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Abstract. This paper focuses on the way institutions invdlve scientific
collaboration deal with geographic and institutiogigtance. Geographic distance
refers to the location of research collaboratordiiffierent places, institutional
distance refers to the diversity of institutionsonhresearch collaborators belong
to.

There are both barriers and advantages to oversantedistances and the balance
between such costs and benefits may induce instisito consider institutional
and geographic distance as substitutes; therefomade-off between them is
possible. As both institutional and geographicatise in research collaboration
may be related to the nature of the exchanged ledwe, the effect of the nature
of the research (if basic or applied) on the traffas also considered. Besides,
the relationship between the two kinds of distarecdikely to depend on the
frequency of collaborations, therefore the “stéyilof relationships is also taken
into account.

The phenomenon of collaborations among differenstitutions (firms,
universities, hospitals and research centres) e gbrough the lens of co-
autorship of scientific publications in the Italicned” biotech sector.

As empirical tools, we adopt some indexes builthe context of the social
network analysis (the E-l index and the equivaleogefficient) but previously
used in different applications. The social netwartalysis is complemented by a
regression analysis.
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1. Introduction

The importance of networks built by firms in ordercreate internal and external
knowledge flows so as to create knowledge has edely stressed, especially in
high tech sectors.

From this perspective, the dynamics of firm growatid competitiveness results
from the quality of interactions and coordinatioithin their networks as well as
from the interactions with external networks.

The way in which firms build and manage networksesfearch collaboration is
an important issue to study in order to both gaimedter understanding of
innovation processes and to highlight policy imglions, especially in a country
like Italy, which is lagging behind in terms of mvation and high-tech sector
development (European innovation scoreboards).

Many studies underlined that distance among agsnéscrucial dimension in
shaping research network: we try to increase tlmvledge of research networks
analysing how institutions deal with geographic ansititutional distance: we
observe, in the lItalian “red” biotech sector, wihkatd of relationship exists
between this two kinds of distance and we try tdasstand if such relationship is
related to the nature of exchanged knowledge andhéo stability of the
interactions among agents.

The importance of the geographical extent of retehips in research networks
has been widely stressed. According to Katz (19§ddgraphical proximity
renders collaboration more likely, due to the sctipeeduce the additional travel
cost and time involved that are impediments toatutation. Indeed this argument
has become weaker, because of the improved andp@&heaansportation
possibilities and the rise of ICT, but this will tnionply the so-called “death of
distance”, as geographical proximity still remaingportant for innovations for
several aspects, relates to the face-to-face dsn{gwans, 2011). If geographic
proximity is an advantage for the institutions itwem in a collaboration process,
geographic distance is conversely a barrier, tbheedaf implies a cost.

On the other side, high and specialized competsnoigay be found in distant
partners, even outside national borders: overcom@ugraphic distance, in such a
case, implies a benefit:

In the debate about its costs and benefits, thgrgpbic distance has usually
been considered with no reference to other kinddigthnce. But recent studies
have underlined that geographic proximity can beyvienportant in a more
indirect way, as it lets to overcome possible diffiies deriving from institutional
distance. This term refers to the fact that retestiops between different
institutions will have to overcome possible diffeces in culture, norms, values
and rules. Such kind of institutional distance ¢glly arises in academic-company
or academic-governmental collaboration, where tbffe motivations and aims in
doing research exist (Ponds et al 2007). According Boschma (2005)
geographical proximity can compensate for the takstitutional proximity, and,



reversely, institutional proximity facilitates imgetion over long geographical
distances.

Such kind of relationship may be understood if wasider that, like geographic
distance, institutional distance implies costs aedefits too: the differences in
norms and values are barriers to overcome, therdfi@y imply costs; on the other
side, the institutional variety allows firms to teamore knowledge, confronting
varied knowledge bases. We may conclude that aolaing with “distant”
partners may be fruitful, but costly; collaboratwgh a close partner may be less
fruitful but cheaper: an economic choice has taltwe. An easily understandable
strategy for an agent is trying to obtain more fienencreasing one kind of
distance in collaboration, reducing another kindlistance. Therefore a trade-off
between geographic and institutional distance nxast.e

In discussing the choice of innovative agents imgeof distance, the nature of
exchanged knowledge cannot be neglected: manyashdke Gittleman (2007),
and Brostrom (2010), report that basic researchm&nly conducted at an
international level, while applied research is mimeally focused. As concerns
institutional distance, in the sector we are anatysred biotech, institutional
variety in applied research is necessary becausheohecessary relations with
users, which are in our case hospitals. Howevétioaships with users also exist
at earlier stages of the R&D process, in orderientate research towards specific
users’ needs (specific diseases, specific treasheint fact a new feature of our
research is to consider not only usual researdhtutisns like universities and
research centres, as Ponds et al. (2007) do, sotuslers, specifically hospitals,
which are also involved in the research procedsatéch firms.

In our analysis of geographic and institutional talige the stability of
relationships is another aspect to keep explidgittp consideration. The above
considerations about costs and benefits related digtance imply that
collaborations may have different degrees of dtgbdt different geographic
scales: as a collaboration with a distant parimgty high costs, it will be rarely
repeated (this is what D’Este and lammarino (204/03erve about geographic
distance). As a consequence of this, if we shift aoalysis from the whole
networks of collaborations to the more stable oties relationship itself between
geographic and institutional distance may change.

We observe the phenomenon of research collaboraiwalysing the co-
authorship of scientific publications in the Italia“red” biotech sector
(biotechnology applied to life sciences).

The methodology is based on social network analgsi the use of specific
indexes which, to our knowledge, have not been useithis type of research
beforehand. The indexes are both the E-I index, ttemsures the homogeneity of
links in a network, which we apply to our case duhapit to weighted networks.
and the equivalence coefficient, that measuredrégeiency of links between two
subjects, relative to their total number of links.

