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This  paper  aims  to further  our understanding  of how  embeddedness  affects  the  research  output  and
impact  of scientists.  The  analysis  uses  an  extensive  panel  data that  allows  an  analysis  of  within  person
variation  over  time. It explores  the  simultaneous  effects  of  different  dimensions  of network  embedded-
ness  over  time  at individual  level.  These  include  the  establishment  of  direct  ties,  the  strengths  of  these
ties,  as  well  as the  density,  structural  holes,  centrality,  and  cross-disciplinary  links.  Results  suggest  that
eywords:
etwork embeddedness
esearch output and impact
exico

the network  dynamics  behind  the generation  of quality  output  contrasts  dramatically  with  that  of  quan-
tity.  We  find  that  the  relational  dimension  of  scientists  matters  for  quality,  but  not  for  output,  while
cognitive  dimensions  have  the  opposite  effect,  helping  output,  while  being  indifferent  toward  impact.
The  structural  dimension  of the  network  is the only  area  where  there  is  some  degree  of  convergence
between output  quantity  and  quality;  here,  we find  a prevalence  for the  role  of brokerage  over  cohesion.
It  concludes  by  discussing  implications  for both  network  research  and  science  policy.
. Introduction

It is widely assumed among scientists that research collabora-
ion is desirable. Beaver and Rosen (1978) identified many motives
or collaboration: to increase productivity, access special equip-

ent and facilities, access special skills, access unique materials,
isibility, efficiency in use of time, to gain experience, to avoid
ompetition, and spatial propinquity, among many others. This
mpirical study provides a good idea of the range of motives leading
esearchers to prefer collaboration over being sole authors.

There is a variety of empirical evidence showing that collabo-
ation is beneficial. pioneer work on research productivity found

 strong relationship between collaboration and scientific produc-
ivity. Price and Beaver (1966) also found that the most productive
esearchers were also the most collaborative, a result confirmed
y Zuckerman (1967) a year later. Furthermore, it has been shown
hat there is a positive relation between co-authorship and arti-
le’s number of cites (Katz and Hicks, 1997; Glanzel and Schubert,
001; Wuchty et al., 2007). Thus, it is not surprising to find a

rowing attention to the role of collaborative effort in the pro-
ess of scientific knowledge generation (Stephan and Levin, 1997).
ost existing research in this area has looked at issues such as
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size of scientific teams, institutional and international collaboration
and geographic dispersion of team members (Adams et al., 2005;
Stephan and Levin, 1997; Wang et al., 2005; Melin, 1999; Melin and
Persson, 1996; Barnett et al., 1988; Katz, 1994; He et al., 2009; Singh,
2007; Lee and Bozeman, 2005). In addition, a complementary line of
research has looked at the relationship between network structure
and innovation (Ahuja, 2000; Gilsing et al., 2008).

While existing studies looking at the impact of collaboration
on scientific productivity have provided a variety of important
insights, we  still have a limited understanding of how network
embeddedness established through collaborations conditions
scientific output and impact. Network embeddedness dimensions
include relational embeddedness, structural embeddedness and
cognitive embeddedness (Nahapiet and Ghoshal, 1998). The
relational dimension breadth and depth of personal relationships
scientists develop with each other through the publishing effort
(Granovetter, 1992). The structural dimension refers to the pattern
of connections between researchers, who  do they reach and how
they reach them (Burt, 1992). Finally, the cognitive dimension
refers to those resources that provide shared interpretations,
languages and codes. In the context of the scientific endeavor, this
will mean the fields of knowledge in which researchers develop
their work.
Several issues contribute to our limited understanding of how
network embeddedness conditions output and impact. The first
and most significant issue is the controversy between brokerage
and closure as drivers of performance. Existing theories behind the
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.respol.2013.07.008&domain=pdf
mailto:cgonzalez@itam.mx
mailto:fveloso@ucp.pt
mailto:krack@andrew.cmu.edu
dx.doi.org/10.1016/j.respol.2013.07.008


1 esear

i
s
f
s
a
F
t
i
h
e
a
r
s
R
t

s
t
a
t
i
f
i
i
b
Z
c
f
n
s
t
e
s
e
o
o
a

c
f
w
m
2
T
r
2
n
h
d

s
b
n
c
e
r
e
v
t
s
p
r
a
t
p
i

556 C.N. Gonzalez-Brambila et al. / R

mportance of network embeddedness for productivity have been
ometimes contradictory. On one camp, authors have made a case
or brokerage. The idea is that open social structures with many
tructural holes can connect new members in different clusters
nd get access to new information, which will benefit performance.
or example, Burt (2004) finds that higher compensations, posi-
ive performance evaluations or promotions are disproportionately
n the hands of managers whose networks are rich in structural
oles. A contrasting perspective is one of closure: actors in tighter
mbedded networks obtain more coordination, trust each other,
nd develop better communication skills, which lead to superior
esults (Coleman, 1988). Despite a growing number of empirical
tudies (e.g. Burt, 1992, 2001; Ahuja, 2000; Fleming et al., 2007;
eagans and McEvily, 2008; Obstfeld, 2005), the relative impor-
ance of each dimension is far from being settled.

A second issue is the interrelation between the various dimen-
ions of network embeddedness. Existing research suggests that
he effect of one dimension of network embeddedness can temper-
te the effect of another. For example Fleming et al. (2007) suggest
hat greater network density, combined with a larger set of ties, can
ncrease one’s ability to generate novel knowledge because density
acilitates trust among network participants, increasing their will-
ngness to share valuable knowledge. In the context of science, it
s well known that high quality scientists, not only publish more,
ut also form more collaborative relationships (Zuckerman, 1967;
ucker and Darby, 2006). Similarly, it is straightforward to con-
eive that superior past performance can lead to advantages in
orming network ties, helping network brokers to establish new,
on-redundant ties (Burt, 1992). As a result, to properly under-
tand the role of the various network dimensions and conclude on
he relative contribution of each of them for performance, the influ-
nce of all variables should be taken into consideration. The need for
uch integrated perspective is recognized in a recent review (Phelps
t al., 2012), which notes the lack of consistency in results, and the
pportunity for careful work looking at “[. . .]  mechanisms linking
bserved knowledge network elements and knowledge outcomes
nd moderators of these mechanisms” [p. 1136].

The third dimension that we will consider, which we believe
an influence the role that network embeddedness play in per-
ormance, is the actual measurement of performance, especially
hen contrasting output and impact. Most prior studies use one
easure of productivity in the analysis (Burt, 2001; Gilsing et al.,

008; Ahuja, 2000) and thus have not quite explored this aspect.
his issue has certainly not been widely explored in an envi-
onment like academia (McFadyen and Cannella, 2004; He et al.,
009; Singh, 2007; McFadyen et al., 2009). We expect that a more
uanced perspective on how one measures knowledge output can
elp contextualize and better explain the influence of the various
imensions of embeddedness.

