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Chapter 1

Introduction

1.10n networks and science

The reader might feel puzzled by the way | am ohi®ng this thesis. However | believe that

briefly describing the personal story which liesinel this study may be one of the best ways of
explaining the topic and methodology used.

During the course of my Ph.D., many people havedske about the topic of my thesis. At

first, I did not know where to start, and | askegseif how | could best explain the relevance of
scientific production and collaboration; why it wastually worth investigating the mechanisms
behind these two activities, and why | needed tterek the standard economic toolbox of

analysis.

Scientific collaboration is an atypical topic, | sttadmit, and Network Analysis is a technique
which is still rarely taught in M.Sc. in Economiasound the world. | eventually realised the

following was the best way of expressing this.

“We are all involved in the production of scientiknowledge and every day we experience the
relevance of knowledge flows and knowledge exchdrah in a horizontali.e.. peer-to-peer)
and in a verticali(e. lecturing, supervision) way. My research wantexplicitly address the
structure and dynamics of the process of scienfifieduction of knowledge by reducing its
complexity to its basics components (what is ecdnatiinking actually about?): networks,

scientific communities, collaborative behaviourslividual incentives and collective outcomes”.

Therefore this thesis is composed of three differessays, each of which approaches the
phenomena of scientific production and collaborafimm different perspectives, allowing me
to highlight the role played by the above mentiofiedr basic components.€.. networks,
scientific communities, collaborative behaviourgjividual incentives and collective outcomes)

in shaping the structure and dynamics of the “wofldcience”.



Let me now describing the four themes, by defiramgl contextualising them in the history of
the “economics of science”, in order to support timelerstanding of the rationale behind this
thesis.

In recent years, economists have devoted muchtiatteto networks; studying networks, the
ways in which they form and evolve dynamically awnwidely recognised as the natural way of
approaching the investigation of social, economid @rganisational aspects of society. A
networkcan be defined as the set(s) of actors and ofieakdtips (or relational ties) which are
defined on them (Wasserman and Faust, 1994). Hnsrperspective, any kind of community
can be defined by the characteristics of the mtatiips among the actors, rather than by the
attributional characteristics of the actor themsslvWhen studying real life phenomena,
including the scientific one, adopting a networkarspective allows us to go more in depth,
hence providing explanations that go beyond “thetlyabservable”.

The economic literature on networks has provideddgexamples of applications to various
fields, such as markets (Berkowitz, 1988; Burt, &98/hite, 1981, 1988 and Leifer and White,
1987), occupational mobility (Breiger, 1981 and @p%rade (Lazerson, 1993 and Nishiguchi,
1994); welfare (Bertrand et al., 2000), job huntifdplzer, 1987 and Montgomery, 1991);
patents (Maggioni et al., 2007) and, last but maist, the world of science (Maggioni and
Uberti, 2009, Rivellini and Terzera, 2010, and @#iret al., 2010) — which is exactly what we

are going to talk about.

In fact, over the last sixty years economists, amate broadly social researchers, have been
attracted by the mechanisms which lie behind thedaaf science, in terms of the peculiar ways
in which individuals part of this community intetagith each other with a final view to creating
scientific knowledge; hence producing scientifigaklevant pieces of work. Here it comes the
interest in studyingcientific productionwhich may be defined as the process by whichrgese
inputs, such as scientists’ training and knowledged capital invested in research and
development are transformed into equally divergpuws in the form of scientific publications;
for example, patents, but also formal and inforkmadwledge transfers (Rousseau and Rousseau,
1997; Nagpaul and Roy, 2003; Warning, 2004; Jor2@a6Y.

! This interest within Academia was also accompaiigdhe general recognition of science as one efrtiost
important drivers of economic growth and socioatadt empowerment of every country (Wagner, 2008iisTis
one of the reasons why governments involved irattempt to foster scientific research through thplementation
of new incentive schemes (Shrum et al, 2007; B&W&8; Frey 2003, 2009), which have contributedr dwvee to
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Bibliometrics and Scientometrics are the two dikiegs which developed around this research
interest, in the attempt to develop metrics to meathe effectiveness and efficiency of research
activity by taking into account the mentioned irguiut, above all, the outputs of the process of
the creation of scientific knowledge (Moed, 2005giwjart, 2005). Hence, indicators which

consider the frequency a scientific product hasnbgeed over time, the impact of a scientific

journal within a particular discipline; or againetincreased or decreased level of appeal of a
particular scientific topic over time are all exdegof issues bibliometrics is concerned with.

However, this approach clearly lacks of an analygisch goes beyond the mere product of a
scientific process, since it is widely recognised @mphasised that, in order to understand the
outputs of the process, the inputs and the actmahvied need to be accounted for. In fact, the
process leading to a scientific output cannot heatyl to the one leading to the production of a

classical and conventionally tradable good.

Following the pioneer work by Crane (1972) and &(it986), social researchers have found in
the study of scientific collaborations a complenaeyntway of explaining scientific production.
Scientific collaborations the collaboration among two or more scientigt® work together in
order to achieve the common goal to produce new iandvative research, hence it is the

behaviour that lead to scientific production.

Therefore, if both individual and groups’ behave®uware accounted for, we must consider
individual incentiveswhich move such behaviours. In fact, networks l@iding scientific
networks) emerge from agents’ behaviours, who ardurn moved by different kinds of
incentives, that is to say, in this specific cai'e maximisation of the impact of their
publications within a particular scientific commtyni

This is the rationale behind the three essays thigsis is composed of. It represents a first
attempt to answeiour research questionshich arise from the framework described above, by

accounting fothreedifferentmethodological trade-offand studyindgwo scientific communities

1.2Four research questions
This thesis aims at answering four different reseajuestions which relate to the intriguing

relationship between patterns of collaboration seidntific productivity.

modify exogenously some of the incentives that m&sientific production as the ultimate goal of tRepublic of
Science” (David, 2008:2).



In the attempt to answer the following questiorifetent methodological tools of analysis are
adopted and integrated together in order to highliheir informative power in light of the

peculiarity of the data available.

1. What is scientific collaboration and is it possible agree on a unique definition?

Above we have defined scientific collaboration agemeric phenomenon, which consists of

scientists working together in order to produceeze of research.

However, scientific collaboration is a multi-facgétphenomenon that can take different forms.

When we want to study this phenomenon empiric#llig necessary to clarify which type(s) of

collaboration we are interested in, and we neesetbimpose various “borders” that can help

defining the collaboration itself.

The literature on scientific networks has providdifferent examples; we might attempt to

categorise them into two different orders of catliations:

i.  Formal collaborations: this is the easiest type of calaltion to measure, since one can
adopt as a proxy of collaboration the fact that ttvanore researchers have collaborated
with each other, simply because they have publighedrticle together in a scientific
journal or have registered a patent together. Taereconsidering formal collaborations
often means accounting fop-authorshipsas the way in which the collaboration between
scientists is expressed,;

ii. Informal collaborations: these are also known lawvisible Colleges(Crane, 1972)
collaborations, and capture relationships betweenssts resulting from behaviours which
do not lead to a scientific product per se, but thaurn have influenced the production
process. This type of scientific collaboration &rder to study as compared to the formal
collaboration described in, since there is not a tangible output which canehsily
measured. However, it is possible to track a sigEtetwork of informal collaborations
by considering thacknowledgmentisst available in most published articles, or taet that
two or more scientists are members of Haene editorial boardf a certain scientific
journal; or again that they are affiliated to #aeme faculty/university

Certainly, the borders between informal and formallaborations are often weak, since an
informal relationship might turn out to be formalis later on, or, on the contrary, a formal
collaboration can turn into an informal one. Numerdactor might affect a collaboration, and
this is the reason why we like to think about stfen collaboration as a multi-faced
phenomenon. For example, the spatial dimensionnigngortant component, in terms of
geographicalor institutional contiguity As well as the scientific dimension itself: theientific

contiguitywith other scientists is one of the main factorsal affects a scientist’s willingness
4



to collaborate with another scientist possessirgg dame expertise, or, on the contrary, the
complementary expertise. Moreover, these conditraight change over a scientist’s scientific
career; hence, we consider scientific collaboratiera constantly evolving phenomenon, and a
phenomenon which has “memory”. Scientists build apdate their scientific knowledge thanks
to the knowledge of other collaborators they getiounch with, along different ways, which can
range from having studied in the same universityhat beginning of their career, or being
experts in the same field; to just reading otherdcsts’ publications.

As it will be better explained later on, this isetiheason why this thesis attempts to study
scientific collaboration by taking into account sorof the different forms in which it is

manifested€.g: co-authorship, acknowledgments relationships).

2. How can we measure the structure of scientific abration?
Given the multi-faceted nature of scientific cobbadtions, it is hard to identify a tool of analysis
or a unique metric which could help us analysing ttomplex structure of scientific
collaborations and identifying overarching explamad of the phenomenon. It should be clear by
now that this thesis will be looking at formal anébrmal scientific collaborations as a complex
networks of relationships among scientists belogpg¢inthe same scientific community.
In this regard, we have looked for a tool of analyshich could allow us to describe and
measure scientific collaborations so to be ableanalyse their structure scientifically. The
solution to this methodological problem was foundNetwork AnalysighenceforthNA); in its
own nature, this methodology looks at the phenomednocapturing a statistical description of
the features of the network, but also, and moreomaotly, it permits to carry out inference
analysis. In other words, it has the advantageewidyable to identify the architecture of the
networks {.e.: thetopologyof the networks), and to provide some static iatics €.9: degree
distribution, clustering coefficient, average p#&thgth), along with different laws of motion
(e.g: random, scale-free, small world networks). Anthatsame time, its added value lies in the
possibility of the statistical properties of thetwmerks to fit the asymptotic requirements of

theoretical models and hence to allow for infereztalysis.

Although complemented by alternative methodologiash as Econometrics and laboratory
experiments, the results obtained by applying NA g the starting point of the three essays in

this thesis.



3. Which is the relationship between scientific collatation and scientific production?
This thesis aims at studying the relationship betwscientific collaboration and scientific
production from arempirical point of view. In doing so, it is inevitable tokagurselves whether
the patterns of collaboration directly affect thenber and the quality of a scientist’s scientific
production in terms of publications; or, on the ttary, the number and the quality of a
scientist’s scientific publications influence hisfmetwork of scientific collaborations in terms
of the scientist’s “attractiveness” and abilitylie surrounded by many other scientists who are
interested in collaborating with him/her.
This represents a crucial problem that most of tihees forces us to choose between a
productivity-orientedanalysis, and aollaboration-orientedanalysis. The former is usually
focused on the determinants of a scientist’s prodty and attempts to model the phenomenon
by integrating the traditional set of attributiortlaracteristics with relational attitudes, amongst
which the most commonly used is (formal and/or rimfal) scientific collaboration. On the
contrary, the latter focuses on (formal and/or nimfal) scientific collaborations, and aims at
investigating its determinants, amongst which theralso a scientist’s productivity. In other
words, one approach looks at scientific collaboratas one of the crucial determinants of
productivity, whereas the other approach lookscangific productivity as a crucial factor in
making choices of collaboration (or no collaborajio
Therefore, the risk in an empirical analysis of twe phenomena is to underestimate a problem

of reverse causality. A problem which will be ads$red in this thesis.

4. How is it possible to explain the emergence of coexpnetwork topologies from basic
individual incentives?

In order for a complete analysis of scientific netks of collaboration to be carried out, this
thesis will inevitably attempt to consider the rokat the scientist’s individual attributes and
personal attitudes play on influencing individualreices of collaborations.
This is a crucial point, since we believe that prcitbn motives do not provide a fulfilling
explanation of the phenomenon. Moreover, factorschvirelate to the features of the
collaboration networks themselves, and to the erfte of social preferences do need to be taken
into account.
More in detail, we are interested in two differenders of evidence, which are extrapolated by
the implementation of a pilot lab experiment. Or tiand, we aim at understanding whether real
networks of scientific collaboration match the ttediwal predictions of scientists to converge
into the creation of efficient and stable networkhitectures, since scientists internalise the

negative externalities which are generated by nedsvthemselves. On the other hand, we aim at
6



analysing the influence that social preference®fecativeness and imitation of others) and
fairness attitudes (equity and symmetry) might henehe decision-making process embedded
in network creation.

Finally, we will also account for the potential lawioural difference between networks

generated endogenously or exogenously.

1.3Three trade-offs

This thesis takes into account three different lyoeethodological) trade-offs, which typically
emerge from the study of networks, and are reladeshch other. Here they are described in an
order that follows a “general to particular” scale.

In addressing the following trade-offs, differertiigions are proposed as potential ways to

either disentangle or reconcile them.