In addition, the results of the social network geel are checked using
regression analysis. This paper contains theraforevations both in terms of
content and methodology: the issue of the relatigngetween geographic and
institutional distance is analysed taking extergiveto account factors like the
nature of the exchanged knowledge and the frequehdelye collaborations; the



issue is studied using indexes already existingused in different context and
adapted to this purpose; a regression analysisrfermed in order to complement
the social network analysis.

The paper is structured as follows. The secondoseptovides literature review
and an outline of relevant questions to be explaredhe paper's empirical
research. The third section presents the datagwihd fourth section explains the
methodology. The fifth section presents the resoftshe empirical analysis,
together with a synthesis of main results.. Lashg,sixth section concludes.

2. Literature Review and Relevant Issues of Analysis

In the science-based sector relationships with ersities or other public and
private research centres are particularly impoytanorder for them to access the
new knowledge that is constantly emerging (Gittleraad Kogut, 2003; Powell et
al., 1996). Especially in the biotech sector thmplexity of the knowledge base,
together with the high uncertainty of research #rel small size of most firms,
induce them to create dense collaborative netw@&svell et al., 1996).

Giving the strong polarity of innovation activitigbung, 1997; Puga 1999,
Lallement et al 2001) many authors have stressedntportance of geographical
proximity to collaborate, considering local proxiynas the most favourable place
for innovation through collaborations. The reductimf travel costs, the
development in communication technologies have ggstreduced the costs of
collaborating with distant partners, but for margpects geographic proximity
remain important in the innovation process: takitowledge may be exchanged
only with to face to face interaction and persaaitacts at local level are easier
(Katz, 1994; Liang and Zhu, 2002; McKelvey et aD03); geographic proximity
results in higher spill-overs (Amin and Wilkinsdr§99; Jaffe et al., 1993; Anselin
et al. 2000; Audretsch and Stephan, 1996).

On the other side, Malmberg and Maskell (2002) shbat long-distance
relationships allow higher variety in the knowledugese; lorio et al. (2012) show
that papers’ citations, therefore scientific qualitrise with international
collaboration. Therefore geographic distance maldycosts but they may be
compensated by high benefits in terms of innovatiwhich might occur when
long-distance relationships allow to both widen theowledge base and
collaborate with highly competent researchers.

This appealing and evolving framework explains #@@undance of recent
literature on the geographic distance. But in regears, beyond the geographical
dimension of distance, a great attention has lwkmted to the institutional
distance as a determinant key of creation of afidisibn of new knowledge.
Boschma (2005) relates institutional distance te fact that interaction are
influenced, shaped and constrained by the ingsiitati environment. Institutional
proximity means that the transmission of knowledgay be facilitated by the
presence of common institutional framework, themfoommon culture, values
and norms. Institutional distance therefore imptiests, that may be attributed to



control loss (the higher the institutional varigtye more difficult it is to control
the output of research) and to difficulties of aination.

On the other side, the institutional variety alldfivens to learn more knowledge
(confronting varied knowledge bases) and to in@dhe speed of innovation (for
instance, the direct contact with users like hadgpienable to orientate research to
specific users’ needs). lorio et al. (2012) shoat thstitutional variety appears to
generate more scientific advance in the biotectos¢see Bonaccorsi and Thoma,
2012 too)

We may conclude that both geographic and instivaliolistance imply costs and
benefits: if a certain degree of substitutabiligtveeen the two forms of distance
exists, it is clear that decisions about the twallof distance cannot be considered
separatel§

In fact Boschma (2005), who identified five kind$ mroximity (cognitive,
organisational, social, institutional and geograplistated that the impact of one
type of proximity must be examined in relation ke tother types. Even Autant-
Bernard et al (2007) evidenced that the proper anhpE the geographical
dimension must be more precisely assessed inaeltdiother types of proximity,
such as institutional one.

Therefore many scholars analysed the existingioelstiip between institutional
and geographic distance. According to Boschma (R@@5graphical proximity
can compensate for the lack of institutional pragmandvice versaPonds et al.
(2007) show that research collaborations betweéferent institutions is more
likely over short distances, because the sharing @dmmon local labour market,
the access to local funds and mutual trust induogdnformal contacts and
interaction helps overcoming the difficulties cezhby institutional distance. Thus
researchers in firms and in universities have dbffé incentive structures but
geographical proximity helps to reduce their ingittnal distance.

Evans et al. (2011) show that academic scientisthe social sciences tend to
prefer intra-institutional collaborations; when yheeek for collaborators from
other institutions, they tend to select collabarsito close geographic proximity:
there is evidence of a trade-off between instindloand geographic distance for
academic researchers.

However, an alternative view is possible. It magoabe assumed that frontier
research requires highly specialised competentias dre very dispersed, both
from a geographic and an institutional points ofwji therefore a firm doing
research at the frontier might activate an inteomal and heterogeneous network
of collaboration. In contrast, if the knowledgenmre ‘ordinary’, a firm might
prefer activating a local and homogeneous netwswlkthat we might expect local
networks to be more homogeneous than internatmmes. If this view is correct, a

! See Bouba-Olga et al. (2012) for an exhaustiveerewdf costs and benefits deriving from spatial and
institutional distance

2 |Indeed different institutions are not perfect sitbtes, as each of them has specific competencies,
embodied in the single individuals and in the reseg@roups. Therefore a partner is identified ndy dy its
spatial and institutional distance but also (andhaes mainly) by its peculiar knowledge. These
considerations warns the scholars, who desire udyshow the institutions that collaborate in sdifent
research deal with the spatial and institutionatatice of the partners, from each easy generalizafi the
conclusion deriving from their observation; anywiagoes not prevent them from searching some reigjea



trade-off between institutional and geographicatise should arise only among
low-quality research projects, while among high liqygprojects a relation of

complimentarity prevails. lorio et al (2011) findmse evidence of this kind of
relationship, assuming papers’ citations as a nreasfiproject quality.