This paper explores the simultaneous effects of different dimen-
ions of network embeddedness on research output and impact
y isolating the marginal effects of the characteristics of the ego-
etwork from the individual effects of the agents within the
ollaboration network, both in their observed (education, gender,
tc.) and unobserved characteristics. A crucial characteristic of this
esearch is the use of an extensive panel data, which allows us to
xplore the effect of network embeddedness on different outcomes
ariables and to do the analysis considering within person varia-
ion over time. This is important for several reasons. First, existing
tudies in the network literature often look at differences between
eople to identify how changes in network characteristics may
elate to some desired outcome variable (e.g. Burt, 2001; Reagans

nd McEvily, 2008). While these results are certainly interesting,
hey offer a limited insight into the questions of how changes in a
articular dimension of social network embeddedness around an

ndividual conditions relevant outcomes. The critical issue is that it
ch Policy 42 (2013) 1555– 1567

is reasonable to consider that individual characteristics unobserved
by the econometrician, for example the intrinsic quality of an
individual as measured by intellectual ability, might be correlated
with particular network dimensions as well as with the outcome
variable, say output or productivity (Singh, 2007; He et al., 2009).
Thus, controlling for individual specific heterogeneity may  yield
different results when compared to an assessment based on dif-
ferences across individuals or organizations (Fleming et al., 2007).
Second, time varying individual characteristics could also be con-
founded with critical network variables, again leading to divergent
results. Third, one may  actually have different theoretical predic-
tions for a setting that looks at differences between individuals
versus one that considers within person variation. For example,
one could consider that the strength of the ties of an individual
in a network relates only to intrinsic individual ability, such that
a cross sectional analysis would find a correlation between this
variable and performance, but a time varying analysis would not
support such a relation. We  address all these issues by employ-
ing fixed effects models at the level of the individual scientists.
Finally, as noted above, it is possible that the nature of the networks
produces different effects depending on the performance variable
that is taken into consideration. Our dataset allows us to consider
different outcomes and thus address this issue.

Overall, we aim to contribute to the literature on research
productivity by advancing our knowledge of the specific mecha-
nisms that make research collaboration work, and how they impact
individual output and impact. We  also wish to contribute to the
network literature by improving our understanding of the interac-
tions of the different dimensions of network embeddedness, and
how they jointly condition performance.

The structure of the paper is as follows. The next section provides
some theoretical background and the hypotheses. The subsequent
section presents the data used as empirical analysis, and describes
the variables as well as the models specifications of the study.
Section four presents the results, while the final section has the
discussion and conclusions.

2. Theoretical background and hypothesis

Since Lotka’s (1926) pioneer analysis on scientific productivity,
several studies have found a positive relationship between collabo-
ration and scientific productivity. De Solla Price and Beaver (1966)
conclude that the most prolific researchers are also those that col-
laborate the most. Zuckerman (1967) showed that Nobel Laureates
published more and were more apt to collaborate than a matched
sample of scientists. Other research also found a positive associa-
tion between collaboration and the impact of scientific publications
(Narin et al., 1991; Katz and Hicks, 1997; Glanzel and Schubert,
2001). These studies have related co-authorship, particularly inter-
national co-authorship, and the number of citations as a measure of
quality and impact. He et al. (2009) used a longitudinal study of 65
biomedical scientists to show that within university collaboration
and international collaboration are positively related to an article’s
quality, and that international collaboration is positively related
to a scientist’s future productivity. In another study, Wuchty et al.
(2007) find that coauthored papers tend to receive more citations
than sole-authored papers.

Considering that the production of scientific knowledge is
deeply embedded in social structures and practices among scien-
tists (Katz and Martin, 1997), there have been few studies which
have used social network analysis to explore the characteristics of

social embeddedness of scientific collaboration and their impact on
performance. McFadyen and Cannella (2004) use a sample of pub-
lications of 173 biomedical scientists from 2 universities to test the
relationship between network ties and knowledge creation. They
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nd that superior knowledge creation is associated with an early
ncrease in the number and the strength of direct relations, though

ith diminishing returns, leading to an inverted U relation between
hese variables and performance. Although this study provides
mportant insights, it also has some limitations. As acknowledged
y the authors, the sample is small and only considers biomedical
cientists, so it may  not be representative. The study is also limited
ecause it focuses only on direct ties and their strength, ignoring
ther important aspects of social embeddedness. Singh (2007) uses

 longitudinal study of worldwide scientists in Biotechnology and
pplied Microbiology to explore the impact of external collabora-

ion across national, organizational or institutional boundaries. In
is study, he explores not only the impact of the collaborative article

tself, but also the effect in the future productivity of collaborating
cientists. Moreover, he analyses the influence of the number and
ntensity of interpersonal ties, as well as the benefits from struc-
ural holes in the creation of new scientific knowledge. His findings
onfirm that external collaboration improves future productivity.
e also shows that the three characteristics of a scientist’s ego-
entric network have a positive effect on productivity. Despite the
mportant findings of this study, it does not take into consider-
tion other aspects of social embeddedness that could be relevant,
uch as density and position in the ego-network, and the similar-
ties among the authors’ field of knowledge, which are important
imensions of network embeddedness.

Previous work raises the question of how does embeddedness
n academia influence the productivity and impact of a scientist. Up
o now, there is no compelling evidence of what kind of network
mbeddedness enhances the creation of new knowledge. Some
cholars (Granovetter, 1973; McFadyen and Cannella, 2004) con-
er importance to the relational dimension of networks, typically
ooking at the number and strength of direct ties, often regardless
f any embeddedness or centrality issues of the network structure.

In the network structure literature, two opposing versions of
he theory coexist. According to one view (Coleman, 1988) actors
n embedded networks have superior achievements because mem-
ers obtain more coordination; they trust each other, and develop
etter communication skills. An alternative view (Burt, 1992)
uggests that actors who  are connected to others who are not con-
ected to each other, that is, open social structures with many
tructural holes, can take advantages of the “bridges” to connect
ith new members in other clusters, and get access to new infor-
ation. A different set of views on this issue confers great value to

he identification of the “most important” actors (Freeman, 1982;
asserman and Faust, 1994), i.e. those in a strategic location with
any close relationships.1 The idea is that these actors have advan-

ages because they can get access and transmit new information
ooner than actors on the periphery.

Most empirical research considering performance-related out-
omes has focused on the structure of networks (Burt, 1992), and
ess attention has been paid to the effects of the relational dimen-
ion of networks (Cross and Cumming, 2004). Yet it is not clear
hat the analysis of network structure alone captures the effects
f the relational dimension for the creation of new knowledge
Cross and Cumming, 2004). We  argue that to better understand
he social relationship in academia, it is necessary to analyze the
ifferent dimensions of social capital: relational, structural and cog-
itive (Nahapiet and Ghoshal, 1998). In particular, bearing in mind a
otion that access to new information is the most important direct

enefit of social capital (Inkpen and Tsang, 2005) we  consider the
ost critical variables that can potentially influence the access to

ew information.

1 We refer as close relationships based on the distance or number of paths
etween the focal actor and his alters.
ch Policy 42 (2013) 1555– 1567 1557

The first relational dimension we consider is the number of
direct relationships that a given actor has at a given time. These are
expected to stimulate combination and exchange of resources that
exist within the relationships (Nahapiet and Ghoshal, 1998) and
provide researchers with access, not only to new knowledge, but
also to new experiences. Thus, it can be expected that an increase
in the number of direct ties will increase the amount of knowl-
edge, ideas, and resources people have access to, and therefore
enhance their ability to address the complex problems in the form
of advanced research (McFadyen and Cannella, 2004; Reagans and
McEvily, 2003; Ahuja, 2000). Hence, we expect,

Hypothesis 1. Researchers with a larger number of direct ties will
publish more.