1. Micro vsMacro perspective
The first trade-off is concerned with one of thestndebated issues in the theory of economic
networks. In fact, every network can be studiednfrovo antithetical perspectives, which are
hard to be reconciled with each other.
As Schweitzer et al. (2009) point out, the microspective is typical of network studies which
develop in the field of economics and of sociologyereas the macro perspective is adopted
mainly in the literature on complex systems in ptgysand computer science. However, we
believe that this trade-off emerges also withinreeoics and sociology, in the extent to which
the starting point of the analysis relies eitheragents’ incentives in the development of formal
and informal links or on the statistical regulastiof the network as a whole.
The micro perspectivemphasises the role of individual's incentivesiaping the structure of
the network, for then analysing the local structofethe network itself. On the contrary,
adopting amacro perspectiveneans to consider the global structure of the otwthe rules of
network evolution, for then analysing individugisrformance within the network.
Each of the perspective has its own advantageslisadvantages, and one might choose one in
spite of the other according to his/her researdisgdiowever, we believe that the real issue that
arises when studying network is the failure to d@ve perspective that merges the micro with
the macro. For example, in most of the cases, ficeorperspective is not complemented by a
macro analysis which allows to identify the comptsstem behind the network; in this way,
loosing important aspects of the phenomenon umdastigation which specifically regard the
mutual influence between micro and macro charatiesi €.g: exogenous and endogenous

elements) of the phenomenon itself.



In this thesis, we take into account this crucrade-off, and we also attempt to address the
guestion of whether individual's characteristicgedily influence the role played by the
individual within the network; or, on the contratiie network’s architecture itself influences the

role played by the individual within the network.

2. Theoreticalvs Empirical approach
The trade-off between the theoretical and the eogbiapproach is directly linked to the first of
our trade-offs. In fact, adopting a micro perspextypically reduces to thheoretical analysi®f
networks, while adopting a macro perspective temapirical analysiof networks.
In this case, we are more concerned about the tagalyools which are used to carry out the
analysis. A theoretical approach makes use of gémeery, by considering a network as the
outcome of a network formation game among eithenpgeting or cooperating agents, based on
the concept of multiple strategic interactions. tha contrary, an empirical approach adopts
mathematic, statistic and econometric tools of ysislin order to understand the structural
regularities of a network in its formation and dymeal evolution.
As in the first of our trade-offs, here a genesaltBesis is missing: the core issue dividing the
theoretical and empirical approach is individualioality, and especially the relationship
between individual incentives and overall societalfare (Schweitzer et al., 2009). Seldom is
this issue addressed in the “canonical” NA literatwhile it constitutes the object of study of a
branch of game theory literature dealing with “netikvformation: stability and efficienc§”
whose aim is to answer questions such as : “Howsach network relationships important in
determining the outcome of economic interaction?idWmetworks are likely to form when
individuals have the discretion to choose theirnsmtions? How efficient are the networks that
form and how does that depend on the way that theevof a network is allocated among
individuals?” (Jackson, 2003:12).
This thesis follows some of the attempts that Haeen made available in the literatifiom an
empirical perspective, mainly by means of behadband experimental economics, which
provide answers to the questions behind the rdeoofanetwork formation (hence based on NA
concepts) by creating scenarios which proxy thityeaf networks in a controlled environment.
Moreover, experiments could be considered as theralaresearch path to follow in order to
integrate and push forward both “theory and prattis networks; in fact, they can represent a

valid tool for testing theoretical models, andleg same time providing a support to the analysis

2 To quote the title of a well known paper, Jack&B03).
% See, for example, Squazzoni et al. (2012).



of empirical findings. As Weibull (2001) points otihe integration of game theoretical models,
field data, and lab experiments is the key to pemore exhaustive framework behind several
phenomena: “moving from armchair theorizing to col¢d laboratory experiments may be as
important a step in the development of economids @sce was for the natural sciences to move
from Aristotelian scholastic speculation to modempirical science” — and of course, networks

are included among these phenomena.

3. Collaborationvs Production analysis
The last trade-off is directly connected to ourdhiesearch question, which asks which kind of
relationship can be drawn between scientific caltabon and scientific production. And
whether this relationship might suffer of a reveraasality problem.
In fact, the trade-off betweenaallaboration analysisand aproduction analysisarises mainly
because, in the operational reality of the researobind networks, researchers are forced to take
a view, although recognising the risks of both gsial Assuming that scientists’ collaborative
behaviour affects the outputs of scientific produtt or that scientific production affects the
scientists’ patterns of collaboration, inevitabhves the researcher into issues of endogeneity or
omitted variable bias, as long as the problem wénge causality is not correctly addressed, or at
least the limitations of the research are not tfedefined.
Along this thesis, we are aware of the issues whrehgenerated, and the limitations of each of

the essays are clearly described.

1.4Two scientific communities

In the analysis of networks, scientific networks aar case, the researcher needs to make
important decisions in the early steps of his/ledy One of them is the correct definition of the
sample.

In this thesis, we look at two different scientiiommunities in different essays, which are the
result of a sampling process which moves from t¥fferent criteria. In fact, along this thesis we
will discuss two opposite ways of looking at scitotcommunities, which mainly differ in the
definition of the boundaries of the network and tbe relevance of either relationships or
individuals in the analysis of the network itsdfurthermore, it has to be specified that the
results obtained from studies on networks, or fetaties which use networks’ characteristics to
inform and integrate the analysis, are highly iefloed by two main factors. On one hand, by the
fact that the databases.q.: 1S| Web of Science and MIUR-Cineca which are usetthis thesis)
which are accessed in order to construct the dateme typically designed to carry out

bibliometric research, rather than research wiiea to analysing relationships themselves. On
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the other hand, by the boundaries that the reseaintposes to the network he/she wants to
investigate; that is to say, by the criteria usedestrict or extend the relationships of eachlsing
actor part of the network. For example, these batied might be geographical, temporal or

related to a particular scientific discipline.

1. Top Geographers
The first scientific community we look at is compdsof Top Geographersthat is to say the
networks of geographers who have published in thp Journalsi(e.. the Journals with the
highest Impact Factor) relevant to the disciplimaiparticular time span (from 2000 to 2007).
The sampling process originated from a common chariatics to our sample units: having
published at least a scientific article in onehs# Top Journals in the broad field of Geography.
By doing this, our sample criteria is a criteriaigvh focuses on theelationship (of co-
authorship) between scientists, rather than onsthentist himself. Hence, the importance is
assigned to the network and the relationshipsishebmposed of, rather than to some attributes
which are common to the agents part of the netwerl: geographical position, institutional
framework).
This sampling method has the advantage of captwiinthe possible relationships within the
scientific community of the Top Geographers. Howgwelooses potential relationships which
the scientists might have in place with other dtsén outside the community of Top
Geographers. For example, if a Top Geographes@alTop Anthropologist who has published
in the Top Anthropology Journals, we cannot captuegher the attribute nor the additional
relationships that the Top Geographer/Anthropotogmsght have in place in the scientific

community of Anthropology.

2. ltalian Economists
The second scientific community is the communityltafian Economists, that is, the whole
group of economists who are affiliated to an Italimiversity in a particular time span (from
1990 to 2010).
In this case, the sampling process originated ftbm subjects, and we did not define any
particular boundary but being affiliated to anidaluniversity.
By doing this, our sample criteria is a criteria ie¥h focuses on thectors (and his/her
attributes), rather than on the relationships betwihe scientists. Hence, the attention here is
posed on the attributes of the scientists, anchéteork of relationships turns out to be limited

to the extent to which relationships can be madssipte only among Italian Economists.
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Hence, we cannot analyse the whole set of reldtipasthat our sample units have in place,
because, for example, if an Italian economist ldismorated with another scientist affiliated to
a foreign university, this relationship is not aaet in our sample, although the attribute of the

Italian economist to have collaborated outsidetdlean community is.

1.5Thesis outline
The thesis is divided into three different essapsctvillustrate the results of three studies with

the specific aim to answer the research questimtsissed.

Chapter 2:Scientific Networks and Co-authorship Economic Geography

The aim of this essay is to investigate the rodg thfferent scientist’s attributes and relational
attitudes play in the decision-making process ofldmg scientific collaborations. More
precisely, we take into account different ordergdiffierences, such as geographical, relational,
experience, and production distance between péisientists who are part of the scientific
community of Top Geographers.

In particular, the attention is shifted from an 6egerspective” to a “pair-perspective”. Hence, a
scenario in which we analyse all possible pairsaauthors is built, and by matching different
orders of characteristics we are able to suggestesmechanisms that could influence the
success of a collaboration in terms of its “inteyisithat is the number of published papers in the
Top Journals of the scientific field considered. rbtover, we take into account
difference/similarity between any two researchesteptially forming a pair, by constructing
different orders of distance/proximity between aush according to gender and experience

attributes; geographical and relational factors.

We believe this approach needs to be consideredltamative, since the single author’s
productivity over time is not considered as a resgovariable, but rather as a possible

explanation for collaborative behaviour.

The results of a Zero-Inflated Poisson model suggést all the relational explanatory variables
we include in this study do play a (positive) rmeshaping scientific collaboration decisions and
that within-between scientific sub-communities amirmal collaborations — together with the
“traditional” form of collaboration, namely co-awatfship, are crucial determinants of scientific
behaviour. As well as the spatial distance stiketk negatively the likelihood or the success of a
long-distance collaboration, despite the availgbdf new technologies.

The essay is structured as follows. Section 2.2 aodescribe the network of Top Geographers

as the starting point of our analysis, while inteec2.3 the data are presented, together with the
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rationale behind the selection of the sample. Thatetailed description of the variables we have
built in order to run the econometric analysis vided in section 2.4, followed by the
econometric analysis (section 2.5). Finally, in thst section (section 2.6), we draw some

conclusions and highlight important issues to besmtered in our research agenda.

Chapter 3: Incentives and Behaviours in the Formati of Scientific Networks: An empirical
estimate of Jackson and Wolinksy (1996)
This essay can be linked back explicitly to thel¢raffs between micres. macro perspectives,

and between theoreticas. empirical approach, which were described above.

In fact, the aim of this essay is to build a bridggween the micro and macro approaches by
developing an empirically testable version of twodels (co-authorshipersusconnections)
developed by Jackson and Wolinsky (1996) in ordetest the relative importance of direct
versusindirect relations on the scientific productiviby an individual scientist on the entire

population of Italian academic economists.

The econometric analysis shows that the numbeigaatity of co-authors are positively related
to an economist’s scientific production, while ayatve and significant coefficient is registered

for theConnections/ariable.

Further attributional (gender, tenure, localisati@and relational (centrality and clustering
coefficient in the co-authorship network) variabégtect the scientific productivity of academic

economists in Italy.

The essay is structured as follows. Section 3.2rtess the theoretical model of Jackson and
Wolinsky (1996) which our study originated from, evhas in section 3.3 we suggest an
empirical version of it. Then, section 3.4 descsiliee variables which are taken into account in
order to test the empirical model, and sectioniluStrates the sampling process and the data
gathered, together with some descriptive statistosally, section 3.6 provides the empirical
results obtained by a Tobit estimation of the ddienproduction of Italian economists, while

section 3.7 concludes with some suggestions fonéuresearch.

Chapter 4:Co-authorship Networks: An experiment dwetwork Formation, Efficiency and
Stability

The aim of this essay is to provide a first insigitb the process of network formation in the
more specific context of collaborative networks.other words, we aim at studying the way in
which networks emerge in a cooperative setting, tweit features in terms of efficiency and

stability, by letting people play connections gama controlled laboratory experiment.
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Following the co-author model by Jackson and W&ng1996) and its experimental
implementation suggested by Vanin (2002), two civau games have been designed and
implemented in a controlled laboratory environmienorder to shed light on the emergence of
the trade-off between network stability and effiaig. In particular, we aim at studying the way
in which networks emerge in a cooperative settany] results show that even when we let
people form their own collaborative netwotkhder the most favourable conditiorfs.g:
communication amongst participants), it is not cledether people systematically reach the
strongly efficient network configuration or not. kémver, evidence of the trade-off between
pairwise stable configurations and efficiency isoyded: most of the time participants
converged and agreed on building a strongly efiicachitecture, which, on the other hand, is
not pairwise stable. With regard to people devgtiom rational decision-making, results show
that people do not care only about utility maxirtisa, but they are also concerned with fairness

motives and with payoff symmetry amongst individual

Finally, through a simple statistical analysis ahd elaboration of both an individual and a
group index of cooperativeness, we showed the itapoe of investigating the role of people’s
cultural features and degrees of cooperativenesspiided a first insight into the crucial role
these factors could play on affecting individuatennection decisions. However, it was not
possible to take into account individual charaster$ €.g: gender and years spent in the UK)
because our sample did not show variance with oeédpethem; in other words, we could not
make any consistent observations regarding statibtisignificant differences among groups of
individuals, due to the fact that our sample wassmall to allow us to infer such information.