Other factors that may influence the relationshgiween institutional and
geographic distance are the type of exchanged laumel and the phase of R&D
process.

Many scholars studied the relationship between elvdR&D and geographic
distance. In the life science industry, geograghpcaximity has been shown to
have different importance at different stages ef R&D cycle. In biotech, long-
distance relationships are more likely to be foduse earlier stages of the R&D
life-cycle (Feldman, 2000; Mariani, 2004; Gittlem&007), while in engineering
geographically out-stretched linkages are mordylike be focused on the middle
phases of the R&D life-cycle (Brostrom, 2010).

Other studies focused on the relationship betwebase of R&D and
institutional distance. Evans (2011) argues thatdamic researchers with industry
ties are more likely to publish less, to divulg#teir research and methods to a
lesser extent. Firms are therefore more likely otlaborate in research with
academia at less applied stages of research, mondief knowledge, where
commercial value is less immediate.

As mentioned above, institutional distance may ym@lcontrol loss; indeed,
control loss is a particularly important problenn foms investing in R&D, since
they risk not taking the returns from their invenmti Institutional variety is
therefore likely to regard early stages of the watmn process, namely basic
research and frontier knowledge.

Gittelman (2007) tries to relate these aspects romprehensive view. She
shows that biotech firms engage both in dense megieelationships and in long-
distance relationships in their learning procesand, that local relations are more
conducive to innovation than long-distance ones iifain reason for the higher
effectiveness in terms of innovation of regiondatienships is that they are more
institutionally varied. Long-distance relationshifend to be less institutionally
varied, because of both the costs involved intusbinal variety and the nature of
knowledge flows, since long-distance relations app® be focused on basic
research while short-distance ones concern mordiedppesearch. As a
consequence, long-distance relationships are fdcasebasic stages of research
where scientific impact is a key driver.

These considerations makes it clear that, in amaly the institutional-
geographic trade-off, the nature of the knowledge to be taken into account But
going into details in the analysis of knowledgesxdremely difficult, due to the
particular characteristics of knowledge. Knowledgéeterogeneous, difficult to
observe (especially tacit knowledge which is incogbed into thoughts and
actions) and no model exist that can relate inpat$ outputs in the knowledge
creation process (David and Foray, 2001).

This paper makes a distinction, partly followingol&t (1994), between pure
basic research, which does not have any practigglose, and basic research



aimed at subsequent application fields. Biotechgiel are aimed at subsequent
applications to improve human health, especiallyemnvhdeveloped in the
biomedical field.

In biotechnology, the frontier between basic anpliad research is blurred and
the distinction between basic and applied resehashto be made with caution.
For instance, finding a new DNA sequence is basearch that however can have
direct applications to the development of new med& or new treatments.
Precisely because the frontier is blurring, biotéicms are more likely to have
interest in participating in basic research, pdgsiith other research centres or
universities. We can expect that biotech firms wéliry out more basic research in
international networks, which they publish in s¢ien journals to raise their
reputation in the scientific community, while amgaliions of these basic findings
will be studied more locally. In addition, in theotech sector both basic and
applied research might require institutional varieAt basic research level,
collaboration with universities and research centtes been shown to be
important for firms (Gittleman, 2005, 2007) in order them to know the precise
requirements in terms of new diagnosis or treatmeft applied research level
institutional variety might also be important besaufirms test their new
biomedical products collaborating with users, esdlgchospitals.

A last factor that has to be taken into accounpaientially influencing the
relationship between institutional and geographigtatice is the frequency of
interactions. D’Este and lammarino (2010) find thtdte frequency of
collaborations between university and industry egatively related with the
geographic distance of the partners. In other wordsllaborations with
institutionally distant partners happen more raiélgeographic distance is high
too: as distance implies costs, there will not benatiplication of costs with
repeated interaction with distant partners. Theeefmore frequent interactions
will happen with closer partners, but this tenden@y assume different intensity
at different geographic scales; this may imply tthat scale, even the direction of
the institutional/geographic relationship may chan§ we consider different
degrees of frequency of collaboratidns

At the end of this literature review, we may sumisgthe main findings:

1. many scholars identify a trade-off between gaplgical and institutional
distance;

2. basic research generally implies long-distaratkaloorations, applied research
implies more local collaborations;

3. in many scientific fields, and particularly imet biotech sector, both basic and
empirical research may require institutional variet

4. the nature of the research (basic or applied)y miuence the geographic/
institutional trade-off;

3 Other factors may be identified as important inpsh@ the the geographic distance aspect of the
collaboration network. For instance, D’Este and rnarino (2010) themselves and Evans et al. (2011)
underline the importance of research quality inpghg the geographic distance aspect of the col&thmor
networks.



5. more frequent collaborations involve little diste between institutions;
6. the frequency of collaborations may influence teographic/ institutional
trade-off.

In some cases these conclusions are not unanimaocsgpted (1) or have been
little analysed (2, 5); in other cases the retaiops, if existing, are not clear in
their direction and intensity (3, 4, 6): the follmg empirical analysis has the aim
to shed more light on them.