A second relational dimension is the strength of the relation-
ships. As stated before, research collaboration could be beneficial,
but this cooperation also entails various costs. For example, costs of
finding the right partner, costs of organizing and distributing team-
work, costs of developing a shared understanding, trust, reciprocity
and the transfer of high quality information and tacit knowledge,
among other costs (Reagans and McEvily, 2003; Rowley et al., 2000;
Gulati, 1995; Larson, 1992; Inkpen and Tsang, 2005). To write a co-
authored paper, researchers must pay in advance all these costs, so
it could be expected that researchers tend to prefer working with
people whom they have worked with previously and with whom
they have already established some norms of cooperation. More-
over, partnering researchers who have already established bond
relationships have developed jointly held resources that make the
team to cultivate some inertia that makes them more productive.
Hence, we expect

Hypothesis 2. Researchers who develop stronger direct relation-
ships will publish more

As noted above, in addition to relationship dimensions, it is
also important to consider network structure. One  perspective is
that members in dense networks can secure the benefits of get-
ting access to information because they develop trust and shared
norms of behavior that mitigate potential opportunistic behavior
(Coleman, 1988). In this view, density serves as a proxy for the
continual cooperation necessary to succeed in innovation efforts.
Yet, others argue (Burt, 1992) that, even if such knowledge shar-
ing occurs, this information will become redundant after some
time. Instead, actors embedded in sparsely connected networks will
have knowledge brokerage opportunities that they can leverage to
construct an efficient, information-rich network, where the redun-
dancy between partners is minimized (Burt, 1992). The notion of
structural holes has been proposed to measure the extent to which
an individual’s position in the network confers the greatest access
to novel information and good ideas (Burt, 2004). Empirical stud-
ies on the effect of dense and sparse networks are diverse (Rodan
and Galunic, 2004). For example, Burt (1992, 2004), Hargadon and
Sutton (1997) and Hargadon (2002) found that structural holes
facilitate the development of innovative products. Other research,
such as Uzzi (1997), Hansen (1999) and Obstfeld (2005), suggests
the importance of dense networks in innovation to transfer tacit
knowledge.

To reflect on how these perspectives relate to academia, one
can consider how knowledge is generated and shared among aca-
demic researchers. In academia, there are established contexts and
tools to share knowledge. Researchers publish and share the results
of their work, as they do not necessarily expect to have intellec-

tual property rights or to generate profits based on it. Moreover,
there are congresses, workshops and meetings that contribute to
sharing knowledge and enhance wide access to novel information.
Yet, the exchange also tends to happen inside relatively closed knit
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characteristics of the international networks of these researchers
because we  do not have access to the network relations outside
Mexico. Still, we will control for the number of articles with

2 The Mexican National System of Researchers (SNI) was created in 1984 to
enhance the quality and productivity of researchers in Mexico. It gives pecuniary
compensation, as a complement of salary, to the most productive researchers in the
country. The production of all researchers is revised periodically to determine if the
compensation will continue or not.
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etworks within the same domain (Lee and Bozeman, 2005). This
rocess contrasts with the context of industrial innovation, where
nowledge sharing is likely to be more complex and less frequent
o protect firm secrecy (Gilsing et al., 2008). Given these contexts,
ne might posit that the benefits of density are less relevant for
cademic researchers than for people engaged in industrial inno-
ation, where the development of trust and cooperation norms
ight be quite significant. But the ability to access novel informa-

ion and good ideas that structural holes brings, appears to be all
oo relevant. Thus we hypothesize:

ypothesis 3. Researchers that become embedded in networks
icher in structural holes will publish more.

Also related to the structural dimension of the network, it
as been found that position in the network might affect the
pportunities and constraints of an actor (Hanneman, 2001; Cross
nd Cumming, 2004). This might be particularly relevant in an
cademic context because of the highly skewed nature of pub-
ications, citations and overall academic prestige (Lotka, 1926)
round a few select number of researchers. Thus, it is important
o assess what Wasserman and Faust (1994) characterize as a pres-
ige measure of centrality, in which the centralities are recursively
elated to the positions to which they are connected. As suggested
y Reagans and McEvily (2003), we expect this kind of central-

ty to increase people’s perspective and enhance their ability to
ackle complex ideas, thus contributing to increase researchers’
roductivity.

ypothesis 4. Scientists who become more exposed to other cen-
ral scientists will publish more.

Finally, we explore the cognitive dimension by looking at knowl-
dge clustering, in particular at the degree of collaboration among
cientists within the same discipline, versus collaboration of sci-
ntists from different disciplines. Because scientific research is
ecoming more complex, we have been seeing an increasing divi-
ion of labor in the profession (Arora and Gambardella 1998). At
he same time, collaboration of scientists from different disciplines
ecomes important to have access to the set of assets and particular
kills that allow tackling some of the potentially most interest-
ng problems (Katz and Martin, 1997). Thus, we expect scientists
hat tend to collaborate with researchers from different disciplines
njoy significant benefits, such that:

ypothesis 5. Scientists that collaborate more often with
esearchers from different fields of knowledge will publish more.

. Method

Our main proposition is that to better understand the impact
f network embeddedness on research output it is necessary to
nalyze the competing effects of all relevant network variables. The
omponents of network embeddedness are many and varied, and
losely related to each other. Therefore, the isolated effect of one
ariable could be very different when the other components are
ointly analyzed.

.1. Data

We  analyze the set of hypotheses described above using a
atabase of publications and citations for all scientific papers that
ave at least one author from Mexico, published between 1981 and
002, included in the Science and Social Sciences Citation Indexes

roduced by the Institute of Scientific Information (ISI) (ISI, 2003).
ig. 1 shows the evolution of Mexican publications indexed in ISI.
s can be seen, there has been an important growth in the number
f publications, mainly during the 1990s.
ch Policy 42 (2013) 1555– 1567

The data on publications includes information on:

• Number of citations
• Date of publication
• Name of authors
• Address information
• Number of coauthors
• Field of knowledge

In addition, we  had access to personal information on 14,328
researchers, in all fields of knowledge, who  have been part of the
Mexican National System of Researchers2 (SNI) from 1991 to 2002.

The data on SNI researchers include:

• Name of researcher
• Gender
• Age
• Country where PhD was  earned
• Area of knowledge
• Number of papers published in ISI3

Given that we lack personal information about researchers
outside the SNI system, and recognizing the great differences in
productivity among areas of knowledge (Gonzalez-Brambila and
Veloso, 2007), the analysis in this paper is restricted to a sample of
1704 researchers included in the area of Exact Sciences4 that have
been part of SNI at least one year between 1991 and 2002.

We  chose this area of knowledge because it is one of the most
productive areas in Mexico in terms of number of publications in
ISI (Gonzalez-Brambila and Veloso, 2007). Moreover, most of the
researchers in this area of knowledge are working in academia
and are members of SNI (De la Peña, 2003). Therefore, we have a
relatively complete Mexican network and, because they are part of
SNI, most researchers have the same incentive to publish, indepen-
dently of their institutional affiliation. These researchers are also
highly concentrated in a few select institutions (De la Peña, 2003),
and they tend not to move, a general characteristic of the system
in Mexico. This is important because changes of institution would
be driven by past success as well as the expectation of increasing
productivity, and new location changes the environment to which
researchers are exposed, affecting their collaboration networks.
This could lead to reverse causality on the assessment of the impact
of particular network variables on researcher productivity. Thus,
one could argue that this study is not much affected by this issue.

It is important to stress that all authors in Mexican publications
were considered, to establish the network variables used in the
estimation. Nevertheless, the focal analysis and conclusions are
associated to the networks in which SNI researchers in Exact Sci-
ences participate. Mexican Researchers that are part of SNI publish
more than 90% of the total number of Mexican publications in ISI
(Conacyt, 2003). The analysis in this paper does not consider the
3 The publications were obtained by matching the database of the researchers in
SNI  with Mexican articles from the ISI database from 1981–2002 (ISI, 2003).