The essay is organised as follows. Section 4.2igesvthe reader with the basic concepts and
definitions which are adopted in our study, follalMey a formal presentation of the co-author
model of Jackson and Wolinsky (section 4.3). Nexei;tion 4.4 presents the hypotheses, the
design and the procedures used in the experinugdther with the obtained results and possible
explanations with reference to participants’ peescend cultural features, and their level of
cooperativeness. Section 4.5 concludes by drawamesfinal observations and suggesting

improvements for further research.
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Chapter 2

Scientific networks and Co-authorship in Economic @ography

2.1 Introduction

We must recall from the general introduction ofsthihesis that the interest of economists
towards the “Republic of Science” (David, 2008) hgiown out of the methodological
framework of Network AnalysishgnceforthNA). Following the pioneer works by Crane (1972)
and de Solla Price (1986), back to the ‘70s and ‘8€cial scientists began to investigate the
mechanisms which lie behind scientific productignusing appropriate tools of analysis, which
can help to explain its own patters of knowledgeation and to go beyond mere bibliometric
indicators. Thanks also to the technical contritmaiprovided by physicists (Watts and Strogatz,
1998; Newman, 2001; Albert and Barabasi, 2002; Ig#saet al, 2002) and computer scientists
(Broder et al., 2000; Daley and Gani, 2000), a neystematic analysis of scientific networks
has been carried on, allowing to unveil some of thers of each particular scientific
community.

In this framework, we have already explained themgance of a trade-off betweepraduction
approach focused on the determinants of a researcherdugtivity, which attempts to model
the phenomenon by integrating the traditional $edtwibutional characteristics with relational
attitudes, amongst which the most commonly usedoisuthorshifjy and acollaboration
approachwhose focus is on scientific collaborations, amdsato investigate its determinants,
amongst which there & so productivity. This second approach to the studgeifvorks has also
introduced into this field many innovative toolsafalysis, such as NA (Wasserman and Faust,
1994; Scott, 2000), Textual Analysis (Maggiceti al, 2009; Roth and Cointet, 2010), and

* Other measures which relate to researchers’ oelltiattitudes which have been already used inlittiature
include the attitudes of researchers to collabarétte the same co-authors over time (Cainelli eR8lL0 and 2012),
or a researcher’s propensity to get involved ioiinfal collaborations (Togni, 2011).
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Experimental Economics (Jackson and Wolinsky, 19@&nin, 2004; Maggioni and Togni,
2012; Togni, 2011) alongside the most traditioms

In this essay, we will be adopting a collaborai@mproach, since the author believes that formal
and informal scientific relationships do matter@gards not only to scientific productivity, but
also to the strategic motives which might boosemsitsts to choose a particular collaborator in
spite of another. In fact, one of the most comneasons which have encouraged economists to
investigate the intriguing relationship between estfic productivity and collaborative
behaviour (both formal and informal) relies on tiedief that collaboration might enhance both
quality and quantity of publishable scientific woevertheless, this assumption has proved to
be also one of the most controversial, given thithatical evidence provided by empirical
works on the subjet{Hollis, 2001). Moreover, the majority of contrifians focus on the single
individual’s attributes, characteristics, and natgdeatures, and little or no attention is devoted
to what we could call a “reverse causality” effestich is, in fact, the role that individual
characteristics play on the decision of collabogatvith other scientists? In which way scientific
productivity might affect collaboration choices?

2.2 The scientific network of Top Geographers

Owing to the fact that each scientific disciplineshts own features and “informal rules” which
contradistinguish itself from any other, our figgal was to select one that satisfied our sample
requirements to be big enough and interdisciplinaony at the same time could allow us to draw
a subsample in order to carry out a second-ordalysi. Hence, we opted for the scientific
community of Geographers, which is knowingly ch&dsed by multidisciplinarity;
additionally, to our knowledge, there is no emgiticontribution available in the literature that
directly studies Top Geographers’ patterns of talfation, and it seems to be perfect to

investigate the role played by different dimensiofispatial and non-spatial “distances”.

As it will be detailed in section 2.3, we refinedaaxtend an original dataset built by Togni
(2009, 2011), whose information are extracted fiMeb of Science (WdSpne of the largest

bibliographic datasets provided Bhomson Reutets The information we are interested in

® For example, Hollis (2001) has shown that higleauathorship is correlated with higher quality, ajes length,
and higher frequency of publication. Nonetheleksyd take into account the relationship betweeragtiorship
and the “output” attributable to the single resharqeconomist in Hollis’ study) is negative, if wescount it for
the number of co-authors.

® For additional details, please refer to sectiéhd® .this chapter.

7 http://www.thomsonreuters.cofa6™ October 2012].

8 Please note th@thomson Reuters Was formerly called ISWoS
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concerns the scientific discipline of Geography iGhhis also characterised by a strong
interdisciplinarity with other social sciences, luding Economics) and its pattern of

publications during eight years (2000-2007).

In order to construct and analyse the network qf Geographers, we decided to gather all the
bibliometric information regarding the first fiv&bp Journals”, which have been downloaded.
A scientific journal is classified as “Top” if itsnpact Factor indexhenceforth IF) is ranked in
the first 5 per each year. IF is calculated a®adl:

F= two— year_tot_ citations_t,

- : (2.2)
tot_art_t, +t,_A_ journal

Where two- year_tot_ citations_t, is the amount of citations that the papers pubtism a

generic “A journal” in a two-year period receive the year following the publication; and

tot_art _t, +t, _A_ journal is the total number of articles published in stiéhjournal” in

those two years.

Hence, IF rankings per each single year (2000-20@r¢ accessed in order to build the dataset,
and the Top 5-Journal ranking was downloaded p&r gaar. It has to be remarked here that the
total number of Journals we are considering in otd@&raw our sample amounts to eight, rather
than five. This is due to the fact that the anbakanking is not completely stable over the years
we consider, and some Journals that were rankedeirfirst five positions per IF in one year
might not be ranked the same in following yearsndée some Journals enter the Top-5 ranking,
and some others are scored down instead. More tail,dthe Annals of the Association of
American Geographers (AAAB)occupying the fourth place in the Top-5 rankin@000, for
then being scored down to the sixth place in 2@d2, being replaced dyconomic Geography
(EG). In turn,EG andGlobal Environmental Change (GEGyhich in 2002 occupies the fourth
and fifth places respectively, will then be replhéy Environment and Planning — D (EP@)jd

by Political Geography (PG)he following yeat. Table 2.1shows the annual IF ranking and the

eight top journals which were selected.

° Please note that, although the mentioned Jouexitishe Top-5 positions of the rankings, they aaywccupy a
position which is within the first 10 in the rangifover the time period considered).
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Table 2.1 — Top Journals and Impact Factor

2000 2001 2002 2003 2004 2005 2006 2007
ID JOURNAL IF rank | IF rank | IF rank | IF rank | IF rank | IF rank | IF rank | IF rank
TRANSACTIONS OF THE
TIBG |INSTITUTE OF BRITISH 4067 1 [3500 1 |2218 3 |2.388 3 2438 2 |2574 3 (3093 1 (2698 1
GEOGRAPHERS
GLOBAL ENVIRONMENTAL
GEC |CHANGE - HUMAN AND 3915 2 2600 3 [1952 4 / / / / / / / / / /
POLICY DIMENSIONS
PROGRESS IN HUMAN
PHG GEOGRAPHY 3762 3 3440 2 |2616 2 [2943 2 (3653 1 (2762 1 |2288 2 2386 2
ANNALS OF THE
AAAG | ASSOCIATION OF 2962 4 2141 5 / / 2115 5 1972 5 |2586 2 1855 3 |2.109 4
AMERICAN GEOGRAPHERS
JOURNAL OF ECONOMIC
JEG GEOGRAPHY 2679 5 2519 4 |3222 1 |[3.139 1 / / / / / / / /
EG |ECONOMIC GEOGRAPHY / / / / 1.757 5 2325 4 / / 2455 4 / / 1909 5
PG |POLITICAL GEOGRAPHY / / / / / / / / 2250 4 / / 1519 5 / /
ENVIRONMENT AND
EPD |PLANNING D-SOCIETY & / / / / / / / / 2269 3 2377 5 1583 4 |2152 3

SPACE
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The sampling process originated a list of eightgTwmurnals” which published a total of 2,474
articles (in the period 2000-2007) by 2,436 Topggaphers (authors). To be reminded here that
the dataset has been painstakingly cleaned in dodewoid misspelling problems and other

trivial mistakes’.

The attributional characteristics we retrieved frims dataset will be further detailed in section
2.3. The aim of this section is in fact to providefirst glance at the structure of the Top
geographers’ network, and to understand which néf&@rchitecture can best describeatq:

scale-free network, random network, small worldvoek).

Table 2.2lists the typical network indices computed in a Balytical framework, as compared
to the average of the same indices for 10 randdmanks which were generated by taking into
account the dimension of the real network of Topggapher".

Table 2.2 — Network topology (n2436)

Random Net Top Geographers’ Net

Nodes 2,436 2,436
Average Degree 2.83 2.83

CC 0.001 0.956

APL 7.472 4.929

cC' 956

APL' 0.66

Q* 1,449.23

*Uzzi et al. (2007) index. Please see footnoteot 2rfore details.

In particular, we might suspect that the Top Geplgeas’s network shows the typical features of
a Small World(Watts, 1999 and Watts and Strogatz, 2001), thad igype of network whose

characteristics are common to the majority of sead social network. Small World networks are
identified in NA literature as networks in which des display a low degree centrality (see
Appendix G) but are nonetheless strongly connegitdeach other thanks to the role played by
“strategic” nodes, commonly referred as “hubs”ted hetwork. Hence, those networks report an

high level ofdensity which can be defined as the ratio between theahaumber of links within

1% Deriving, for example, from the inclusion or ndtroiddle initials, “Mortimore, M.” appeared in ISbmetimes as
“Mortimore M. L.” or as “Mortimore M. J. L.”. We dgd for the latter option.

1 Typically, the number of nodes in the network atm® average degree of the network are the two
measures/dimensions which are considered when aférgea random network to be benchmarked agaiestdal
one.
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a network (), and the potential number of links that couldldt within the same (Wasserman

and Faust, 1992). In other terms, the densityradtavork Og) is given by

oo L o _ 2
° nln-1)  n(n-1) 2.2)
2

wheren represents the number of links populating the oekwThis index takes values between
0 (in the case of a completely disconnected netwatthe network does not actually exist, since
it would be composed of isolated nodes only), an@inlthe case of a maximally connected

network — all nodes are connected to each other).

As it is possible to assume from table 2.2, in otdeunderstand whether the network of Top
geographers is actually a small world or we neecbtwsider other network’s topologies, we also
need to take into account other two indices of Mpically the Clustering Coefficient (CC),

which corresponds to the density described abawe tlae Average Path Length (APL), that is
the shortest average distance between any two nadasnetwork, and then compare these
indices derived from the observed real network witle which is randomly generated according
to the number of nodes, average degree, and demsith characterise the real network. More

formally,

_cc
CC (2.3)

cC

ApL=APL
APL,

where CC. and APL. are, respectively, CC and APL of the randomly gategt network. IfCC'

is greater than 1, andPL'is approximately equal to 1, then we are analysirfgmall World

network.

By using the indices suggested both by Watts (188€)Watts and Strogatz (2001), and U#zi
al (2007}? we prove that our network displays high levekhfstering, but at the same time a
relative short distance between any scientist enrtetwork: the Top geographers’ network is a

small world.

Moreover, it is also interesting to have a looktte spatial network which is generated by

considering as nodes the countries where the wiiier in which Top geographers are affiliated

12Uzzi et al. (2007) built an alternative methodest a network against Small World features, adogrtb which a
Small World Q is characterised by a ratio betweén &hd APL’ which needs to be largely greater than
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to are based. For the sake of simplicity, we exédthe main component of the spatial network,
that is the sub-network in which every node is meatly connected: no isolated nodes are part
of a main component. For example, suppose thae tasr only two Italian geographers who
have published an article in our Top Journals enttime period considered. Let us assume that
they wrote one paper alone and one jointly, butenoh them has written a paper in co-
authorship with a geographer affiliated to a Unsigrin the UK. In this hypothetical scenario,
Italy would be an isolated node in the network,deeih would not be part of the main component
of the spatial networkFigure 2.1 depicts the main component of the spatial netwairk

geographers.