3. Data

We observe the phenomenon of research collabor#ti@mugh the lens of co-
authorship of scientific publications in the Italia“red” biotech sector
(biotechnology applied to life sciences). Co-aushqy networks have been widely
used in the analysis of scientific collaboratiordifferent disciplines (Barabasi et
al., 2002; Newman, 2004; Powell et al. 1996). Theeeh sector is particularly
suitable for such kind of study, as it is charaztst by a complex knowledge
base, where the sources of expertise are widebeied and network relations are
frequently used to access and to exchange this lkedge (Powell et al., 1996). In
this science-based sector relationships with usities or other public and private
research centres are particularly important, irenfdr them to access to the new
knowledge that is constantly emerging (Gittlemad Kogut, 2003; Powell et al.,
1996). In addition, most firms in the biotech sectaat least in Italy — are in the
biomedical field, where relationships with usersirofovation, namely hospitals,
are particularly important, not only in the apptioa phase but also in the research
phase. In fact, many firms in our sample do coltat® with hospitals in the
research phase and publish scientific papers tegethh researchers working in
hospitals, in order to target research to the $ipgmioblems faced by this type of
institutions.

Our focus on the biotech sector also allows usstume that other dimensions of
distance are small in our case. Researchers at fbaote and universities, or
research centres or even users such as hospitalsecassumed to share the same
knowledge base, although with some slight diffeesnso that cognitive distance
is very small. In addition, we assume that orgditeal and social distance are
very small in this sector, since researchers amdd in the same ‘epistemic
communities’ (Gittleman, 2007).

Given that cognitive, social and organisationatafise can be assumed small, we
can focus on geographical versus institutionabdise.

The focus on firms’ scientific publications inewty excludes other forms of
research collaborations, such as joint researcleading to scientific publications
(but possibly a patent), joint research projecariced by governments, exchange
of researchers or other informal forms of collabiores (for instance, see Landry
et al.,, 2007, for a review of the various formskoiowledge transfer between
universities and industry). We are aware of tmstition but our focus allows us



to only consider collaborations yielding a scigntdutput, that is recognised in the
scientific community thanks to the publication icentific journal. However a
large ratio of even formal collaborations ends joiat paper (Gittleman, 2007)

Given the focus of the paper, the empirical analisiperformed at institutional
level. We are interested in the relationships betwmstitutions but we assume,
like other works in the literature (for instanceiti®man, 2007; Brostrom, 2010),
that linkages are mediated by personal contact&ther words, firm members
relate to members of other organisations. Henceiseedata on co-authorship of
scientific papers and the institutions authors bhghwm.

More precisely, we record both the number of awhand the number of
institutions for each paper and distinguish betwientype of institution — using
four categories, namely firms, universities, reskaentres and hospitals — and the
geographical location of the institutions — witlufdevels, namely regional, Italian
but extra-regional, European and extra-Europeanr @istinction between
institutional types mainly results from the type m#search conducted in the
different institutions and from their peculiar geafirms and hospitals conduct
mainly applied research but firms have profits &ondpitals have people’s health
as their specific goal; universities and reseamfitres conduct both mainly basic
research and both have the advance of knowledgleeasgoal, but diffusion of
knowledge, through teaching at various levelspicgic of universities only. All
academic institutions are included in the ‘univigfstategory, while all research
centres which are not academic in their scoperafeded in the other category.
Since private universities or research centresvarg few in Italy, we do not
distinguish between private and public academititii®ns. The same applies to
the hospital category where we include both pudiid private clinical institutions.

The data we use are all publications recorded ANBb of Sciences where an
Italian biotech firm is indicated in the authorsidaesses. Our list of biotech firms
is derived from a census realised by D’Amore antiovia (2008). We have 306
life-science for profit firms.

We obtained information about publications of tleested firms across the
period 2003-2005. The record of each publicationi3ttWeb of knowledge
reports, among other kinds of information, the narhéhe authors and the name
of the institutions the authors belong to. We eoted all the publications where
the name of at least one of the selected firm&gitdife-science for-profit biotech
firms) appeared among the institutions of affibati

115 of the considered firms made at least one gaifobn recorder in ISI-Web of
knowledge during the period 2003-2005. The totahber of publications is 1053.
The total number of the affiliation institutions tfe authors is 900; there are 218
universities, 289 hospitals, 134 researcher centwad 114 other firms. The
institutional co-operation in publication is veryequent: in 918 on the total
number of 1053 publication (87.18%) the authorsobglto more than one



institution (in the others 135 publications theyomistitution of affiliation is one of
the biotech firms). The average number of institsi per paper is 3.43.

Basing on this data, we built the network of coeasitip: the institutions the
authors of the publications belong to are the naddise network.

In order to analyse the impact of spatial distanee divided the papers in four
categories: Italian regional papers (all the instins the authors belong to are
located in the same lItalian region), Italian extrgional papers (all the institutions
the authors belong to are located in Italy, buleast two of them are located in
different Italian regions), international Europepapers (at least one of the
institutions the authors belong to is located imdpe, but there are no institutions
located outside Europe) and international Extraspean papers (at least one of
the institutions the authors belong to is locatetside Europe). In our analysis we
exclude papers written not in collaboration (wntiey authors belonging only to
Italian biotech firms), therefore we have 918 papé&mong these, 149 (16.4%)
are lItalian regional papers; 401 (43,7%) are Itaketra-regional papers; 202
(22%) are international European papers; 166 (18%) international extra-
European papers. Basing on this classification,ob&ined four sub-networks,
including all the papers of each categories.

The four described groups of papers are clearlyjfedcaccording to the
geographic distance: in the regional group we hHaeesmallest distance among
the institutions; the distance increases in theaerdgional group, then in the
European group; in the extra-European group therthe greatest distance. Of
course, this is true on average, while some indadiégdxceptions are possible: two
institutions, to whom the authors of a paper belongy be both inside one of the
four territorial domains but may be more distardgrtliwo institutions located in
two different domains. Indeed, in our data the problem is negligible & w
compare lItalian regional and extra-regional groopgapers and if we compare
European and extra-European groups, while it haseselevance only comparing
the Italian extra-regional group and the Europearug nevertheless, it is not so
serious to limit the results of our analysis

Besides, it has to be observed that in our disandhe national border has a role
and this generate a linguistic, legislative, peghapltural characterization and
homogeneity of each group of paper: all the papérthe regional and extra-
regional group are characterized by the fact tadiah is the common language of
all the authors (except the rare case of foreigthas belonging to Italian
institutions), and that all the institutions areggukated by the same laws and
perhaps by the same “culture”; in all the papersth&f European and extra-
European group the authors do not have Italianoasmn language (except the
case, a bit less rare than the previous, of Itafielnolars belonging to foreign

4 A more detailed description of the biotech seavbithe data and more statistical information meyfdund

in D’Amore, lorio and Stawinoga (2010).