4 This is the official classification in Conacyt, the National Council for Science and
Technology in Mexico. It falls within Natural Sciences and includes Physics, Mathe-
matics, Astronomy, Geology, Oceanography, Geophysics, and Material Science.
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Fig. 1. Evolution of Mex

nternational collaboration, aiming to distinguish heterogeneity
cross researchers on this dimension.

Since the main purpose of this paper is the analysis of how net-
ork embeddedness influences research output, we  dropped from

he calculation of network variables analysis all publications with
ore than 8 authors. We  believe that publications with more than

 authors reflect other type of collaboration effort and not nec-
ssarily the “actual” network embeddedness of researchers. Most
apers with many authors are the results of large collaborative “big
cience” projects that conform to a set of procedures and dynam-
cs different from those of smaller groups that we  are focusing on.
bout 97% of the publications have less than 9 authors. So we are

ncluding most of the publications. Our analysis is robust to small
hanges around this definition.

Co-authorship in ISI publications is used to measure relation-
hips. Melin and Persson (1996) find that a significant proportion
f scientific collaboration leads to co-authored papers, and publica-
ions in ISI are the most common measure of scientific productivity
Levin and Stephan, 1991; Stephan and Levin, 1997; Turner and

airesse, 2003; Gonzalez-Brambila and Veloso, 2007). Yet, an
mportant limitation of using this measure is that it does not
irectly measure actual contact between people. On one hand, not
ll collaborations end in a publication in ISI; and on the other,
here are other outputs, such as books, books chapters, proceedings,
atents, and non-ISI indexed publications, that are part of the pro-
uction of researchers and that can be the result of collaboration
mong researchers, and those are not reflected in our dataset. There
re also other forms of collaboration that a bibliometric study is not
ble to reveal. However, by using this measure we  avoid the sub-
ective bias of interviews and we are able to consider a large and
ather complete sample of individuals and their peers. Moreover,
o-authorship data has the advantage of being objective and repli-
able for large-sample studies, and perhaps one of the best available
ata source for studying scientific collaboration (Katz and Martin,
997).

.2. Variables

In this paper we measure research output in three ways. First,

e use the number of publications that a scientist publishes. Yet,

ince there might be variations in the quality and impact of the
ublished papers (Lindsey, 1989), we also consider an alternative
easure where publications are weighted by the number of cites
ar

ublications, 1981–2002.

that each publication receives in the subsequent years. The final
measure weights each publication by the number of joint authors.

Since most people who have written a paper together will know
each other quite well, we considered that two researchers are con-
nected if they have a co-authored paper. To study the network
of scientists, two-mode matrices were built, including all authors
(within and outside SNI) that have published with SNI researchers
in Exact Sciences in a given period. To get a one-mode matrix
that relates all authors with their publications, the co-occurrence
method was  used (Borgatti et al., 2002; Wasserman and Faust,
1994). That is, the co-authorship network is defined on a set of
ties among the researchers, where researcher i is tied to researcher
j if and only if researcher i and j co-authored a publication. This net-
work is often represented as an N × N adjacency matrix M,  where
N refers to the number of researchers, and cell Mi,j = 1 if and only if
researchers i and j co-authored at least one paper; else Mi,j = 0. The
diagonals of this matrix, Mi,i, are ignored (or set to missing values),
since co-authoring with oneself has no meaning in this context.

The network variables used were:

• Direct ties is the number of unique coauthors during the relevant
3-year period. This is the sum of the rows (or columns, since the
network is symmetric) in the adjacency matrix M.  For example, if
researcher A has published with researcher B, C and D in the last
3 years, researcher A has 3 direct ties. Formally, this is referred to
as the degree of node A in the co-authoriship network.

• Strength of ties draws on a different way  of accounting for
these co-authorships. The network M only refers to whether the
researchers co-authored at least one paper with each of his/her
fellow researchers. It is useful, however, to consider how many
times a person has written a paper with each of these co-authors.
That is, Researcher A may  have written one paper with Researcher
B but 6 papers with Researcher C. We  would say, then, that
Researcher A’s tie with Researcher C is stronger than A’s tie is
with Researcher B. Specifically, then, we construct a valued net-
work (a network that takes on values beyond just 0 and 1 as
indicated in the adjacency matrix M).  This valued network can
also be represented in an N × N matrix form, Q, wherein cells
Qi,j = the total number of papers co-authored by researchers i and

j over the 3 year window referred to above (again, the diagonals
are ignored). We  then construct a “strength of ties” measure of
each researcher’s involvement with their co-authors as follows.
First, we  sum the row (or column) values in Q; second, we divide
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vation years that result from considering forward citations, against
the desire to include as much as possible this measure of quality
and impact.6 On average for our sample, publications receive 70%
560 C.N. Gonzalez-Brambila et al. / R

this row total by the corresponding row total in M.  This ratio
measures the researcher’s propensity to co-author many articles
with their colleagues For example, if researcher A has published
2 papers with researcher B, and 6 papers with researcher C (and
no papers with anyone else) researcher A has a calculated value
of 8/2 = 4 for his/her strength of direct ties.
Density5 is often defined across the entire network as the pro-
portion of total ties that exist compared to those that could exist
if everyone were tied to everyone else. Operationally, this is usu-
ally calculated as the sum of all cell values in M divided by the
total number of cells in M (=N × (N − 1)). For our purposes, how-
ever, we are concerned about the local density that immediately
surrounds the particular researcher. That is, we are referring to
the extent to which ones co-authors also write papers with each
other. To calculate this, we consider a different subgraph for each
researcher. That is, for researcher i who has co-authored papers
with K others in the network M,  we extract the K × K subgraph S
consisting only of those K co-authors. The density for researcher
i is defined as the density in S. For example, if Researcher A had
3 co-authors, B, C and D, and B and C had co-authored with each
other but neither had written with D, then the density score for
Researcher A would be 1/3 (1 tie: B with C; 2 non-ties between B
and D and between C and D). This local density measure indicates
the extent of collaboration or cohesion among the co-authors that
each researcher is engaged with.
Structural holes are the separation of different actors who  are
not connected, the absence of ties between two parts of the net-
work. This variable is obtained by subtracting 1 – Constraint. The
Constraint is obtained through Burt’s formula (1992). In essence,
Constraint is a measure of the extent to which an ego is tied to
people who are in turn tied to each other, thereby creating lots
of redundancy in ego’s local network.
Centrality is measured by using the normalized eigenvector pro-
posed by Bonacich (1972). This measure of centrality captures the
important feature that an ego’s status and power in a network is
a function not only of how many alters they are tied to but also
how high in centrality (and consequent status and power) each of
these alters is. That is, a high value is given to an actor who is con-
nected to many actors who are themselves also well-connected
(Borgatti, 1995).
The external–internal (E–I) index is the number of ties exter-
nal to the groups minus the number of ties that are internal to
the group divided by the total number of ties (Krackhardt and
Stern, 1988; Tortoriello and Krackhardt, 2010). This index ranges
from −1 to +1 and indicates the extent to which the network ties
cut across group boundaries. For example, a “−1” would indicate
that all network ties occur within groups; a +1 would indicate
that all network ties cut across group boundaries; a “0” would
indicate that exactly half the ties occur within groups and half
the ties cut across groups. Originally, the E–I index was  designed
to measure the extent to which organizations as a whole were
characterized as having network ties that cut across formal orga-
nizational boundaries, such as divisions or departments. More
recently, though, the index has been used to measure and indi-
vidual’s propensity to network within their “group” or to bridge
across groups with their network ties.

