of functions which, while
ot ensuring an increase in the amount of scientific publications,
uarantee an increase in their quality. If we divide publications by
he number of authors, we eliminate by definition the team work
hat can give rise only to an increase in quality.

Of course, some authors may  well adopt a free rider behaviour

r there can be such high transaction and coordinating costs as to
educe the productivity of a team also in terms of quality. In this
ase, if we do not divide by the number of co-authors, we may  over-
stimate the effect of team collaboration. For this reason, although
our preferred measure of the quality of publications is the abso-
lute number of excellent articles, we provide a robustness check of
our results by using as a dependent variable the total number of
excellent articles multiplied by nin

i,k
/ni,k, where nin

i,k
is the number

of authors of excellent publications affiliated to one department
and ni,k is the total number of authors of the same publications
submitted to the CIVR for evaluation, given that in this case the
collaboration effects are underestimated.

The independent variables are the same as in the previous
regression models, except for the variable external authors which
does not enter the estimated equations because it is negatively
correlated with the dependent variable by definition. The depend-
ent variable is the logarithm of the excellent publications ascribed
to a department. We  estimate a linear model with OLS  and apply
the 2SRI to account for the endogeneity of the variable interna-
tional visiting scholars, in which case we use two  instrumental
variables: the longitude and the latitude of the university cities.
Furthermore, we estimate an exponential model of the num-
ber of excellent scientific publications per authors’ head similar
to that we  used for the count number in the previous sub-
sections. In this case too, we apply 2SRI instrumental variables
with the same set of regressors and instruments as in linear
2SRI.

Regression results are shown in Table 5. The estimated param-
eters of the extent of co-authorship in all the estimated models are
positive but not statistically significant, while the size of a team
shows a negative and significant coefficient. Thus with this defi-
nition of the dependent variable we  obtain a confirmation of the
previous results: the extent of formal collaborations is not signifi-
cant and still shows a positive sign, while the variable that captures
the international mobility of researchers is still significant and with
a positive effect on high-quality research. Hence, this feature of
social interactions in the scientific community seems to approxi-
mate the essence of knowledge exchange and its importance for

science. The average age of researchers is, as in the previous case,
not statistically significant. The other context variables, such as PhD
students, administrative staff and the age of the institution, are not
significant.
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. Conclusion

In this paper we investigated the effects of co-authorship and
ther forms of social interaction on the productivity of scientists.
his issue has become crucial in any debate on policies to foster
cience in advanced countries, since there is currently extensive
ollaboration in the community of researchers. We  approached the
ssue empirically by estimating econometric models for count data
rom the first assessment of the research output of 102 Italian uni-
ersities and research organizations, whether public or private. The
ata refer to 20 disciplines, and have several positive features, the
hief one being that research products are assigned to four differ-
nt quality categories through a process of peer evaluation, which
s more reliable than the common use of metric-based indicators.

The picture that emerges from the results of this econometric
xercise on the determinants of high-quality scientific productiv-
ty shows the importance of the flows of knowledge that arise
rom collaborations among researchers from different institutions
nd/or countries. These are among the most robust determinants of
he production of excellent publications. Among the control vari-
bles, the presence of PhD and Post-doc students and the age of the
nstitution are the most effective at increasing the production of
xcellent publications.

The overall set of regression results has strong implications
or science policy. It emphasises that knowledge exchange with
esearchers in the global scientific community is vital for those who
im to achieve the highest quality of research, and has limited or
ven negative effects on those who do not compete for international
restige in academic research.
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