® For example, a paper written by authors belongintpé University of Milan and Palermo is an Italiexira-
regional paper, while a paper written by authoteriging to the University of Milan and Zurich is an
European paper: the geographic distance is highthei first case, while, on average, the distaacesmaller

in the extra-regional domain then in the Europeaa) o

5 we calculated, for each paper, the distance betwleenwo most distant institutions whom the authors
belong to. Considering a threshold of 600 kilongt®8 extra-regional papers (14,46% of all extaenaal
papers) are above this threshold, while 25 Eurompegers (12,37% of all European papers) are utnier t
threshold: considering a threshold of 700 kilomgtre figures are 16,83% (58 papers) and 10,226 (4
papers) respectively. If the distinction in temmigh domains perfectly reflected a geographic scaleh figure
should be 0 for at least on of the two groups. &Hagires demonstrate that such problem existst isinot
severe.



institutions) and Italian laws as regulative systeraither the culture inspiring
individual behaviour is common.

These considerations induce us to consider asqgbkrigppropriate, to evaluate
the effect of geographic distance, the comparisetwéen regional and extra-
regional papers and between the European and Extapean papers, while the
comparison between extra-regional and Europearr pegeels more caution.

Similarly the regression analysis does not adopbrtinuous measure of the
physical distance, in order to better compare #wilts of the regression with
those of the social network analysis.

We also control for the research level (basic gliad) of the publication. The
classification has been built by adapting a metlaglodeveloped by Lewison and
Paraje (2004) (see lorio, Labory and Paci, 201 dietails). We obtained 439
baisc papers and 339 applied ones; the other Jg€rpare of a “mixed” nature.

4. M ethodology

The starting point of the empirical research is ¢benputation of an affiliation
matrix Z of size (n x m), which is represented by a bipadraph with two sets of
nodes for institutions and publications and lingsrecting institutions and papers
written by the institutions. In the matrikthe generic elememi, j) (i =1, ...,n; |
= 1,..., m) equals 1 if the papgr was written by the author affiliated to the
institutioni and O otherwise.

Subsequently, to obtain a collaboration networkclvhis viewed as a social
relationship between authors and can be represehtedco-authorship in
publication, an adjacency matrW (n x n ) is calculated from the affiliation
matrix Z by the product:

w=zzZ",

The matrixW is an undirected weighted adjacency matrix, whbgevalue of
the elemeniv(i,j) represents the number of co-authored papersnktitutionsi
andj. If two institutions have no common publicatiore thntries are equal to 0.
The diagonal elements represent the total numbepulflications for each
institution. If we are interested in taking intocaant only the presence and
absence of ties we have to transform the mafvixin an undirected binary
adjacency matriA by setting all entries greater than zero to 1 mmdoving the
diagonal elements.

The E-I index proposed by Krackhardt and Stern 1@8uld then be computed.
This index measures the relative homophily of augravhile comparing the
numbers of ties within groups and between grouplsitas defined by :

E-l index = (E-I) / (E+I)

whereE (External) is the number of external ties (tiesMaen nodes belonging
to different groups);l (Internal) is the number of internal ties (tiesviEen nodes
belonging to the same group). TRel index can be applied at three levels: the
entire population, each group, and each individuakanges from -1 (all ties are
internal,E=0) to +1 (all ties are externakO0).



In our case the groups are the four kinds of ustibs. A co-authorship relation
between two hospitals indicates a collaborationhiwitthe same institutional
group, therefore it is an internal link. A co-autstap relation between a firm and a
university is a collaboration between two differemtitutional groups, therefore it
is an external link. The value of E-I index is aasare of the mean propensity of
each institutional actor to collaborate with a felient” actor rather than with a
similar one. therefore it may be considered a blgtaneasure of institutional
distance’

The strength of collaboration among different ingibns was analysed using the
information about collaboration frequency and farcgn the weighted adjacency
matrix W. In addition to relational information a categalicattribute was
associated with each node, based on the type wfuinen (universities, research
centres, hospitals, firms).

The co-authorship frequency was normalised takimgnumber of publications
of each institutions into account, in order to avbasing the assessment of the
strength (intensity) of collaboration between twatitutions by only calculating
the number of papers in common (co-authorship #aqy). For this purpose a
similarity index was used, namely the equivalengefficient (EqC), defined by
Michelet (1988). This index has been used to ndmadrequency in co-word
analysis (Polanco, San Juan 2006; Van Cutsem, 198dgording to the
equivalence index, the degree of co-authorship éatvmiwo institutions, i and |, is

defined as:
EQC(i j)=w(i j)?/w(i,i)*w(.j).

The elementv(i,j) represents the number of papers written by irigiita i and j;
thew(i,i) is the total number of publications of institutiorSince this coefficient
is based on the product of conditional probabgitié the number of papers written
by an institution knowing the number of publicasoof the other one, it has an
easy interpretation in terms of probability theory.

The value of this coefficient can range from O tantl is maximized for pairs of
institutions which collaborated in all papers tlvepte. According to this index, a
“weak” co-authorship relation between two instibuis i and j exists if the value of
EQqC(i,j) is close to 0. A “strong” relation will be obsedvié EQC(i,)) is close to 1.