Figure 2.1 — Spatial network of Top Geographers — léin component (n33)
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On the extreme left and extreme right of the nekigorepresentation, the two most central
countries are represented, namely England and 8%U0On their left and right respectively,
countries that would be isolated if it was nottoeir connection to the most central countries are
pictured. In the vertical line in between Englaml ahe USA, countries which have scientific
relationship with both most connected countriesdsplayed, but also with the other countries.
Moreover, countries in the space between Englamtitha “vertical line” are those that are
directly connected to England, and indirectly te thSA; whereas in the space between the USA

and the “vertical line” are placed those countmdsch have indirect relationship with both the

13 please note that we opted for distinguishing betwengland, Wales, Scotland, and Northern Irelazhbse the
results were not affected by aggregating them theo UK; moreover, we believe this choice refledte actual
network of Institutions across the UK better thansidering the constituent countries together.
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USA and England. It is worth deriving a ranking tbese countriestdble 2.3, in order to
support the graphical representation which anyvedlg us at a glance about the hierarchical
composition of the spatial network. In order tosig the traditional indices of centrality used in

NA were computetf.

Table 2.3 — Ranking of countries with respect to ne/ork centralisation indices

DEGREE CLOSENESS BETWEENNESS
CENTRALITY CENTRALITY CENTRALITY

NODE | COUNTRY |DEGREE| RANK | CLOSENESS RANK BETWEENNESS RANK
2 USA 22 1 74.419 1 44.873 1
1 England 22 1 74.419 1 37.805 2
5 Germany 9 3 56.140 3 4,174 6
4 Canada 9 3 56.140 3 1.654 9
18 Sweden 8 5 49.231 15 2.662 7
20 France 7 6 55.172 5 12.500 3
11 Spain 6 7 51.613 6 2.032 8
3 Scotland 6 7 50.794 8 1.109 10
8 Australia 6 7 50.794 8 0.151 14
15 Norway 5 10 51.613 6 6.979 4
9 | Netherlands 5 10 50.794 8 0.796 11
29 Singapore 5 10 50.794 8 0.796 11
31 Japan 5 10 50.000 12 0.722 13
27 Belgium 2 20 36.782 31 6.250 5

As predictable, in the field of Geography, Englamdl USA emerge as the two most powerful
countries in the network. And not only becausehef inere number of articles which the Top
geographers affiliated to their universities praglusut also for their ability to get (and keep) the
whole network connected, by playing the cruciaerof “hubs” amongst all the other countries.
In other words, England and the USA prove to bérdating science” from other countries,

hence talented geographers, whose aim to be imeected to those colleagues working there;

14 For more details about these indices, please tefévasserman and Faust (1994), Scott (2000) ameirgix G
of this thesis.
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but they also believe that collaborating with th8AJand England is strategic in order to be

connected with other countries.

2.3Data and sample selection

Section 2.2 described some general features daédiemtific network we are considering in our
analysis, together with a presentation of the sowfcour data. We now proceed with the full
description of the information we gathered and rdt@nale behind a further restriction of our

sample.

Table 2.4 — Original dataset description

Data Number
Years 8

Top Journals 8
Published articles 2,379
Number of authors 2,436
Number of acknowledgments 7,730
Number of acknowledged authors 636
Number of acknowledgments per author (average) 3.17
Number of acknowledgments per article (average) 53.2

As already mentioned in the previous section, outial units of analysis consist of all
geographers who published at least one articleéas more of our five “Top Journatg'in the
field of Geography in the 2000-2007 time-span. Hgerit should be remarked here that our
sample selection follows a sort of “macro approaectording to which we start from a feature
common to all of our units of analysise(. the geographers who supposedly have published
high-quality scientific works, since we considerdyothe Top Journals), in order to derive the
structure of the whole network; instead of consitgeach single Top geographers and its own

ego network at the first place.

Following Togni (2009, 2011), we took into accoumfibormation concerning both authors and
acknowledgments available in most of the articleg pf our sample: 636 of the acknowledged
persons were also geographers who have publishéeiifop JournalsTable 2.4summarises

this information.

!> please recall from section 2.2 that the selectmpl Journals are actually eight. This is due toftw that we
considered the top-5 ranking for each of the eyglatrs considered: some of the Journals appeapdséduery year,
some others do not being replaced by better penfigrdournals which were not amongst the top-5 @vipus
years.

22



Nonetheless, it should be made clear at this ghett the scientific discipline of Geography is
strongly characterised by interdisciplinarity. Téfere, accounting also for the fact that we
needed to restrict our sample in order to perfone économetric analysis (section 2.5), we
decided to limit our attention to those Top Jowsnahich are mostly devoted to scientific
findings in the field of Economic Geography. Additally, this decision allows us to benchmark
the scientific and collaborative behaviours of #haathors who publish only in the above
mentioned Journals against those who do not; aathstgthose who tend to publish in both

(Economics related and Geography-only related Jdsyn

Table 2.5 — Economic Geographers’ dataset descripti

Data Number
Years 8
Top Journals 8
Published articles 320
Number of published articles written by 1 autholyon 163
Number of published articles written in pair 117
Number of published articles written by more thasughors 40
Number of authors 409
Number of possible pairs 83,436

Hence, we reduced our sample to those Top geogsafded their acknowledgments) who have
published at least an article in the period 200072@n the following two Top Economic
Geography Journdf$ Journal of Economic GeograpfyEG), andEconomic Geograph{EG).
Our dataset is now composed of 409 authors whoend20 Journal articles between 2000 and
2007 in the two Journals we have just mentionedeldeer, for the sake of our analysis, we did
consider also the articles that the Top Geograpt@rgosing our new sample published in the
other six Top Journals Note that our unit of analysis is not the singlehor but each possible
combination ofij pairs; excludingi pairs, a total of 83,436 palfavere included in our dataset.

Table 2.5reports a summary of the description of the datase

For each author, besides bibliometric informatiaiifferent orders of data were gathered:
attributional, such as gender and first year entry in WoS datgbpatial such as University of
affiliation and city;relational, such as number of acknowledgments and numbeo-alithors;

and related to their patternssifientific production

16 please refer to table 2.6 for further details.

" please refer to section 2.4 of this chapter fahér details.

'8 Since nx(n-1) _ 409 (409-1)
2 2

=83436
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2.4 Variables description

Having described the data we are using in our reke# is now necessary to further detail the
variables we constructed in order to address @eareh questions.

Given the fact that our main interest lies on tbke ithat different attributional, relational, and
spatial dimensions might play on influencing a stig#’s decision to collaborate with a certain
colleague rather than any other, we need to carts&rudependent variable which in its own
nature allows to account for all available colladdmn choices that each scientist could
potentially have. Hence, our unit of observationeigresented by a pair of authors, rather than a
single individual. In other words, our observaticare all the possible combinations of pairs,

therefore, all potential pairs of co-authors in dataset.

To do so, we constructed a dependent varig®der (Art;) which is the total number of articles
each single pair hgsintly written in at least one of the two Top JournalsMeen 2000 and
2007.

With regard to the explanatory variables, we likethink about them as different kinds of
“distance/proximity” (hence difference/similarityjetween the two authors forming the pair,
which could possibly influence their likelihood tollaborate in the production of a scientific
piece of work. In particular, we divide our indegdent variables into 5 groups according to the
type of “distance” they proxygender experience and geographicaldistance;relational and
productiondistance.

a. Gender distance

We recorded the gender of each of the two auth@msdj) forming the pair, in order to assign to
the pair itself the attributional status of eitrsame gender or mix gender. In particular, the
variable M;-M; is a dummy variable which takes value 1 if botlthats forming the pair are
males, and O otherwise. On the contrary, the viriabF; is a dummy which takes value 1 if
both authors are females, and 0 otherwise. Finalilgn the dumm;-F; takes value 1, that

means that the pair is formed by one female andhmale.

b. Experience distance

In order to derive a proxy of an author’s expereencthe field of Geography, we first recorded
his/her first year entry in WoS. In other words, eked for the year in which each author had
first published an article in any of the Journalsered by WoS since 1975.
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Figure 2.2 — Distribution of Top Economic Geographers according ttheir Scientific Age*
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Note that the Young (@ Sci Age< 8) group is coloured in blue, whereas the QI8 < Sci Age< 32)group is
coloured in red.

* Information extracted fromWeb of Science database as ¢ December 2007.

Then, we computed the author’s scientific age a8%"' December 2007 by calculating t
difference between the last year we are taking actmount (2007) and the author’s year of e
in WoS database. ®/can expect that the older the author, the grehterexperience he hi
gained. Finally, since we are interested in a meastidistance/proximity of experience betws
the authors forming the pair, we derived our vdeeSci Agg by simply computing th
difference between the scientific age of auii and the scientific age of authj.

In addition to a continuous explanatory variableichihcaptures the scientific experience of
Top economicgeographersSci Agg), we built a complementary categorical variabSci
Generatior, with the view to capturing the potential effe€tsoientific relationships which al
often described in the literature as “mentor/Phildent” collaborations. In order to do so,
looked at the disibution of the scientific age along our sampleTaft economit geographers
(Figure 2.2), and we split this into two a-intervals: a group of Topconomicgeographers who
are scientifically less than 8 year old; and a graf Top economicgeographers who are
scientifically more than 18 year old. Therefore, eveated two categories, tYoung(0 < Sci
Age< 8) and theDld (18< Sci Agi < 32).In this regard, by looking at the distribution ilgére
2.2, we can easilgee that the number of Young eomic geographers is bigger than
number of Old economic geographers. This might le to the fact that the topics covered

the discipline of economic geographers might haaenbmore attractive for a new generatiol
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economists as compared with the older generatkinally, Sci Generatiopis a dummy variable
which takes value 1 if the two geographers formagpair belong to different scientific
generationsd.g: they are eitheYoung/Oldor Old/Young, and O otherwise.

c. Geographical distance

Information regarding the authors’ affiliations wedownloaded when our dataset was built. In
doing so, we were able to gather data regardingge#mgraphical location of each of the
observations. In particular, we designed a matriwhich the geographical distance between any
two cities in the dataset was calculated accorttinthe shortest distance in kilometres. In this
way, it was possible to assign a spatial distamcedch pair in the dataset, and create the

explanatory variabl&eo Disj.
d. Relational distance

The capacity of each author to build scientifiatelinship has been considered as multi-faceted.
In fact, there are different type of relationalitattes that an author could display, and are not
only related to the phenomenon of co-authorshipreVioa detail, we created four different
explanatory variables which address this aspedtiwhay be divided into three groups.

First of all, we constructed two different variablerhich account for the author’s tendency of
writing scientific articles in co-authorship witlther colleagues. The variab@o-auth is based

on the classical index of co-authorship: at fiveg, divided the number of co-authors of author
by the number of articles published by authain this way we could get the author’s average
number of co-authors per published article. Then,elach paiij we computed the difference
betweeni’s co-authorship index angs co-authorship index. While this variable allows tos
account for an author’s tendency to collaboratdpés not tell us anything about the stability of
his/her collaborations over time. Hence, we comséa the variabl&tab Co-auth which is the
sum ofi andj co-authors’ stability index. The co-authors’ sti#piindex (Cainelliet al, 2010
and 2012) captures the author’s preference ovéiestollaborations, and its values ranges
between 0 (absolute instability) and 1 (completbitity). In order to construct this variable,
differently from Co-auth, we did not consider just the mere number of dbxas, but we also
needed to distinguish their identities. These twaables are to be considered as the attempt to
capture the capacity of building scientific andlabbrative relationship within the scientific

community.

Additionally, since we were also interested in @ats of informal scientific collaboration, we

used the number of acknowledgments per authoradblaiin our dataset, in order to construct a
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variable (nvisible Coll;) which could act as a proxy of the distance orxjpnity in i and]
tendency to create a network of informal collabiorst (that of course do not result in a
published paper, and therefore is more difficultréek). In order to do so, we simply calculated
the difference between’s total number of acknowledgments anp@ total number of

acknowledgments.

Moreover, we were curious to understand whethesracf “contamination” amongst different
branches of Geography with exclusion of Economiogsaphy could play a role. Hence, the
variableOut Community served as a measure of the similarity/dissimilabgyween andj in
terms of openness and inclusion in the broadensfiecommunity of Geography. This variable
was constructed as the sum of the (not necessarijuthoretf) articles that andj wrote in the
same Top Journal(s) part of the original dataseichviis neither JES or EG. Note that a
necessary condition in order for this measure ke taalue greater than 0 is that both authors

wrote at least an article in tsameTop Journal.

Finally, we decided to take into account two measuof network centrality per each Top
economic geographer part of our sample, by comgutie classical indices tletweennesand
closeness centralitiewithin the macro network of Top geographers. The rationale behind o
choice of considering indices derived from the mekwof the entire community of Top
geographers lies on the fact that we cannot consii@enetwork of economic geographers as an
actual network; indeed, we can think about it asetwork which was created and imposed
exogenouslyby the author, but that actually originateshdogenouslyfrom the scientific
relationships built within the network of the Topagraphers’ community. To give an example
of the issues which could arise, authors who seerbet disconnected in our superimposed
network might actually have a (direct or indirestientific relationship between each other

within themacronetwork.