The groups, in this case, were “fields of knowledge”. That is, the
–I index calculated for each author measures the extent to which

e/she tends to co-author with scholars from different fields than
heir own. We  lacked definitive information on each author’s pri-

ary field of knowledge, especially for those who have not been

5 Following Obstfeld (2005), we used two measures of structural holes, density
nd Burt’s (1992) measure of structural holes (1-constraint).
ch Policy 42 (2013) 1555– 1567

part of SNI. However, we do know the field in which each author
published first. We  assumed that this first publication is a proxi-
mate indication of the researcher’s primary field of knowledge and
used this marker to identify the researcher’s field.

All these network variables were calculated using UCINET
(Borgatti et al., 2002).

3.3. Models

To assess the effects of network structure in the creation of
knowledge, it is assumed that the function determining publishing
proficiency Pit is given by:

Pit = F(Xit-1, ci, uit), i identifies researchers and t period.
Xit-1: Variables that vary across time and across researchers:
Number of direct ties, strength of direct ties, density, structural

holes, centrality, external-internal index, reputation (description
below).ci: is the individual unobserved effect which is stable across
time but not across researchersuit; is the error term

We use the negative binomial fixed effects model proposed by
Hausman et al. (1984) because of the panel nature of the data. This
is aligned with our objective of analyzing within person variations
to understand how the social embeddedness around an individ-
ual conditions relevant outcomes, in this case scientific output.
The fixed effects model explores the temporal variation of critical
variables for the focal individual, thus allowing for both the pos-
sibility of permanent unobserved individual effect as well as the
possibility that some unobserved effects may be correlated with
publications and other explanatory variables. Simultaneously, this
empirical approach also allows a control for any fixed unobserved
heterogeneity across the institutional setting of the individual, an
important influence of research output and impact. This means
that we will be exploring how the current (and recent past) nature
of the ego-network characteristics for each individual influences
their future output (and impact). To assure the consistency of our
approach, a Hausman test (Hausman, 1978) was  run to check for
the possibility of a random effects panel structure. Given the sig-
nificance of the P-value, we  restrict our analysis to the use of fixed
effects. The Negative Binomial distribution was chosen over the
Poisson because the latter imposes a constant variance. This is not
true for the data used in our study where the variance of productiv-
ity far exceeds the mean. Yet, a drawback of the Negative Binomial
distribution is that the conclusions may  be less precise because the
estimated standard errors tend to be larger than in the alternative
Poisson model.

As stated before, three different measures of research output
were created. The first one (pubs) measures the straight publication
counts occurring over a two-year period. We  decided to consider
publication output over 2 years because publication is an uneven
event and many researchers in Mexico do not publish every year in
ISI publications. By using this measure we  avoid losing observations
from having many zeros in the outcomes. The second output mea-
sure (cites) adjusts publications for quality by adding the number
of cites that publications have received in the subsequent 4 years.
This citation window was  chosen trying to balance the loss of obser-
6 This approach is similar to the one used by Gonzalez-Brambila & Veloso (2007)
who provide a discussion on the robustness of this approach. An alternative possibil-
ity would be to consider the average number of citations per year. The problem with
this solution is that more recent publications would have smaller average number of
citations, which could bias our results. Alternatively, one could consider the indica-
tor  ‘expected number of citations’ produced by ISI. We  decided not to consider this
approach because there is not enough evidence that this ISI indicator better reflects
the quality and significance of a given publication.
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Table 1
Periods.

Period T (output variable) t-1 (network variables)

9 2002/2001 2000/1999/1998
8  2000/1999 1998/1997/1996
7  1998/1997 1996/1995/1994
6  1996/1995 1994/1993/1992
5  1994/1993 1992/1991/1990
4  1992/1991 1990/1989/1988
3  1990/1989 1988/1987/1986
2  1988/1987 1986/1985/1984
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Table 2
Descriptive statistics.

Variable Mean Std. Dev. Min  Max

Pubs 1.7642 3.0050 0 53.0
Cites 6.3630 18.3926 0 506.0
Frac pubs 0.6337 1.0933 0 14.3
Direct ties 6.2745 6.8184 1 148.0
Strength dt 1.4534 0.6599 1 10.0
Density 82.7719 30.1232 0 100.0
Structholes 0.4120 0.2952 0 1.0
Eigenvec 0.3438 4.0750 0 101.9
E-I  Index −0.3538 0.7259 −1 1.0
Sing auth 0.1694 0.6775 0 17.0
Int  art 0.7580 2.0038 0 44.0
Past  pubs 2.5619 4.6152 0 69.0
Past  cites 8.2052 23.8579 0 645.0
Past  frac pubs 0.7092 1.4147 0 28.1

Observations 15336
n  = 1704
1  1986/1985 1984/1983/1982

f cites in this window, with the remaining 30% received in the fol-
owing 10 years. The final measure, (frac pubs) adjusts the count of
ublications by summing the inverse of the number of coauthors
f each publication.

To calculate the relevant network variables for the focal
esearchers, we do not look at the contemporary characteristics
f the network, but rather at their immediate past. This means that
e will be assessing how these recent past characteristics explain

uture scientific performance. This approach avoids problems of
imultaneity between outcome and explanatory variables in the
egression, a particular salient issue in network analysis. Yet, we
re still considering the network variables at any given moment
nd for a limited time, rather than the network structure based
n the entire stock of past relations. In particular, the network
ariables for researcher i at time t-1, where t corresponds to the

 year publication window explained above, were obtained from
he adjacent matrixes7 considering information on the publica-
ions during the previous 3 years. For example, if output for time

 corresponds to the years 1999–2000, the network variables used
s covariates will be calculated using the publications during the
eriod 1996–1999. The decision to use the previous 3 years comes
rom the need to balance research projects’ time frame with having
nough observations over time. Yet, for robustness we  also consid-
red an equivalent analysis to the one reported here but using 4
nd 5 year windows. No significant differences were found in the
oefficients of the critical network variables that we are interested
n analyzing.

Thus, nine periods were obtained as is showed in Table 1.
In an effort to isolate the effects of network structures in pro-

uctivity, a number of additional control variables were considered
n the analysis. Considering the large growth in the number of pub-
ications that occurred over the period of analysis (Fig. 1), time
ummies were included to capture time trends. However, it is

mportant to note that including time dummies prevents us from
onsidering researcher age or time since PhD in the regressions
s a control because of collinearity problems. In addition, we  also
nclude a control for changes in researcher reputation. While fixed
nobserved heterogeneity across researchers in aspects such as
ersonal characteristics, PhD training or ability is absorbed by the

ndividual dummies included in the panel structure, it is possible
hat changes in reputation also influence future output. This is rel-
vant because there is a notion that the distribution of recognition
n science is influenced by a “class structure” (Merton, 1968) that is
kewed in a way that favors those researchers who  already have a

eputation. In fact, there is some evidence suggesting that scientific
eputation has an effect on the expected ability to secure research
rant funding (Arora et al., 1998; Arora and Gambardella, 1998).

7 The “adjacency” matrix is a matrix composed of as many rows and columns as
here are researchers, and where the elements represent the ties between actors,
his is the number of joint publications.
T = 9

Moreover, it is reasonable to expect that one or several of the meas-
ures of network structure or relations correlate with reputation.
Thus, in studying scientific productivity, a control for reputation
helps to ensure that greater levels of output would be indeed result-
ing from the social embeddedness the researcher is building, and
are not confounded effects with the reputation developed by the
researchers.