For the purpose of the joint analysis of the foumportant aspects of
collaboration (spatial distance, institutional drste, “strength” of the links,
content of the paper), we empirically investigateatvhappens to the different
networks if the ties of different strength (from macoccasional to more stable
relations) are removed. The cut-off value is thiathe equivalence coefficient,

" Institutional distance does not have a universatigepted measure: the literature generally asstinags
there is institutional distance if two or more ihgtons of different kinds collaborate and thesend distance
if the collaborations happens between similar fastns. In order to provide ranges of institutibdastance
beyond this ‘yes or no’ measure, this paper assumasthe institutional distance increases if, éach
collaboration or for a network of collaborationkette is an increase in the ratio of heterogeneiokades
(between institutions of different types) over th&al number of linkages. An index perfectly copesdent to
our definition would be E/(E+1), while the E-I inxlés equal to (E-I)/(E+l). Nevertheless these twdexes
are perfectly correlated, so for our purpose therao practical difference in using one or the othWe
preferred to use the E-I index because it is has Ipeeviously used in the literature.



starting with 0.1 and incrementing by 0.1. At eatdép, the networks related to
matrix A have as many links as there are values in thexnt&dqIC, equal or greater
than the cut-off value of the respective step. Thrasing on the binary network,
we calculate the number of edges, the number opooents the networks consist
of and the E-I index. Finally, we compare the rissaf all cutting steps for all the
networks.

Besides the complete networks of co-authorshipspessub-networks were
computed, dividing the papers according to thelisaon of the institutions and
the content of the research (basic or applied)

5. Results

A descriptive analysis of our data shows that treamnumber of institutions
involved in each paper increases with the geogecagtstance: it is 2.66 in the
regional group of papers, 3.82 in the extra-redic®.&8 in the European, 4.83 in
the extra-European group; on the other side, thanmmeumber, for each sub-
networks, of how many kinds of institutions arealwed in each paper is 2.13 in
the regional group of paper; it is 2.42 for extegional papers; 2.24 for European
papers; 2.49 for extra-European papers.

We are interested in the institutional distance amed measure it with the E-I
index.. The value of the E-I index for the complattwork of co-autorships is
0.346, indicating a predominance of “external” hgles (we recall that the index
assumes positive values if heterogeneous linkageseds homogeneous linkages,
up to 1 if all linkages are homogeneous; negataleas, in the opposite case, up
to -1, when all linkages are heterogeneous).

In order to analyse the relationship between unstihal and spatial distance, our
strategy is the following: we divided the publicais in four groups, characterized
by different levels of spatial distance, generatiogr sub-networks; then we
calculated the global value of E-I for each of floer sub-networks. As it is

possible to calculate the index for groups of npaesalso obtained the E-I index
for firms, that is the only fully represented grompour sample (we have all the
papers including at least one Italian biotech finn2003-2005)

The following table shows the values of the weidghEel index in the four sub-
networks.

8 The graph of the networks may be found in the agpe for the main statistics of the networks, see
D’Amore, lorio and Stawinoga, (2011).



Table 1. Weighted E-I index for the three valued networks

E-l index E-I index for firmg
Regional networ 0.74¢ 0.87(
Extre-regional networ 0,38( 0.767
Europea networkt 0,32¢ 0.49:
Extre-European netwo 0,36¢ 0.42;

The value of the global index dramatically decreaa®we move from regional to
extra-regional sub-networks, indicating the existeaf a trade-off between spatial
and institutional distance: as geographic distancesases, the heterogeneity of
the institutions involved in the co-authorshipstoé papers, hence the institutional
distance, increases. However, this seems to heltlglonly comparing the lowest
level of the geographic scale with the other tHesels, which do not present large
differences in institutional distance. The behawiolithe firms, expressed by the
E-l index for firms, is more clearly addressedHe institutional-geographic trade-
off, as the index always decreases with the enigrgf geographic scale.

Regarding the issue as to whether the nature erels may explain the trade-off
between institutional and geographic distance, wed fthat the average
institutional distance is higher in basic resedr@m in applied (the weighted E-I
index for the sub-network of basic research pap€r436, while it is 0.336 for the
sub-network of applied research), but, notwithsitagcan high concentration of
basic research at a very local (regional) leved, riflationship between geographic
distance and content of research is not clear (verve that 48.94% of the papers
have a basic research content; the ratio of basearch paper is 59.57% at
regional level, 43.18% at an extra-regional 1eBel,76% at an European level and
49.07% at an extra-European level). Therefore tisenet a clear relation between
one kind of research and a combination of highitutgnal distance/low
geographic distance (and between the other kirdistdnce and a combination of
low institutional distance/high geographic distgnce

A multivariate analysis is needed to explore te@ie in depth. This is carried out
with papers as statistical units, a measure oftinginal distance as independent
variable, the geographical level (dummy variablesrasponding to the four
geographic levels: region, extra-regional, Europextra-European) as dependent
variables, the nature of research, also expresst#d dummy variables (basic,
mixed, applied), as control variables. Dummy vdealfor years are added: the
world of scientific research and publication isidiy and continuously changing,
therefore even a quite limited period may implytegsatic changes that could be
controlled through year dummy variables.

As a measure of institutional distance, coherewilh the previous analysis, we
have the E-l index calculated for each paper. As Exl index may assume
continuous values from -1 to +1, it is possiblestimate an OLS linear regression



model. Because of the presence of heteroskedgstio#t estimate a model with
robust standard errors.