In particular, we are interested in accountingtfor difference between the roles that any two
geographers forming a pair play in the whole neknas “hubs”; that is to say, how important
they are in terms of acting as bridges betweencther geographers in the network, hence
assuring connectivity of the whole network. In aorde do so, we derived the index of
betweenness for both geographers forming a paird Ameir role of assuring ease of
“achievability” of any node within the network, vahi is captured by the closeness centrality

computed for all Top economic geographers. Finallye calculated the difference in

¥ This would be beyond our scope.
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betweennessBetweennegy and closenesLClosenesy indices of the authors forming a pair;

these two variables need to be considered as thiéasty/dissimilarity between potential co-

authors in terms of the strategic roles they pléiw the network.

e. Production distance

As a measure of distance/proximity in terms of eaathor’'s production capability, we simply

computed the difference between the total numbartatle published by and the total number

of article published by in the time span and Top Journals considered. sveed this variable

Prod.

Table 2.6reports the descriptive statistics.

Table 2.6 — Descriptive statistics

Variable name | Observations Mean Std. Dev. Min. Value Max. Value
Pair Ari; 83,436 .0034877 .0619285 0 4
M;-M; 83,436 .6287933 4831305 0 1
F-F 83,436 .0390719 1937671 0 1
M;-F; 83,436 .3213682 4670046 0 1
Sci Agg 83,436 10.1719 8.024816 0 32
Sci Generation 83,436 .6909967 4620853 0 1
Geo Dist 83,436 5631.374 4422.308 0 19,854
Co-auth 83,436 1.081592 1.240492 0 8
Stab Co-auth 83,436 4890612 4137633 0 1
Invisible Coll; 83,436 7.508155 18.35405 0 413
Out . 83,436 .1433074 9643211 0 33
Community

Betweenness 83,436 .0051429 .0216592 0 182
Closeness 83,436 .0138546 .019021 0 .044
Prog 83,436 .5492407 1.092859 0 6

2.5The econometric analysis

In this section, the model we have developed ara résults of a Zero-Inflated Poisson
Regression are presented and commented. First,uidteabmodel which allowed us to bring

together the different orders of explanatory vddabllustrated in the previous section, in order
to assess their potential influence on the posgibthat any two authors in the dataset
collaborate or do not collaborate in the productiml publication of a scientific paper. Hence,

our generic model can be written as:

Mi -M i sﬁz I:i
PairArt; = f| Co—auth , StabCo- auth ,OutCommurty; , InvisibleQll; ,

- F,, SciAge, SciGenerabn,

ij

GeoDisE ,

(2.4)
Betweenness, Closeness,Prod,
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Nonetheless, we must recall that our units of olzems are all the possible pairs of authors.
This means that we can expect our dependent vartaltbe equal to O many times. Therefore,
we need to think about a method of estimation wialkbws us to take into account the high
number of zero counts. In fact, the number of zgronts is greater than one would expect for a
Poisson distribution: 99.6% of all possible paifsaathors in our dataset did not publish any
article together in the Top Journals we are comsigge.g: they are not a “real” pair). Hence,
we opted for using an extension of the Poisson indgpically the so-calledZero-Inflated
Poisson Regression (hencefqrtBlP), in which the response variable needs toabeount
variable and its variance needs to be relativebgelto its medfl, and each unit has the same
length of observation in time (Greene, 1994). Bakic this type of regression consists of two
separate models that are then combined togetHesgé model is generated for “certain zero”
observations in order to understand whether easkrehtion is part of this group or not, and
then aPoissonmodel is estimated for the prediction of the ceuritthose observations that are

certainly non-zero.

Therefore, we cannot use an OLS estimation proegdamd we need to rely on a Poisson
regression, which is estimated by means of maxintikelihood estimation techniques. The
independent variabl@airArt; can take values

0 with probability p
PairArt; ={ , r‘( ) . .

Poissony; ) with probability 1-p
Hence, in our model the number of article any gmegpairij has written together has a Poisson

distribution with a conditional meanu( ) that is a function of the independent variables.

a+pBM;, =M, +B,F -F, +[,SciAgg + ,SciGeneraton; + S,GeoDist; +
U; =exp + B;Co-auth, + 3,StabCo-auth, + Z;,0utCommunty; + 3, InvisibleColl; + (2.5)

+ [, Betweennes; + S,,Closeness + 3, Prod;

Finally, in order to test whether our model chowas correct against the use of a Standard
Poisson regression, we run a Vuong test (basetieivaong’s statistic (Vuong, 1989)), which
allows us to reject the hypothesis that a StanBaidson is preferable to the ZIP.

2 As we could see in table 2.6, which reports afeodescriptive statistics of our response variabis, is exactly
the case. This is also the reason why we couldusetaZero-Inflated Negative Binomial Regressiirambert,
1992): this method requires, in fact, excessive memof zerosut alsooverdispersion (typically, the conditional
variance needs to be significantly larger thanciveditional mean).
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Table 2.7reports the estimates of six different models we (A to E). In order to get to model
E, which we consider the final model, we first teséeand B as base models, by adding some of
the explanatory variables according to the critdeacribed in section 2.4€.: variables related

to gender, relational, and geographical distanchK)re in details, model A encloses the
measures of gender and spatial distance/proximitygel B adds the NA indices proxying the
similarity/dissimilarity in terms of strategic role the macro network of Top geographers.
Furthermore, models C and D enrich our estimateth vei the measure of production
distance/proximity, together with all the measurekted to relational similarity/dissimilarity
between the pairs generated in our scenario (Imothe Poisson and in the Logit component of
the equation). Finally, model E tests the role playy scientific experience and scientific

generation.

Since we believe that model E is the most exhaustimengst the others, we now proceed on

commenting the results by referring to it exclubive
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Table 2.7 — Empirical Results (Zero-Inflated Poisso Regression)

POISSON (Dep. Var. Pair Af)

(Al [B] [C] [O] [E]

coeff. Std. Err. coeff. Std. Err. coeff. Std. Erf.  coeff. Std. Err. coeff. Std. Err.
Constant -2.67%%* 334 -2.66%** .328 -3.11%** 231 -2.13%** .245 -1.63*** 275
Mi-M; .260* 137 .249* .136 .232* 136 .270* .138 272*% 139
Fi-F; .836** .252 .913*** 251 877> .245 739%** .253 T48*** .254
Geo Dis -.00009 .00006 -.0001* .00006 -.0001*** .00003 00&** .00003 -.0001*** .00003
Betweennegs -2.68 3.184 -5.49 3.76 -6.41 4.03 -6.20 4.01
Closeness -05.2%x* 14.23 -96.6*** 14.86 -106.0*** 16.13 106.2%* 16.37
Prod; .068 .046 -.180*** .047 -.169%** .048
Invisible Coll -.011 .013 -.029** .015 -.023* .014
Stab Co-auth 161 .188 172 .188
Sci Agg -.007 .023
Sci Generatiop -.890* .363
Constant 2.50%** .340 2.003*** .350 .903*** 277 3.28%** .28 3.92%** .333
Geo Dis .00005 .00007 .00003 .00006 -.00003 .0000¢4 .00004 00004 .00003 .00003
Out Community -1.54%%* 274 -.B4 7+ 151 -.829%** 219
Invisible Coll I el .027 .106*** .021 .130*** .026
Co-auth -.847%* .069 -.895%** .073
Sci Age 011 .030
Sci Generatiop -1.37%** 485
Vuong-statistic 1.46% 1.33* 2.61%* 6.04*** 6.04***
Log Likelihood -1881.7 -1784.431 -1717.933 -1612.832 -1606.12
N 83436 83436 83436 83436 83436
Non-zero obs 281 281 281 281 281

Legend: *** coeff. significant at 1%; ** coeff.gificant at 5%; * coeff. significant at 10%.
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First of all, if we look at the measures relatedjémder, we see that a pair in which both authors
are either females or males positively affect thenber of predicted published papers, as
compared against the reference group (a mixed-geyalg. Additionally, evidence on female-

female pair is stronger and more significant thamdence on male-male couple. Hence, we

could assume that intra-gender scientific collabongpays off.

With regard to the role played by spatial distara=e expected, the coefficient Geo Disj is
highly significant (1%) and negative: the higherthge distance that spatially separate any two
authors forming a pair, the fewer the predictedepsypublished together. Therefore, we could
comment that, although new technologies and trahspthancement facilitate high-distance
collaboration, face-to-face communication (Cowad danard, 2004) is still an important factor
in determining whether or not two authors decidedtfaborate. However, the spatial distance
does not significantly affect the likelihood of apgir in our sample to be part of the “zero-
group”, as we can assume from the estima®®ex Dis} included in the Logit part of model C.
Moreover, we must take into account the fact thviien building our dataset and its subsample,
we recorded as an author’s affiliation the mosemtmne, irrespectively of whether the same
author was affiliated to different Universities the past. This is relevant in explaining our
results, because they could suggest that what reagt@ot the geographical distance per se, but
thepoint in timein which two authors got to meet each other. &, fa might be that two authors
were affiliated to the same University in the p@std therefore they were geographically close
to each other), but as of 2007 they were not. Nwless, they established a formal or informal
scientific relationship that brings them not tolabbrate with each other at present, due to the

spatial distance. In other words, if they were etpthey would have published together.

As far as the measures of relational distance @meerned, we notice that stability in the choice
of co-authors over time does not affect the numiifepublished papers, as shown by the
coefficient ofStabCo-authy. On the contrary, the related coefficient of cékauship Co-auth),
which can tell us about the authors’ attitudes towabuilding relationships within their
scientific community, appears to be significant am&bative (Logit component). This result
suggests us that the more the two authors fornfiagpair differ in the average number of co-
authors per paper they publish, the less likelthes pair itself not to publish any paper jointly,

hence to be part of the zero-count grdup

2L It is important to recall that coefficients in thegit part of a Zero-inflated Poisson regressi@venhto be
interpreted in reverse as compared to the Poissopanent. Hence, a coefficient presenting a negaign in the
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Instead, if we take into account the role thatahthor’s propensity to build relationships outside
the sub-field of Economic Geography, the coeffitiehOut Community is highly significant

and negative (Logit component): the higher the neimbf articles the two authors have
published in thesameTop Journal which is not directly related to theldi of Economic

Geography but to Geography broadly, the more ulylilethat they do not publish together any
article in JEG and EC (hence, in their specific sffiencommunity). This result could suggest
us that scientific relationships which are extendegond an author’s restricted field of expertise

and community might help reinforcing an author’enm his/her own scientific community.

Additionally, the coefficient ofBetweennegsis not significant; this result suggests that the
dissimilarity in the strategic role played by amyotgeographers forming a pair in their macro
scientific community does not significantly affeat pair's production. On the contrary, the
distance in terms of ability to keep the networkmected and to facilitate interactions between
geographersGlosenesy within it does influence a pair's production: thighher the difference
between the two authors the fewer the articles thegtish together, hence the intensity of their
collaboratio®.

Furthermore, one of the questions we posed ourseles whether informal collaborations
which do not end up being “formalised” in the cdkarship of one or more papers do play a
role. The estimate ofnvisible Coll; is positive and highly significant (1%) in the libg
component: the higher is the difference between tthe authors forming a pair in the
engagement within the informal community of pairs the form of informal collaborations
which are recorded for our purpose in the “Acknalgiments” section of each paper we
downloaded to construct our dataset), the higheénes probability of being part of the zero-
count group — of not publishing an article togethiéris result is important in the sense that it
would suggest that informal scientific collaboragodo matter. On the contrary, it is negative
and significant at the 10% confidence intervalhe Poisson component. Hence, it is suggested
that the smaller is the difference in the sizeh& hetwork of informal collaborations between
any two economic geographers forming a pair, thghdn would be the chance of them

Logit part of the regression shows that a 1% chandlee predictor decreases the chance of belortgitige “zero-
observation group”, holding all other factors fixed

2|n this regard, it has to be reminded here thaameeconsidering theifferencein the betweenness indices, and the
differencein the closeness indices between any two paiteargenerated scenario, which is different fromngk
into account the NA index itself (for further dd$aiplease see Section 2.4, panbf this chapter concerning the
variables description).
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collaborating together, but the lower would be ihensity of their collaboratidfi. In other
words, having a strong network of informal colladigon increases the chance that the same
collaboration gets formalised, but does not inceet®e “intensity” of a formal collaboration

when already in place.

With reference to the difference in total productioetween the authors forming a pair, it is
interesting to notice thakrod; is significant at the usual confidence levels (1%6)d shows a
negative coefficient. This could be interpreted s tact that the higher is the difference
between the number of articles published by the &awthors, the fewer the predicted papers
published together. This result might suggest thave consider scientific production as a
measure of an author’'s quality and we could divide sample in high and low “quality”
authors, we could infer that it would be more lk@&r better, it would pay off) for authors of the
same “quality” (high-high or low-low) to be workintpgether than for authors of “mixed
quality” (high-low) 2% Clearly, this interpretation generates issueatedl to whether we could
consider the total number of an author’s publicegias a measure of the quality of his/her work,
but this would open a completely different topiacdadcussion.