Two  different measures were used to control for reputation: (1)
the number of single-authored papers that the researcher has pub-
lished in the past three years, and (2) the international visibility
by counting the number of articles with a foreign address in the
same three-year window. We  believe that these two indicators are
reasonable measures of reputation since most universities used at
least one of them to give raises and promotions (Tien and Blackburn,
1996; McFadyen and Cannella, 2004)

Finally, we also considered the variables past publications,8 or
past cites because including a lagged dependent variable helps
to control for unobserved individual time variant variables and
for other potentially important, but possible omitted predictors
(Greene, 2000).

4. Results

Table 2 shows the descriptive statistics for the variables. Our
sample of researchers has a mean of 1.8 publications per two  years
with a standard deviation of 3 publications. The average number of
coauthors is 3.35 and the average number of institutions is 2.5. Each
of these researchers received on average 6.4 citations in the next
four years with standard deviations of 18.4. The mean number of
direct ties is 6, and the strength of those ties is 1.5. These figures are
similar to those in Singh (2007), a study that is focused on Biotech-
nology and Applied Biology, where the average number of direct
ties is 4.80 and the strength of those ties is 1.20. However, these
numbers contrast with the study of McFadyen and Cannella (2004)
focusing on biomedical scientists, where the number of relations is
substantially larger (46.5), while the strength of those relations is
lower (1.33). In our study, the average density is quite high (82.8),
while the mean of the structural holes variable is 0.41. However,

given that the sample is large, it is possible that the structural holes’
variable tends to be higher due to the size of the network (Burt,
1998). The mean of centrality is 0.34, which may  seem too low.

8 This measure was done in a 4-year window, instead of 3, to reduce the correla-
tion between direct ties and past publications.
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Table  3
Correlations.

Variable Pubs Cites Frac pubs Direct ties Strength dt Density Structholes

Pubs 1
Cites 0.6952 1
Frac pubs 0.8785 0.5849 1
Direct ties 0.5469 0.4247 0.3291 1
Strength dt 0.2619 0.1824 0.2081 0.1831 1
Density −0.4010 −0.2675 −0.3659 −0.5448 −0.0978 1
Structholes 0.3633 0.2571 0.2546 0.6428 0.0825 −0.7266 1
Eigenvec 0.2647 0.3519 0.1767 0.3260 0.1385 −0.0946 0.0957
E–I  Index 0.0051 −0.0697 −0.0286 0.0681 −0.0226 −0.0471 0.0598
Sing  auth 0.2017 0.1495 0.3964 0.0119 0.0136 −0.1433 0.0366
Int  art 0.4779 0.5592 0.3895 0.5659 0.2891 −0.3732 0.3405
Past  pubs 0.6547 0.5229 0.5577 0.7656 0.4481 −0.5735 0.5007
Past  cites 0.5458 0.6520 0.4659 0.5347 0.3147 −0.3507 0.3203

Variable Eigenvec E–I Index Sing auth Int art Past pubs Past cites

Pubs
Cites
Frac pubs
Direct ties
Strength dt
Density
Structholes
Eigenvec 1
E–I  Index −0.0539 1
Sing auth 0.0255 −0.0063 1
Int art 0.5036 −0.0664 0.1259 1
Past pubs 0.3661 0.0198 0.2924 0.6740 1
Past  cites 0.4617 −0.0759 0.2000 0.7460 0.6946 1
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owever, it is important to note that this is the result of a wide dis-
ersion, with a few people whose eigenvector is quite large (102)
nd a lot that are not central at all. The mean of the external-internal
ndex is negative, which suggests that scientists tend to collaborate

ore with peers within the same area of knowledge. This was to
e expected because of the fields that are included in this area of
nowledge.

Table 3 shows the correlation between our critical variables. As
an be seen, there are high correlations among some variables. In
articular, there is a high correlation between the number of direct
ies and past publications. One could conceive that such high cor-
elation among some of the variables used in the regression could
ause a multicollinearity problem. Yet, it is important to remember
hat, even if that were the case, unbiased estimators would still be
roduced, and this problem would only increase the variances of
he collinear variables (Kennedy, 2003). Therefore, finding statisti-
al significance not only means that we have valid results, but also
hat their true significance levels are probably understated.9

Considering that our use of panel data could be associated with
utocorrelation among variables, Wooldridge (2002, pp 282–283)
ests were performed to be certain that our analyses are not affected
y this potential issue. The results of the tests reject the possibility
f autocorrelation.
Table 4 reports the regressions results of the fixed effects neg-
tive binomial model10 using the straight count of publications as
ependent variable.

9 Different regressions were run dropping past publications as a control variable.
n  particular we were concerned with using past publications as a control variable
ecause of multicollinearity problems with direct ties. The results were not different
rom the regressions where past publications and direct ties were included. So, we
ecided to leave both variables in the regressions shown in this paper. Given that

ncluding a lagged dependent variable reduces omitted variable problems (Greene,
000) we report the results considering this control variable.
10 To addressed the concern that the conditional fixed effects negative bino-
ial does not account for over-dispersion nor does control for any fixed
The results confirm that the relative contribution of each vari-
able is moderated when other network variables are introduced.
The positive effect of direct ties, that would have confirmed hypoth-
esis 1, disappears when other variables are included. The negative
effect of the strength of direct ties, that would have rejected hypoth-
esis 2, also vanishes in the complete model. The negative effect
of density is lightly moderated in the broad model, so that we
could think that hypothesis 3 is confirmed. However, the effect of
structural holes also disappears, so that hypothesis 3 cannot be con-
firmed. The positive effect of centrality and cognitive dimension,
that confirms hypotheses 4 and 5, remains and does not change
marginally.

In all specifications models, single-authored papers is the only
control variable that is significant. As expected, it positively affects
the future productivity of researchers. Surprisingly, international
articles is not significant.

Table 5 reports the results of the fixed effects negative binomial
model now using the number of cites in the next four years of the
publication. Given that the last year of information is 2002; only
periods 1–7 were included.

As in Table 4, most of the impacts of the network variables are
moderated in the complete models (7 and 8).

The results show that when adjusting for quality, the results

change a lot compared to those when the number of publication is
used. In this case, the relational dimension (direct ties and strength
of direct ties) affects positively the quality of research outputs,

unobserved heterogeneity across individuals (Allison and Waterman, 2002), we
run a new model using the “xtqmlp” procedure (available for download at
http://scripts.mit.edu/∼pazoulay/doc/xtqmlp.ado). The results obtained with this
specification were similar in sign and significance to those obtained with a neg-
ative binomial fixed effects estimation. The results could be shown upon request.
For  comparability with previous research on scientific productivity that commonly
employed negative binomial regressions, we  decide to show the results obtained by
using negative binomial fixed effects models.

http://scripts.mit.edu/~pazoulay/doc/xtqmlp.ado
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Table 4
Regressions results for publications.