The following table shows the results (coefficiesth standard errors in
brackets)

Table 2. Regression analysis (OLS with robust standard errors) on
institutional distance

Model 1 Model 2 Model 3 Model 4 Model 5
(only basic (only applied | (E-I for
research) research) firms only)
Geographic
level
Regional 0.3174***
(0.0632)
Extra- -0.1483*** 0.1688*** -0.1213* -0.1864* -0.1905***
regional (0.0519) (0.0524) (0.0662) (0.0983) (0.0617)
European -0.3170*** -0.2070* -0.5429*** -0.2576***
(0.0632) (0.0796) (0.1217) (0.0716)
Etra- -0.3370*** -0.0199 -0.3099*** -0.2369** -0.3475%**
European | (0.0615) (0.0624) (0.0788) (0.1057) (0.0709)
Research level
Basic 0.1577**
(0.0405)
Mixed -0.2169** | -0.0591 -0.2176***
(0.0614) (0.0645) (0.0696)
Applied -0.1577*** -0.0744
(0.0405) (0.0529)
Year dummies | INCLUDED | INCLUDED | INCLUDED INCLUDED INCLUED
Firm dummies | EXCLUDED | EXCLUDED | EXCLUDED | EXCLUDED INCLUDED
N.obs. 897 897 439 339 897
F statistics 10.09*** 10.09*** 3,90%** 6.50%** 2.89%*
(degr.of freed.) | (7,899) (7,899) (5,433) (5,333) (116,780)
R-squared 0.0743 0.0743 0.0400 0.0920 0.1963

Dependent variable: Models 1-4: E-I index for epaper; Model 5: E-I for firms for each paper
***gignificant at 99% **significant at 95% *signifiant at 90%

In Model 1 the excluded geographic dummy variabl¢he regional one and the
results show that there is greater institutionatatice at the regional than at the
other three geographic levels, confirming the exise of the
institutional/geographic trade-off. This resultsgatistically significant at a 99%
level and holdsceteris paribus that is even controlling for the nature of the
research. Regarding the latter, applied and mixedi¢/applied) research imply
less institutional distance than basic researah ¢bcluded dummy variable) and
this conclusion is statistically significant at 99%

The estimation of the same model, but excludingewotheographic dummy
variables, lets to analyse if the geographicalitimsbnal trade-off exists for all the
geographic levels. The following results are digant at 99% level: regional
papers have more institutional distance than eeg&nal papers and extra-
regional papers have more institutional distancenthicuropean papers; the



difference in institutional distance between Euarpand extra-European level is
not significant at 90% level. Therefore the tradie-dearly exists up to the
European level. Comparisons between institutiomstiadce at different research
levels may be done with the same technique of ingfathe excluded dummy
variable: we may observe that there is no signitigastitutional distance between
mixed and applied research. In the second colunirable 2 we present the results
of the model obtained excluding the dummy varialitesEuropean level and for
applied research (Model 2).

The same model was estimated separately for eaganeh level too (clearly
excluding research level variables, that are comsteesulting in the existence of
the trade-off for each research level, althoughhwstight differences in the
significance (Models 3 and 4).

Analogously with the previous analysis with soangtwork analysis, we also
focused on firm behaviour, calculating, for eacpgrathe E-I index for the firms.
We estimated a regression with this dependent hMariahaving the same
dependent and control variables as Models 1, fatos dummy variables: the
behaviour about publications of different firms nisy/systematically differen, and
firm dummy variables may be useful in controllingr these differences. The
results of this model (Model 5) are also presemtedable 2, showing that the
behaviour of firms toward institutional and geodrapdistance do not differ from
the behaviour of all institutions wholly considered

Further insights on the trade-off between institodil and geographic distance may
be provided by considering the frequency of coltabons through the
equivalence coefficientThe latter index is built as follows. If a papershaeen
written by authors belonging to two institutionse(wall them A and B), an edge
between A and B is built. If A and B have writteroma than a paper together (e.g
8 papers), the edge is weighted (the weight isT8e equivalence coefficient
calculates the relative weight of the edge wittpees to the total number of edges
(papers) of the two institutions. In other words;alculates the “relative intensity”
of the co-authorships between A and B. In whalofe$ a low level of the
equivalence index is interpreted as ‘occasiondlaborations, while a high level
denotes ‘stable’ collaborations.

Our strategy consists in analysing what happenbdwalue of the E-I index, in
the whole network and in the four sub-networksyé restrict the observation to
the ties of greater strength (to stable collalhona).

We recall that the value of the E-I index for themplete network of co-
authorship is 0.346. If we exclude the more ocaedicollaborations (edges with
EQqC equal or smaller than 0.1) the value of therkeléx decreases to 0.116, which
means that stable relations are more homogenawoasdition, the value of the E-I
index constantly decreases and becomes negatitreesholds of the equivalent
coefficient rise, indicating a predominance of hgemeous linkages among the
most frequent collaborations (the index is -0.@08e consider the edges above
the 0.5 threshold; -0.089 above the 0.9 threshold)



We can therefore conclude that more stable col&tlmrs happen among more
homogeneous institutions, aade versa.

This is consistent with the idea that institutiordhstance imply a cost: as
collaborations among heterogeneous agents imphehigpsts, they happen rarely,
less frequently that collaborations among homogesegents.

The same result is observed in each of the foungidorks, but with a different
intensity. At the extra-regional level the decreasesharper (the E-l index
decreases from 0.346 for all linkages to 0.038Heredges above a value of 0.1 of
the equivalence coefficient and becomes negatigees#titer), while at the other
levels the E-1 decreases slowly.

Hence the interesting consequence that, comparmg stable collaborations,
the strength trade-off between institutional andgyaphic distance becomes
greater if regional and extra-regional are compaimd it disappears if other
geographic levels are considered.

If the idea of an inverse relationship betweentthekind of distance is grounded on the
hypotheses that both distances imply costs andfitgenthis results has perhaps the
meaning that the logic of costs is less valid whepeated collaborations are considered:
the repeated collaborations, without eliminating Harriers and the costs of overcoming
them barriers, probably reduce both barriers arstiscoeducing or eliminating the trade-
off between different kind of distances.