The results we obtained by addi®ri Generation could help us shedding light on this
phenomenon. The variable is significant in both congmts of the regression (although the
result is stronger in the Logit component than @ Boisson component), and displays a negative
coefficient. On the contrarysci Agg is not significant in any case. This result is icatarly
interesting; for example, it might suggest thaoitild be better for a scientifically old authom- i
terms of “intensity” of the collaboration (measuminumber of published JA with the same co-
author), to be collaborating with a scientificajlgung author. Nonetheless, this relationship does
not pay off if the co-authors are too distant imtg of age i(e. “too young and too old”). A
possible explanation might lie on the role playgdrdividual incentives: the young and the old
might be attracted to work together (because othiag incentive¥), but, when they actually
do it, they realise that the collaboration behawi@itoo different, up to diminishing their

% This relationship will be investigated further@hapter 3 of this thesis, where we attempt to baicempirically
testable model which can capture more explicithg thotential difference in terms of formal and imfiad
collaborations.

24 On this point, we should not incur in the error difregarding individual’s incentives and willingise to
collaborate. In fact, in order for a collaboratimnbe established, there needs to be mutual agrédméveen the
two authors. This reasoning links to an importastigiction we will make clear in chapter 4, where distinguish
betweentwo-sided linksandtwo-fold links(Bala and Goyal, 2000). For further details, péessfer to Chapter 4,
section 4.2 of this thesis.

% As an example, the reader could think about thensific relationship between Ph.D students andirthe
mentors/supervisors.
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productivity at the end (relatively to the produiy level they could have achieved with a co-

author belonging to the same scientific generation)

Moreover, if we assume that there is a correlaietween an author being “high quality” and
his/her scientific age, then we could infer tha¢ thider the author the higher the number of
papers he/she had published. Nevertheless, tiegnetation is not endorsable, in the way that
we did include in our modebci Agg with the specific aim of controlling for this pasie
misinterpretation. Hence, we might infer that beisgentifically old” could also imply that, for
example, an experienced author belongs to a cegtneration of researchers in his/her field,
and could potentially be more exposed to collalbamatvith other authors belonging to the
same/the closest generation. This result could laksd us to the conclusion that there exists a
sort of “invisible college” authors belong to, whibuilds on the University in which authors had
studied together, or on the very first Departmentvhich authors had worked together, and so

on. The same applies to “scientifically young” autho
2.6 Conclusion and research agenda

This essay aimed at studying the potential detemtsnaf scientists’ collaboration choices.

Rather than assuming as unit of analysis the sirggearcher, we wanted to look at pairs of
researchers, in our case Top economic geograptmeparticular, we built a scenario in which

we analysed all possible pairs of co-authors, andhatching different orders of characteristics
we were able to suggest some mechanisms that gdludnce the success of a collaboration in
terms of its “intensity”, that is the number of fished papers in the Top Journals of the
scientific field considered. Moreover, we took irdocount difference/similarity between any
two researchers potentially forming a pair, by ¢arding different orders of distance/proximity

between authors, according to gender, experieneegrgphical and relational factors. We
believe this approach needs to be considered ewmaiive, since the single author’s productivity
over time is not considered as a response varidhie rather as a possible explanation for

collaborative behaviour.

The results of a Zero-Inflated Poisson model suggeshat all the relational explanatory
variables we included do play a (positive) rolesiraping scientific collaboration decisions and
that within-between scientific sub-communities amirmal collaborations — together with the
“traditional” form of collaboration, namely co-awattship, are crucial determinants of scientific
behaviour, as well as spatial distance still afewtgatively the likelihood or the success of a

long-distance collaboration, despite the availgbdf new technologies.
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Nevertheless, our research is limited to an exthgramall scientific community, and further
research should think about enlarging the sampiéadduding additional fields of research, and
by extending the time-span. Additionally, no atttibnal features of the single geographer were
accounted for. This was due to the fact that pdirsdividuals represented our units of analysis.
On this purpose, it would be useful to extend thgearch to a sort of mirror image analysis that
matches the results we obtained in this essay avitthence from an analysis based on the same
sample, but that looks at groups of geographersndigsshed and categorised by common
attributional features. Hence, looking at the temge that certain groups of economic
geographerse(g.: malevs. female; scientifically oldss. scientifically young) rather than others
have towards collaboration. Another aspect reltadetie above concerns the possibility of better
accounting for other than the one-to-one collabonatwhich we considered in this analysis, and

that naturally emerge from the real network of Tepgraphers, for example, triplets.

Moreover, it would be useful to replicate our asayby considering two different points in
time, so that it could be possible to account f@ year in which two co-authors published a
paper together, if they do; hence, producing ma®uiate estimates, and controlling for the

specific collaboration pattern over time for evgeographer.

Furthermore, it might be interesting to re-build dependent variable by weighting it according
to different criteria. For example, it could be glgied by the total number of issues or the total
number of articles each Journal had published oh sear; in this way we would be able to

normalise the number of articles published by gaaih according to the actual slots offered by
different Journals in different years. Or again, eald weigh the depend variable using a
measure of the quality of the authors forming a;ghis could be applied by taking into account
the authors’ impact factor index, h-index, or gerd

With regard to the estimation method, it would biesting to extend or replicate our analysis
using a development of the Tobit regression, sucthasHeckman’s sample selection model
(Heckman, 1979). This model, being slightly morehssiicated than the one used in this study,
could help in shedding light on our results, altfjlout better performs with continuous rather

than count data.

Finally, we believe that more light should be sbadhe influence of an author’s productivity on
choices of collaboration, by using complementanid@f analysis, such as those which are now

typically adopted in the field of Experimental Econosn
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Chapter 3

Incentives and Behaviours in the Formation of Scidrfic Networks:

An Empirical Estimate of Jackson and Wolinsky (199%

3.1 Economics and Network Analysis: a promising budlifficult relationship

When Network Analysis (NA) emerged, originated frone initial intuitions of J.L. Moreno
back in the ‘30s and ‘40s (Moreno, 1946), and dagwedl in the ‘50s and ‘60s in two distinct but
intertwined fields of sociology and anthropologgoeomists were very suspicious about an
approach “which did not explicitly include pricesdaindividual incentives in the analysis”. As it
often happens in the history of economics, the@steraised when networks started to be studied
adopting the so-called “complex systems appro&ch”

In particular, these disciplines went back to thiginal mathematical literature dealing with
random graph theory (Erdos and Reny, 1959) anddated in the NA literature the concept of
topology. In other words, they defined the archiiee of networks, including some static
indicators (.e.. degree distribution, clustering coefficient, age path length), and different
laws of motionsi(e.: random vs. preferential attachment) that allowezbmparison between
actual networks and benchmark ones.(random networks, scale free networks, small world
networks, regular networks, etc.). Hence, everhd&ytdid not “include prices and individual
incentives”, they succeeded in building a framewalsle to describe the structure and evolution
of large complex networks, whose statistical prbopsr could easily fit the asymptotic

requirements of theoretical models and allow féer@nce analysis.

In the meantime, by the end of the ‘80s, game thhad become one of the leading approaches
in the economic literature to model agents’ behawvad the micro level and, later, the concept of

% On this point, please see Chapter 2, section Rthi® thesis; and for a thorough discussion o$ tesue, see
Maggioni and Uberti (2011).
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multiple strategic interactions (both in cooperatand non-cooperative games) was included in

the realm of economics.

Thus, as we explained more in detail in the intréidncof this thesis, Economics was confronted
with a double line of research: a micro (mostlyottetical) perspective studying the way in
which the strategic behaviour of agents is infleshby, and in turn influences, the relatively
simple structure of a “local” network, and a ma@mmstly empirical) perspective focussing on
the statistical regularities of the network as al&hin this scenario different economists choose
their own research path, while a general syntheass and it is still, missing.

However, an attempt to reconcile these two diffeparspective has been provided by a branch
of game theory, which is concerned with networkceghcy and stability, with the final view to
introduce individual incentives and rationalityarthe study of networks. Nonetheless, while this
(mostly theoretical) literature, which has develbdeom the middle of the ‘90s, has been
recently organized and extensively surveyed inethrecent books (Vega-Redondo, 2007,
Jackson, 2009; Goyal, 2009), no systematic reviaw lbeen written in order to organise the
much more fragmented literature on the empiricaé’éi Therefore, the aim of this essay is to
build a bridge between these two separated reajnaebeloping an empirically testable version

of one (or more) of these micro-founded models.

3.2 Theoretical micro-founded models

Looking for a model and a dataset to be used ijucation to achieve this aim, we focussed on
one of the seminal papers in the micro theoretitahture on networks (Jackson and Wolinsky,
1996), and we decided to further exploit a datathaewas already built on the co-authorship
behaviour of Italian academic economists (Cain&liaggioni, Uberti and De Felice, 2012) by
enriching it with new fresh deth We opted for the models by Jackson and Wolinsky
(henceforth J&W), because they are, to our knowledge, amdrg few, if not the only,
theoretical microeconomic models which explicitlyy tto address scientific collaboration
phenomena. The main innovation brought about thieoasitconsists in the application of their
models to specific “allocation mechanism of non-eargoods” (J&W:46) in aooperative
setting.

In their paper, J&W introduce two distinct modelsatt take into account different value

functions which can be defined on the network. Mspecifically, the authors develop a

21 A first limited attempt (focussing on the “ecoricngeography of knowledge flows”) is provided by @fgoni
and Uberti (2011).
% See section 3.5 of this chapter.
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connection model where benefits and costs of forming and maiimginlinks (hence,
relationships) with other agents are consid&edand aco-author model where links are
interpreted as collaborations amongst agents, lenditect benefits and the indirect costs of the
collaboration are included in the utility functfSnBoth models have the common feature that
agents can only buildvo-sided link&". While the focus of their paper is on the tradiebefween
network pairwise stability and network efficien@y issue that will drive most of the subsequent
contributions (Slikker and van den Nouweland, 2QR#hnson and Gilles, 2000; Bala and Goyal,
2000; Watts, 2001; Jackson and Watts, 2001), whadtlgn interested us was the trade-off
between theconnections modelwhich is focussed on the individual's (knowledgeglue
determined by his/her relations in the network liwienefits deriving both from “direct” and
“indirect” partners, although with weights beingcdeasing with the length of the relational
distance), and theo-author modein which indirect connections enter the utilityn@iion of the
agent in a negative way, since they detract timmfone's co-author(s). In fact, one of the main
limitations shown by J&W models is the fact thaeyhconsider the implications of the two
models separately; they do not take into accoumtetinpirical evidence that both “co-authors”
and “connections” matter in the dynamics of coopeeanetworks (such as scientific ones). As
Goyal (2007:212) suggests, a richer model shouldexeloped, so that, for example, the two
models could be integrated and different value tione could be assigned to each node, hence,

allowing agents’ heterogeneity.
The original theoretical models presented in J&Waaréollows.

The first is theconnections modelhich “models social communication among individtia
(J&W: 49). This model specifically distinguishesween “direct” and “indirect” connections. A
node (an economist in our case) benefits both fiterknowledge he/she can get from nodes is
directly connected to, and from the knowledge amegsfrom his/her adjacent nodes’
connections. The only difference between these timdskof communication consists in the
costs, which are dependent on the distance ofdheections. The less a connection is distant,
the more the communication is valuable betweenetis nodes. Therefore, value and costs of

communication depend on the distance between anypaodes in a network. These features

2 |n theconnections moddihks represent relationships.

%9 In theco-author modelinks represent co-authored papers.

31 Two-side link formatiommplies that the creation of new links between amy node in a network requires mutual
agreement between the two parties, while severafhegisting links is unilateral. Please note thas tconcept is
different from the concept dfvo-flow links(Bala and Goyal, 2000), which refers to mutual klsalge exchange
between two or more nodes in a network when a isn&stablished, independently of who proposes ittle tb
whom.
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of the connections modémply that “individuals must weigh the benefits aflink against its
cost” (J&W, ibid).

More formally, if w, =0 stands for the value that agemdssigns to himself (in terms of self-
perception of his valuely, >0 represents the “intrinsic value” assigned to agérim agent;
and c; represents the cost that agemtears in order to maintain a link)(with j, then we can

represent the utility that any agergets in the networg as:

u(g)=w, +> o"w, - Y (3.1)

j#i j:ijdg
“‘where t; is the number of links in the shortest path betweemd | 32 0<J<1captures the

idea that the value thatderives from being connected fois proportional to the proximity of
j to i. Less distant connections are more valuable thame ndistant ones, but direct

connections are costly” (J&Whid). Therefore, theonnections modelpecifically accounts for
positive externalities which are generated fromabmrative processes; and since also indirect
connections are beneficial, the more the numbendifect links, the higher the value that an

individual is able to extract from his collaboratipetwork.