(1) m (3) (4) (5) (5) (7) (8)
pubs  pubs pubs pubs pubs pubs pubs pubs

Direct ties 0.0068** 0.0037 0.0048
(0.0022)  (0.0025) (0.0025)

Strengthdt  −0.0358* −0.0160 −0.0214
(0.0175)  (0.0135) (0.0134)

Density  −0.0050*** −0.0019***

(0.0004) (0.0004)
Structholes  0.120* 0.0695

(0.0489)  (0.0516)
Eigenvec  0.0058** 0.0061*** 0.0059**

(0.0013) (0.0018) (0.0018)
E–l  Index 0.0776** 0.0685** 0.0735**

(0.0249) (0.0252) (0.0251)
Past  pubs −0.0038 −0.0036 −0.0065 0.0004 0.0013 0.0012 −0.0056 −0.0035

(0.0035)  (0.0029) (0.0033) (0.0029) (0.0028) (0.0028) (0.0038) (0.0038)
Single  auth 0.0353** 0.0270* 0.0897*** 0.0298* 0.0323* 0.0284* 0.0351** 0.0356**

(0.0128) (0.0125) (0.0119) (0.0126) (0.0126) (0.0126) (0.0130) (0.0129)
Int  art −0.0000 0.0021 0.0118* 0.0018 0.0004 0.0030 0.0005 0.0004

(0.0052)  (0.0051) (0.0056) (0.0052) (0.0051) (0.0051) (0.0051) (0.0051)
Cons  2.002*** 2.052*** 1.577*** 1.951*** 2.021*** 2.045*** 2.198*** 2.049***

(0.0700) (0.0726) (0.0539) (0.0736) (0.0696) (0.0707) (0.0787) (0.0800)

Standard error in parentheses
* p < 0.05.

** p < 0.01.
*** p < 0.001.

The regression models include fixed effects by indivicual and time.

Table 5
Regressions results for cites.

(1) P) (3) 1 × 1 (5) (5) (7) (8)
Cites  Cites Cites Cites Cites Cites Cites Cites

Direct ties 0.0250*** 0.0175*** 0.0201***

(0.0037) (0.0043) (0.0044)
Strengthdt  0.0800** 0.104*** 0.101***

(0.0271) (0.0273) (0.0274)
Density  −0.0099*** −0.0039***

(0.0006) (0.0007)
Structholes  0.410*** 0.269**

(0.0805) (0.0911)
Eigenvec  0.0023 0.0037 0.0027

(0.0035)  (0.0034) (0.0034)
E–l  Index 0.0029 −0.0252 −0.0214

(0.0365) (0.0373) (0.0372)
Past  cites 0.0018* 0.0021** 0.0025** 0.0022** 0.0022** 0.0023** 0.0013 0.0014

(0.0008)  (0.0008) (0.0008) (0.0008) (0.0003) (0.0007) (0.0008) (0.0008)
Single  auth 0.0875*** 0.0805*** 0.130*** 0.0809*** 0.0816*** 0.0798*** 0.0860*** 0.0895***

(0.0209) (0.0215) (0.0170) (0.0212) (0.0216) (0.0215) (0.0210) (0.0208)
Int  art 0.0008 0.0164 0.0049 0.0141 0.0185 0.0202 −0.0087 −0.0059

(0.0113)  (0.0109) (0.0111) (0.0110) (0.0112) (0.0109) (0.0117) (0.0117)
Cons  −0.398*** −0.346*** 0.0569 −0.443*** −0.219*** −0.225*** −0.293*** −0.652***

(0.0588) (0.0661) (0.0539) (0.0676) (0.0526) (0.0526) (0.0866) (0.0845)

Standard error in parentheses
* p < 0.05.

** p < 0.01.
*** p < 0.001.

The regression models include fixed effects by individual and time.
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onfirming hypotheses 1 and 2. In terms of the structural dimen-
ion, structural holes has a strong positive effect, confirming
ypothesis 3. These 3 results together are consistent with those
btained by Singh (2007) that uses a worldwide sample of scien-
ists in Biotechnology and Applied Microbiology. Density, as well as
n the case of publications, affects negatively. The positional dimen-
ion, as well as the cognitive dimension, does not have an impact
n the future quality.

As in the case of publications, the single authored papers con-
rol variable is significant in 8 models. Reputation, measured as the
ccumulated number of cites per researcher is highly significant in
he models when each network variable is included in the model.

hen all network variables are included in the model, it is signif-
cant at 10%. These results reinforce the Mathew effect in science
Merton, 1968).

Finally, Table 6 shows the results of a fixed effects ordinary least
quare model, where the fractional number of publications times
011 is the dependent variable. The results, in terms of sign and sig-
ificance, are very similar to those obtained for the straight number
f publications, although they are less significant.

Finally, we also tested for potential diminishing returns in the
umber of direct ties and strength of direct ties, to compare the
esults with those of McFadyen and Cannella (2004). However, for
oth measures of productivity, straight count of publications and
umber of cites in the next four years, we find no evidence of dimin-

shing returns in either the number of direct ties or the strength of
hose ties.12

. Discussion and conclusions

This study looks at how network embeddedness around a focal
esearcher conditions his or her output and impact. We address
his issue using a unique dataset of Mexican scientific publications
n the Exact Sciences area. First, we control for unobserved het-
rogeneity as well as for a set of other critical observables that can
ondition performance, including past reputation. Thus, we explore
ow cross time changes in the network structure of the individual
orrelate with performance. Second, we use objective measures of
etwork embeddedness, thus not sensitive to the subjective bias
hat comes with interviews. Third, we are able to analyze a very
omprehensive network. Fourth, we use different measures of pro-
uctivity. Finally, we incorporate most relevant network metrics
imultaneously in the analysis.

The results offer relevant contributions to our understanding
f network theory and practice, as well as to the specific study of
he dynamics of scientific collaboration. First, in terms of scientific
ollaboration, our study shows that the network dynamics behind
he generation of quality output contrasts dramatically with that
f quantity. We  find that the relational dimension of scientist mat-
ers for quality, but not to output, while cognitive dimensions has
he opposite effect, helping output, while being indifferent toward
mpact. Yet, the most significant result is probably the establish-

ent of some degree of prevalence for brokerage over cohesion
n the role that the structural dimension of the network plays in
erformance. As noted in the introduction and theory sections, this

s a longstanding tension that has not been resolved by the liter-
ture. We  believe our results advance our understanding of these
ensions.

The structural dimension of the network is the only area where

e find some degree of convergence between quantity and qual-

ty of output, even controlling for unobserved heterogeneity across
ndividuals. First, we find a negative impact of density for both

11 To avoid the zero truncation, the variable was multiplied by 10.
12 Results of these regressions are shown upon request. Ta
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easures of output. Furthermore, there is a positive impact for
tructural holes in the number of cites, often considered the most
mpactful output. This implies that non-redundant information
hat comes from brokerage is more beneficial than the coordina-
ion that is obtained in dense networks. This positive impact of
rokerage on cites is consistent with a variety of prior studies (Burt,
992, 2004; Singh, 2007), which suggest that structural holes bring
on-redundant information that benefits output. In terms of the
tructural dimension, we also find that output is affected positively
y centrality, lending some support to the idea that position in the
etwork affects the opportunities of an actor (Hanneman, 2001).
owever, centrality does not necessarily convert in impact, leading
s to conclude that such benefits have some limitation, especially

n terms of quality.
When considering the relational dimension between scientists,

he analysis shows that researchers who invest resources in having
any and frequent ties are able to generate greater impact, albeit
ithout a significant gain in the number of publications. This sug-

ests that the breadth and depth of personal relationships scientists
evelop with each other through the publishing effort might indeed
ring a diversity of good ideas (Burt, 2004), which results in higher
uality publications. On the contrary, collaboration across disci-
line boundaries, a cognitive dimension, is associated only with

ncreased output. This could be the result of a growing division
f academic labor (Adams et al., 2005), which may  require inter-
isciplinary and multidisciplinary collaborations. Bridging across
ommunities gives researchers ideas and resources for new papers,
ut these do not necessarily capture sufficient attention from the
ifferent communities and thus do not receive as many cites.