Figure 1 shows the relationship between E-I inded different thresholds of
equivalent coefficient, for the four geographicdlgsed sub-networks.

Figure 1: E-I index for different thresholds of equivalence coefficient
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It is worth noting that 62.4% of collaborations avecasional (equivalence
coefficient less then 0.1) in the complete netwarkich consists of 900 nodes and



1778 edges. Obviously, the number of edges rentainirthe network reduces if
we consider progressively higher thresholds of #dwpivalence index. The
decrease is sharp from the complete network upedtl threshold, after which
the decrease continues more slowly, becoming veryeld after the threshold of
0.6.

This result is quite different in the four sub-netks: most collaborations are
occasional (and homogenous) at the extra-regianal,| while they are mainly
stable at the other levels.

In the end of the analysis, we add that the redoadf E-I index when higher
values of equivalence coefficient are considerggpbas both in applied and basic
research papers, but with a stronger rate of deerebthe E-I index in the applied
research.

5.1 Synthesis of the results

The main results of our analysis may be summaiizéide following way:

-there is an inverse relationship between instingl and spatial distance (the
institutional distance increases when the spatsthdce decreases). This result is
statistically robust comparing regional, extra-oegil and European level; it is
ambiguous comparing European and extra-Europeai lev

-the basic research implies more institutionalagise than applied research

-at a regional level there is a greater intensitpasic research than at the other
geographic levels;

- the inverse relationship between institutionatl ayeographic distance holds
even if the nature of research is taken into caratibn, that is “controlling” for
it;

- the inverse relationship between institutional apatial distance holds for both
basic and applied research separately considered,;

- there is an inverse relationship between ingtita distance and the frequency
of collaborations (the institutional distance deses if we consider more frequent
collaborations);

-the previous results holds at any geographicaljdfie magnitude of the effect
is not identical at any geographical scale (it ischmlarger at the extra-regional
level), implying some changes in the relationshepateen spatial and institutional
distance if we consider more stable or more ocoasicollaborations.

6. Conclusions

In this paper we explore in depth what is the behavof the institutions
involved in the scientific collaboration toward twiamensions of distance, spatial



and institutional, considering other two aspect® hature of research and the
frequency of the ties.

We analyse this issue thanks to a database of dreuthorship of scientific
articles in the Italian “red” biotech sector in theriod 2003-2005.

In shaping their research networks, the institigiorake a balance of costs and
benefits.

The several existing forms of distance among rebeaartners imply a cost, but
higher competencies (therefore higher benefits) beyound in distant partners.
Therefore, supposing a certain degree of subdtitityabetween potential research
partners, a trade-off may exist between differanti& of distance. We provide a
further enquiry on this topic, adding some novsltie

Firstly, we distinguish the institutions in foumkis (firms, universities, hospitals,
research centres), while, in such kind of studissially only university-industry
collaborations are analysed, or there is a distincof the institutions in three
categories (firms, universities, public researahtiess)

Another novelty of our research is that we keepriawure of the research, if
basic or applied, into consideration. The existitegature induces us to think that
both geographic and institutional aspect of coltabions are influenced by the
nature of research. If this is true, an analysistleé relationship between
geographical and institutional distance that dazsconsider the kind of research
would be misleading. Thanks to a classificationhaf papers of our sample based
on a criterion purposed by Levison and Parajeemasg verify if, in our sample,
the nature of the research is correlated with teeggaphical and institutional
distance; then we are able to include the natutkeofesearch as a “control” in our
analysis of the relationship between the two kiofddistances.

As a further step of our analysis, we supposetti@e is a relationship between
institutional distance and the frequency of collabons: if, as we are supposing,
the institutional distance implies a cost, collatmns will happen usually with
similar partners, while collaborations among d#f&r partners will be more
occasional. If this is true, the relationship bedsweyeographical and institutional
distance may be different if we are considering enoccasional or more usual
collaborations.

Our study introduces some methodological novelties. The analysis is
conducted generating the network of co-autorshhes splitting this network in
four sub-networks according to the geographicabdise among institutions. As a
measure of institutional distance we use an indexipusly used in different
contexts and applications: the E-I index, a meastit@omophily of the linkages
among different groups; moreover, this index hagnbeised in the binary
networks, while we calculate it in a weighted netwoAs many dimension are
included in the analysis, a multivariate analysisneeded, therefore the social
network analysis is complemented by a regressiatysis; the E-l, as a measure
of institutional distance, is used in the regrassinalysis too.

In order to evaluate the relationship between tisitutional distance and the
relative frequency of collaborations, we combine tise of E-l index with an
index, the equivalence coefficient, already presipwsed in the social network
analysis but in different contexts.



We found a confirm of the existence of instiwatl/geographic trade-off, that
does not depend on the nature of research, uvélid both for basic and applied
research. We also found that agents tend to cobédanore frequently with
institutionally close partners, but this phenomeriuas different strength at
different geographic scales.

The results of the analysis are consistent withvibe that both institutional and
geographic distance are a cost, therefore ingtatitry to save money and/or
efforts by substituting one with the other and duwg too frequent, “distant”
collaborations.

With this paper we desire to give a contributionthe understanding of how
knowledge flows among innovative agents. We hopg tbntribution may be
useful in designing proper policy measures in takl fof scientific collaboration,

that is so important for the competitiveness in¢betemporary knowledge-based
economy.
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Appendix

The following figures (Figures Al, A2, A3, A4) shalve graphs of the regional, extra-
regional, European and extra-European networksoefutorships. Different shapes and
colours represent the different kinds of institniored triangles represent firms; yellow

circles represent universities; green squares septehospitals; blue squares represent
research centres.

Figure A1l Regional network




Figure A3 European networ k