The second is theo-author model The phenomenon of multi-authored scientific pageas

been recently investigated from an empirical pesspe by economists (see, for example,
amongst the first important contributions, Newma@p1; Goyal et al., 2006; Maggioni and
Uberti, 2009), which shows that co-authorship isca@nstantly increasing trend amongst

scientists.

Let us consider a group of authors (researchers)swimain aim is to produce scientific
knowledge in the form of published papers. Accaydia the J&Wco-author modelauthors

cannot write papers alone, but they can only coliate with other researchers in doing so.
Clearly, this assumption is restrictive, in part&uif we consider that in real networks

researchers do publish also alone. Neverthelessries the purposes of the model.

Each author is a node in the network of potentiahgthors and has a certain amount of time
available to spend collaborating with others. Asy@q2007:208) points out, “starting a new
project allows access to the skills of a new pararal this is attractive, but a new project also

takes time away from existing projects, which rextutheir worth”. Therefore, the crucial

If agentsi andj are not connected (neither directly nor indiréctlyence there is no path between them, then

tij:oo.
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feature of the model is that it intrinsically geamt®s negative externalitiesfrom the
collaborations (that is, links). In fact, adding madinks increases the number of projects/papers
and possibly the number of co-authors a reseatdserbut at the same time, the quantity and the
quality of the time they can invest in each projecteduced (providing that authors have time

constraint t.e.: a fixed amount of available hours -).

J&W suggests two different versions of tteauthor modelfirstly, it is useful to briefly detalil

J&W general model

Supposeg is a network of researchers. We defing as two different authors in the network,

while n;,n; are the projects (or papers) authoand j are respectively working on. The utility

(or productivity in this specific case) of authois given by

ui(g): Z\Ni(ni’jvnj)_c(ni) (3.2)
jiidg

where c(ni) represents the cost authorhas to bear in order to maintaim connections

(therefore, projects). Moreovew (n;, j,n.) is the utility authori gets when he/she is directly

connected witlj , andi and j are working onn;,n; projects respectively. Hence, one’s utility is

given by the sum of the utilities he/she gets frbe/her connections minus the costs of

maintaining them.

However, a morepecific versiorof the model is provided by J&W, due to the fdwdttit better

details the phenomenon under investigation.

In a network in whichn, is positive, agent’s utility function is given by

1 1 1 1
u, = —+ — 4+ — [ =1+|1+—
(9) j:ijzﬂg{nu n; nlnj:l ( n

1
jZ o (3.3)

jijOg 'y

where agent’s utility function is equal to O if he/she is nowolved in any collaboration (see

above). Also in this version of the mode|, represents’s number of links andh; representsj

's number of links. Given an initial time endowmaevtich is equal to 1, utility depends on the

time all researchers involved spend in total orpecsic project {i+ij plus what J&W
n n
i j

define assynergy eﬁect(i], which is a sort of benefit from the joint “prodion process”
inj
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(J&W:56). As the number of project increases, tiieesgy effect decreases; hence, they are

inversely proportional to each other.

Notice that, if we compare this version of the moslh the previous one, we can realise that
direct costs of connections do not enter the wtilinction in an explicit way. This is explained
by the presence afegative externalitiesadding new links represents an indirect costtlier

authors, which diminishes the synergy effect, tfoeesthe utility they get.

3.3 Towards an empirical version to be tested

As explained above, these two models seem pedeatddcribe the kind of environment in which
academic researchers live and work. Nevertheles§amayol et al. (2008:340) remarks, “The
(...) structures in these two models are very sinjpbenplete network, empty network, complete
star, disconnected pairs) and have little in commath real social or economic networks”.

Hence, we must integrate the theoretical modeladapunting for two limitations that emerged
from J&W contribution.

First, an interesting point consists of mergingtthe models in an encompassing model, since in
real life the general creativity (and productivity) a scientist is definitely related to his/her
networks of direct and indirect relations, but #otual performance depends on both his/her co-
authorship behaviours and the co-authorship bebewimf his/her co-authors which are
competing for a limited amount of “working” time ¢@an and Jonard, 2004); therefore, it does
not depend just on the mere number of direct awmlifaot connections as in J&W original

models, but also on the scientific behaviour othscennections.

Second, when trying to implement a testable modsét on a theoretical one, the main problem
consists of identifying the theoretical hypothesesich may be tested as such and the
hypotheses which should be modified in order toovell(for example) for individual
heterogeneity, as recently underlined by the resalitained in controlled experiments on
network formation, such as Goeree et al. (2009)orbter to do so, we must integrate J&W
models with other variables which reflect more elgsempirical scientific collaborations. In
particular, while J&W are concerned with differeadeetween individuals in terms of direct
connections (in theo-author modéland indirect connections (in tlw@ennections modgbnly,

we decided to integrate our testable version ofntleelel by introducing two additional aspects
which allow us to introduce heterogeneity amongshemists, therefore to reflect more closely
the processes of scientific collaboration. Firgillolving somehow the suggestions of the
connection model, we account for the scientificdquaion of each Italian Economist at timg,
second, we introduce some attributional variablefiose aim is to grasp individual’s

characteristics in terms of talent and disciplinsggtor, together with “classical” features, such
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as gender and geographical origin. In doing so,gawebeyond the simplicity of the original
models and the underlined individual homogeneitglied by the theoretical assumptiorsg.:

available time equally split amongst different ig).

Therefore, while Cainelli et al. (2010, 2012) showswht (at least for Italian academic
economists in the period 1969-2006) productivitgdépendent on ‘attributional’ variables (such
as age, gender, academic position, tenure, seéentib-discipline, geographical location, etc.),
‘relational’ variables (such as propensity to caape and the stability of cooperation patterns)
and ‘positional’ variables (such as betweennesscdoskness centrality indices and clustering
coefficients) but with no sound microfounded théioed model; here we build a testable model
based on both theonnectionsaand theco-authorship modelsf J&W, to test the effects of direct
(co-authors) versus indirect (co-authors of co-argh scientific relations on an individual
scientist’s productivity.

The first stage involved the construction of a “gaiemodel describing productivity of an
individual scientisti at timet by “merging” the co-authorshipc6- authorship'™) and the
connections ¢onnectiors, ) models in a single equation, and integratingithwwo orders of
control variables, regarding attributionahy', AV'™) and relational RV',RV'™) individuals’

characteristics at timeandt-1:

Prod, (g) = f{co-authorship™, connectios™, AV, AV, RV', RV} (3.4)

Equation (3.4) can be re-written as follows, by ey describing the way in which we
computed the J&W variables, as it will be bettetaded in section 3.4,

229 ,AVE, AV RV, RV (3.5)
DIStIZ I 1 I 1

} > Prod;*

1 1
Prod. =fll+|1+
R e b

ij0g

wherei, j, z are different types of individual scientists ir hetworkg.

In the equations above, subscriptefers to the individual scientist under analygigdicates
his/her co-authors.é.: any individual who is at geodesic distance edaal fromi in the co-
authorship networksy, refers to the co-authors of i's co-authate.( any individual who is at
geodesic distance greater or equal to 2 framthe co-authorship network) .

We thus defin®rod, as the number of WoS articles published by indisid at timet (2007-

2010); Prod}‘las the number of WoS articles publishedilByco-author(s) at timé1 (1990-
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2006); finally, Dist, refers to the geodesic distaritégreater or equal to 2) linkinigto his/her
indirect connections z{. Moreover, RV'™"captures an individual economist attitude to

collaborate with foreign economists in the past9@2006). On the contranRV' refers to a
measure of individuals’ centrality in the preseetwork of collaborations (2000-2007). With
regard to AV,'", we consider two different types of variables: oektes to the JAs stored in

WoS at timet-1; the other relates to a series of variables whimtount for economists’ gender
and origin; disciplinary sector, scientific age,daposition within the University hierarchy.
Finally, AV' represents the amount of other types of publinafiaooks, article in books,

working papers, etc.) which are recorded in therfitdatabase during the period 2007-2810

The second stage consisted of writing the effediatable version of equation (3.5), starting

from the most simple linear version to be testedugh an OLS procedure.

. . > Prod*
— ziz
Prog, =a+ ﬂl{“ (14_ Proq"lJ 2 Prodf‘l} A, I;istiZ * (3.6)

jij0g

+y AV + ), AV T+ RV + RV

However — since our dependent variable is the narabscientific papers written by a given
economist weighted for a measure of the economisfismlity”, we cannot used an OLS
estimation procedure, due to the fact that our gegaents overdispersion and excessive number
of zero counts (since more than 40% of economists published a WoS paper in the period
1990-2006 have not published a WoS paper in theemexent period). Nonetheless, since the
dependent variable has a continuous distributiom,cannot rely on a zero-inflated negative
binomial regression (ZINB), because this would eedase of count data.

Hence, we opted for a censored regression modek precisely, although we reckon that there
is no “best” or “perfect” estimation method duettie nature of our data, we are convinced that a
Tobit model(Tobin, 1958) could provide us with a good estimatof the effects which our
analysis focuses on, and that could help us tocowee the distinguished feature of our

% 1n general, in a graph, the (geodesic) distande/den two node$ andj is “the length of the shortest path
between them{Wasserman and Faust, 1994:161).

3 We added this variable in order to test whethbemtypes of scientific publications, apart froougnal articles
recorded in WoS, are complements or substitutéseiproduction of an individual scientist.
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dependent variable of being continudusand to show clustering of observations at the O-

constraint.

The Tobit model is a special case of censored ragresahich allows us to estimate linear
relationships between variables that have beerereldit- or right-censored in the dependent
variable. In our case, we opt for the so-callednsmeing from below”, since our threshold is
represented by observations taking value 0 in dgpeddent variable, which are censored. More

precisely, this model — which is estimated by meafsmaximum likelihood estimation

techniques, relies on the assumption that the ewf#gnt variabley, is non-negative and is
treated as a latent variablg,() for certain values, which therefore cannot beeold: in our

caseYy, is observed only if it is above the defined O-thaid.

The structural equation of a general Tobit regressigiven by

Ve = X B+ ¢

where andy, is the latent (dependent) variablé,is a vector of observed independent
variables, and is the error terrif.

Hence, using equation (3.6), the structural eqoaticour model is given by

. } > Prod}?

* 1 d |:|
Prod, =a + 5,1+ |1+ th
it '81{ ( Prodi”l%g Prod* % Dist ;,

3.7)
+ ), AV, + yzAVit_l + ¥RV, + V4RVit_l * &

where Prod, is the latent dependent variable which is obsefeedalues equal to the threshold

r =0, and censored otherwise.

P if P >0
Prod, = rod, if Prod,
0 if Prod =0 (3.8)

Then, the observed dependent varia®ted, is defined by the above equation.

% As it will be discussed in section 3.4, our depemidariable is not constructed as a measure afustion itself,
but rather as a “quality-adjusted” measure of potida (.e.: production is weighted by a proxy of the valdehee
scientific article and by the single author’s cdnition).

* Note thate, = N (0,07) .
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In other words, the log-likelihood of the model (athwe do not report hetd, is composed of
two parts: one that corresponds to the classigakssion for the uncensored observations, and

the other that accounts for the relevant probadslithat an observation has been censored.

3.4 Variables Description

In order to test the accuracy of the two J&W mogdalseconometric analysis was implemented.
Before presenting and discussing the empirical lt®sit is necessary first to describe the
variables which were included in the model; secdndexplain the way in which we built a
bridge between the theoretical model and the eogbidata, by presenting the rationale which
moved us in constructing the two main variablesdathors” and “connections”, referring to the
J&W models.

Our dependent variabl&oS Prodlis a “quality adjusted” measure of the scientgiroduction
of Italian economists; therefore, we considered dhéeles published at timein one of the
Journals listed in WoS. In particular, we gathem#@drmation concerning the Impact Factor
(IF)® of each WoS Journal each of our Italian economisiished in that specific year, together
with the overall WoS production of each economistimme t and the article authorship. Italian

Economists in our dataset published in a total2¥WibS Journals between 2007-2010.

If we assume that the quality of an economist ddpem the number of article he/she delivers,
on his/her percentage of contribution to that dtiand on the impact of the article in the
research community, we need to build a dependerdbla which takes into account all these

factors. In factWoS Prod® was derived in a two-step process:

= the IF of the Journal in which each article was lighled was divided by the number of

authors who wrote it (as proxy of the economististdbution, following Moed, 2005);

» the indices derived in the previous point (one &arch article published by the same

economist) were summed {ip

3" For a detailed presentation of the Tobit modelapé refer to Tobin (1958) and Wooldridge (200292@mongst

the others.