Our results also bring interesting new perspectives to estab-
ished notion that collaboration in research is important and should
e promoted (Katz and Martin, 1997). Consistent with most existing
ork, we also conclude that the social embeddedness that results

rom scientific collaboration matters. Yet, our research advances
eyond existing work by providing particular insights on how ini-
iatives to foster research collaboration can take into account the
elational, structural and cognitive dimensions of social capital. In
articular, our results suggest that relational efforts (greater num-
er of coauthors, stronger bonds) matter for impact, albeit they
ill not be helpful in terms of sheer output. This finding also pro-

ides a novel and more precise perspective on the long-established
otion that high level-impact science needs some degree of critical
ass (Stephan, 1996; Gonzalez-Brambila and Veloso, 2007). In the

uture, when considering actions toward developing critical mass,
ather than focusing on the amount of active scientists, which is
he more typical perspective, decision makers may  want to con-
ider instead what supports the establishment and deepening of
he relational dimension noted here. Similarly, the research also
ighlights an interesting tradeoff on the role of interdisciplinary
ork (Katz and Martin, 1997) and network centrality. While bridg-

ng disciplines and moving toward a central position contributes
o output, the result seems to have less of an impact on the pro-
ession. Overall, our work shows there is a clear trade-off between
uality and quantity in research productivity when investing and

everaging network assets.
Our work also makes a contribution to our understanding of net-

ork theory and practice. Our results support the notion that one
hould adopt a contingency perspective when studying the impact
f network embeddedness on performance (Phelps et al., 2012). On
ne hand, the relative contribution of each variable is clearly mod-
rated by other network variables (Singh, 2007; McFadyen et al.,
009). In fact, the impact of some of the variables disappears alto-

ether when other critical variables are included. This moderation
ppears to be particularly salient in social embeddedness, with
xplanatory variables for tie strength or depth having statistical sig-
ificance when considered individually, but losing this significance
ch Policy 42 (2013) 1555– 1567 1565

when including a broader set of network covariates in the statisti-
cal analysis. On the other hand, the various dimensions of network
embeddedness have different effects depending on the indicator
of performance that is used (Gonzalez-Brambila and Veloso, 2007;
He et al., 2009). The relational dimension of network embeddeness
appears to be important and stable when considering creative or
insightful output, which we equated to citations measurements.
But it does not matter for run-of-the-mill results, where structural
and cognitive variables play the more significant role. Perhaps not
surprisingly, structural variables play a more consistent role across
performance variables.

Our results also offer a different light on the validity of the argu-
ments on the roles that network embeddedness play in individual
performance. The various inputs of network embeddedness influ-
ence the quantity and quality of outputs in a diverse way. These
results help explain the range of results of previous empirical stud-
ies in network embeddedness, which typically do not consider a
range of output variables. They also provide specific implications
for future work. By contrasting how the various network embed-
dedness dimensions condition more creative or impactful output
vs. routine results, future research could help validate our results
and develop a more stable contingency pattern in terms of how the
nature of the network impacts research output and impact.

As expected, controlling for single authored papers is important.
Although there has been an increase in collaboration and aca-
demic team size over the last years (Adams et al., 2005), this study
shows that the most productive and collaborative researchers are
also those more likely to publish single authored papers. Surpris-
ingly, international collaboration seems not to affect significantly
future output and impact, as other studies have found (Singh, 2007;
Lee and Bozeman, 2005; He et al., 2009). One possibility is that
researchers who are publishing in ISI journals, a criteria for observ-
ing output in our study, are also those with consistent international
collaborations, such that we  do not have much cross time variation
to explain performance changes; the gaps between faculty are per-
sistent and thus absorbed by the fixed effects. However, because our
study only controls for international visibility and we do not have
the characteristics of any international links, it is hard to provide a
good interpretation for this result.

This study has also limitations that may  condition our results
in certain ways. First, an aspect that could be confounded with
the effects of changes in networks variables on the productivity
of individuals is individual affiliation. In countries with researcher
mobility, changes of institution would be driven by past success,
as well as the expectation of increasing productivity. But when
they move, the new location allows dramatic changes in the envi-
ronment to which they are exposed, affecting their collaboration
networks. This could lead to reverse causality on the assessment of
the impact of particular network variables on researcher produc-
tivity. But in Mexico there is almost no mobility and there are no
formal rules of collaboration. As a result, one could argue that this
study enables better control for these issues than an alternative one
using comparative data from the U.S. But, on the downside, it can
also be considered that our sample does not capture how significant
changes in the network embeddedness of individuals conditions
performance. Second, co-publication is not an exhaustive measure
of collaboration; there are more products of collaboration than joint
publications in ISI (Katz and Martin, 1997). In addition, it is possible
that researchers give co-authorship to some scientists just because
they work at the same laboratory or they share some equipment
(even if they do not contribute much to the work), so that the anal-
ysis of co-authorship might not reflect the actual relationships in

academic networks (Stephan, 1996).

Not less important is the fact that network embeddedness is
very difficult to measure because it has many and varied compo-
nents, some of them intangible. This study has not considered all
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he relationships that someone could have and that could affect, to
ome degree, their future output and impact. For example, interac-
ion with students could be a valuable source of novel information,
nd that interaction might not always end in a joint publica-
ion. Moreover, only quantitative variables to proxy for network
mbeddedness are used, without including the wide range of social
henomena than involves human relationships. Also important is
he fact that we are not taking into account the pathways by which
etworks are formed and the motivations behind their formation.
hese are important factors that could lead to a better design of
etworks that promote productivity.

Another limitation of the study is that it does not include the
osts associated with network embeddedness. The benefits related
ith future productivity should be weighed against the costs of

ollaboration itself, and the costs of managing and maintaining the
ifferent dimensions of social capital.

Finally, it is acknowledged that network embeddedness could
e very different depending on the specific area of knowledge.
lthough we tried to minimize this problem by considering one
road area of knowledge, the main conclusions of this study may
ot apply equally to all fields of knowledge. The other relevant
onsideration is that, although it could seem that all Mexican
esearchers have the same incentive to publish, since the SNI sys-
em is open to every researcher, in Mexico, as in the rest of the
orld, the productivity of researchers is highly skewed. A future

ine of research could analyze specifically the differences in the
etwork embeddedness of highly productive researchers versus
hose who are not, including differences in areas of knowledge,
nd exploring how international collaboration could affect future
utput and impact.

In summary, while the results of this study should not be consid-
red completely conclusive, given the limitations stated above, we
elieve that the work offer some relevant insights. The most signif-

cant result is the establishment of some prevalence for brokerage
ver cohesion in the role that the structural dimension of the net-
ork plays in performance, a longstanding tension in the literature.

econd, the study highlights how the characteristics of network
mbeddedness play different roles depending on the measure of
roductivity. Paper outputs seem to be most helped by non-dense
etworks, being central and collaborating with researchers from
ifferent areas of knowledge. However high impact can be achieved
hrough more and frequent collaborations, and environments rich
n structural holes. Third, this study shows that when different
imensions of network embeddedness are included, the positive
ffect of most network variables diminishes or vanishes, suggest-
ng that it is possible that other studies have tended to overestimate
he isolated effects of the different dimensions of social capital.
he results of this study could help policy makers and university
dministrators to designate resources to stimulate certain charac-
eristics of network embeddedness instead of promoting all kinds
f collaboration.
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