% The Impact Factor of a Journal is defined,as two- year_tot_citations_t; | wheretwo-year_tot_citationgs is
tot_art_t, +t, _A_ journal

the amount of citations that the papers publisimed generic “A journal” in a two-year period receiw the year

following the publication; antbt_art_t+t, A journal is the total number of articles published in stighournal”

in those two years. Although a lively debate onallequateness of IF as a measure of the qualpiyldfcations is

still ongoing, we opted for using this index siritcis still one of the most commonly used.

% Note that 3 years (2007-2010) were assumed topaeiad long enough to smooth for idiosyncratictfpositive

and negative) shocks (such as pregnancy, illnedshasicals) which may impact upon an individualentfic

production.

“0 Although the idea of summing up the IFs might sesmmonventional to the reader, anecdotal evideatieeged

by talking to some Italian senior academic econtaigis confirmed that this method has already beed as a
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Using an exampfé, suppose the economist W in year, z published 3 articles in 3 different
WoS Journals: Journal A in yeahas an IF of 1.334; Journal B in ygawf 1.239; and Journal C
in yearz of 1.558. Additionally, we know that the articlalpished in Journal A was written by 2
authors (including W), the one in Journal B by &aus (including W) and the one in Journal C

by 4 authors (including W)Y able 3.1summarises this information.

Table 3.1 — Example: computing the value for the #lian economist W for the construction

of the dependent variableWoS prod

WoS Journal IFin year of Authorship IF/ Authorship
publication
Journal A 1.334 2 0.667
Journal B 1.239 3 0.413
Journal C 1.558 4 0.389
WoS Prod 1.469

Therefore, the economist W hasAMpS Prodvalue that equals to 1.469. Aable 3.2reports,
overall, the dependent variable has a minimum vafu@ (in the case the Italian economist did
not publish any article listed in WoS at tit)e@nd a maximum value of 117.9.

Table 3.2 — Descriptive statistics of the dependerariable, WoS Prod

Dep_endent Obs Mean Std. Dev. Min Max
variable
WoS Prod 967 1.178 4.205 0 117.923

As far as the independent variables are concemed;an categorise them into three different
groups:J&W, attributional, andrelational variables.

a. J&W variables

The first group of explanatory variables aims tst the co-authorsand connectionsmodels
developed by J&W in the above mentioned articldlolong step by step theo-author model
the variableCo-authorshipwas constructed by assuming that each economistahasited
amount of time (set at 1) he/she can spend wrditigles among his/her other academic duties.
Therefore, we divided the available time by the bamof articles written at1 by each Italian
Economist. This ratio was then computed for althe economist’s co-authors (distinguishing

their identitied?), therefore taking into account also the WoS ksichat the co-authors wrote

criteria adopted by Selecting Committees for thiec®n of candidates in Italy. This is also comfgd by the
increased tendency to use a 5-year IF, ratherttirensual IF.

1 Example taken from the original dataset.

“2We considered co-authors distinguishing their iities because of the possibility that if an ecorstwrote more
than one article with the same co-author, for examwe would have duplicated that co-author’s reftsl
behaviour, in this way biasing the results sinceuaiteyes he/she would have appeared as a diffeoesutithor.
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with other economists. The sum of the above ratiod a synergy effect deriving from the
collaboration(s) (calculated dividing the amount tohe by the product of the scientific
production of each pair of economists) gave usGbheauthorshipvalue for each of the Italian

economists in our sample. More formally,

. 1 1
Co- authorship = (1+ Prodf'lj,-;i,zg“g Prod’t (3.8)
In order to test for theonnections modgelve considered the geodesic distances of all enmte

in our sample, excluding the direct connectidres: (economists with geodesic distance equal to
1, that is economists’ co-authors) in the netwomkidure at timet-1. We named the new
variableConnectionsand we built it by computing the ratio between eacbhnomist’'s number
of WoS articles at timé-1 over the geodesic distance that separates (os)linikn/her to any
other economists in the network. More formally,

> Prod®

Connectiog :ZiZDST (3.9)
I iz

Table 3.3summarises the descriptive statistics for thisogeplanatory variables.

Note that bothCo-authorshipand Connectionscan take value O in the cases in which an
economist did not write articles with any co-authiorthe case of the former, this is due to the
fact that the synergy effect is not computabletifi@se economists; and in the latter because if an
economist does not have co-authors is isolatedirwitie network and cannot reach any of the

other economists (in fact he/she has null valuasebiork centralities).

Table 3.3 — Descriptive statistics of J&W Explanatoy Variables

JEW EXP lanatory Obs Mean Std. Dev. Min Max
Variable
Co-authorship 967 1.250 1.257 0 8.287
Connections 967 159.630 322.294 0 3,266.57

b. Attributional variables

In this group of explanatory variables we inclu@eskt of individual's characteristics which may
influence his/her current scientific production.eTvariableFemaleis a dummy variable which
takes value 1 if economistis female, O otherwise; as well &uth which takes value 1 if
economist is affiliated to an University located in the Sowif Italy, O otherwise. Moreover, we
added other three dummy variabl@gnure which takes value 1 if economisthas a tenured

academic position, 0 otherwisEaculty of Economigswhich takes value 1 if economistis

48



affiliated to a faculty of Economics, 0 otherwisand Scientific Field which stands for 6
different dummies which refer to the scientificlieeconomisi belongs to, according to MIUR-
Cineca databa&® Finally, the variabl&cientific Agemeasures economigs years of scientific
activity (as of 31 December 2006), and it is computed as the diffasrdretween 2006 and First
Year Entry in Econlit database (since 1969).

Table 3.4 — Descriptive statistics of the Attributbnal Explanatory Variables

Attributional
Explanatory Obs Mean Std. Dev. Min Max
Variable

Female 967 0.228 0.420 0 1
South 967 0.126 0.332 0 1
Scientific Age 967 16.609 9.492 0 38
Tenure 967 0.659 0.474 0 1
Economics 967 0.557 0.496 0 1
Economic Policy 967 0.179 0.384 0 1
Public Econ 967 0.112 0.316 0 1
Econ Thought 967 0.023 0.152 0 1
Econometrics 967 0.053 0.225 0 1
Applied Econ 967 0.072 0.259 0 1
Faculty of Econ 967 0.641 0.479 0 1
WoS Production t-1 967 4.538 4.810 1 45
Other Publ t 967 0.211 0.677 0* 7

* The value can be equal to 0 in case the econdnaistnot published any scientific product differiom a JA
stored in Econlit database.

We took into account the different publication peapities of different Italian economists, in
terms of their past productivity.€.. the absolute number of WoS article publishedraét-1),
proxied by the explanatory variable we nam&bS Production tsland of other types of
scientific publication apart from Journal articlesd stored in Econlit database at tithdn fact,
the production variabl®©ther Publ trefers to the sum of economist’'s publicationsimaett
which are not listed as JAs, but as Collective VfiduArticles, books, working papers and
dissertations. We decided to include this explawyat@riable, in order to test whether these
types of “alternative” publications are complemeatssubstitutes to the currently dominating
publication type, namely the scientific journalicg.

In our model, we included these two sets of attrdmal variables in order to control for

individual is salient characteristics and to inwod individuals’ heterogeneity, so that it was

3 Academic economists in Italy may be affiliatedditferent faculties: Economics, Political Scien&mgineering,
Law, etc.
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possible to isolate factors that could have causasde in the data, hence producing distorted

results.Table 3.4reports the descriptive statistics of this grofipxplanatory variables.

c. Relational variables

The third group of explanatory variablégaple 3.5 includes a series of measures whose aim is
to grasp the relational structure built around idral economists. To do so, we included
information about the macro structure of the neknareconomists at timeand about their co-

authors at timé-1.

In particular, for each scientist, we computed\thiie of his/her betweenness centréfiin the
co-authorship network at tinteand his/her value of clustering coeffici€htAs compared to the
J&W variables described above (which anyway prowidenformation concerning economists’
relational activity), these measures allow us tketanto account and exploit the topological
structure of the co-authorship network and the ifpaole played by an individual scientist in it.
Thus, betweenness centrality refers to the straegsitioning of a scientist which may act as a
bridge between two otherwise separated groupsmwitié same scientific community; while the

clustering coefficient measures the cliquishnessnoihdividual scientist’'s co-authors.

Table 3.5 — Descriptive statistics of the Relation&xplanatory Variables

Relational _Explanatory Obs Mean Std. Dev. Min Max
Variable

Betweenness centrality { 967 0.070 0.370 0 4.438

Clustering t 967 0.174 0.317 0 1

Co-auth Stab t-1 967 0.401 0.407 0 1

Foreign Prop t-1 967 0.148 0.297 0 1

In addition, we decided to include other two measuwhich are related to the network, but
focus on the characteristics of economists’ co-asth Firstly, we constructed the variable
Foreign Prop t-1 whose aim is to capture an economist’s propengityco-author with

economists outside the Italian scientific communihat is economists who are not included in
the MIUR-Cineca database at*3December 2006 (hence, they are not affiliatedrtdtalian

University)*®. This variable was computed as the ratio betweennumber of an economist’s
foreign co-authors (distinguishing their identijiesver the total number of co-authors

(distinguishing their identities). Note thiabreign Prop t-lassumes values that range between 0

*4 For further information concerning this index @ntrality, see Wasserman and Faust (1994) and &f0),
and Appendix G of this thesis.

“5 For further information on clustering, please €bapter 2, section 2.2.

“5 Here we are talking about those economist thatawe defined above as “in-network but out-of-sathple
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(all co-authors are Italian)nd 1 (all cauthors are foreigners). Secondly, we built a \xei
named Co-auth Stab t-1 which accounts for the strength of an economisisentific
collaborations. In other words, following Cainedit al. (2012), we created an index wh
measures # extent to which an economist tends to collaborate the same c-authors over
time. It is the ratio between an economist’s numikecc-authors distinguishing ~authors’
identities over the number of an economist’-authors without taking into corderation their
identities.Co-auth Stab t-Tan take values between 0 (an economist alwaysswntth differen:

co-authors) and 1 (an economist always writes witltcyxahe same c-authors).
3.5 The data

In order to test equation (3.%ye used an original data$&built by matchincthree different data
sources: the Italian economi population drawn from the official database of thalian
Department for Universitand Researc (Ministero dell’'Universita e della Ricerc— MIUR in
collaboration with Cineca)the Econli database of the American Economic Associ;, and

Thomson Reuters Web of Science (W*.

Figure 3.1 —Distribution of Italian economists according to thér disciplinary sector (at 31
December 2006 on MIUREinecaDatabase)
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*" Partly used in Cainelli et al. (2010 and 2012) watimcern to data extracted from both MI-Cineca and Econlit
databases regarding scientific production durirgpériod 199-2006.
“8 Formerly, I1SI Web of Science.
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Data from the MIUR-Cineca database represents tdnéing point of the construction of our
sample, and refers to a population of 1,620 autiwis, at 31st December 2006, held one of the
following academic positions: Tenured Full Profes¢dFP), Full Professor (FP), Tenured
Associate Professor (TAP), Associate Professor (Aehior Lecturer (SL) and Lecturer (L).
The official MIUR definition of Economics includesix disciplinary groups; in the empirical
analysis Figure 3.1) we named these groups as Economics (SECS-P/01hoBEdo Policy
(SECS-P/02), Public Economics (SECS-P/02); Econorhicught (SECS-P/04), Econometrics
(SECS-P/05) and Applied Economics (SECS-P/06).

After having identified the population of Italiancanomistd’, we extracted from Econlit
database the information regarding their scientgroduction, as categorised according to
Econlit “product” groups — Journal Articles (JA)plctive Volume Articles (CVA), books (B),
working papers (WP) and dissertations (D). Morepwee extracted information concerning
Journal Articles (JA) from WoS.

Then, for the empirical analysis, we divided thpeaducts in just three different grouggsconlit
Journal Articles Other Econlit Scientific Productand WoS Journal ArticlesThese records
were downloaded between August 2007 and Februadg,2é&nd between October 2011 and
April 2012. They were painstakingly corrected foioes in people’s names and double entries.

Data have been divided into two different time pds according to the scientific products stored
in the above mentioned databases: 1990-Z0Q%and 2007-201Qt) for a total of 20 years.

In order to extract the sample to use in the emgliranalysis, we selected Italian economists
who (in the period 1990-2006) have published astleae article in a Journal indexed in WoS.
Hence, we obtained a total of 967 Italian econmnistording 3,050 Econlit JAs; 1,914 other
Econlit publications, and 3,605 WoS JAs in the @@&ri990-2006. With regard to the period
2007-2010, 338 Italian economists did not publisly article at all; hence, 2,109 Econlit JAs,
1,327 other Econlit publications, and 1,711 WoS Jdikse consideredl@ble 3.6.

Table 3.6 — Number of Scientific Products publishedby the selection of Italian Economists
(967) att and t-1 as stored in Econlit and WoS databases

Publication type 1990-2006 (t-1) 2007-2010 (1) 19810
Econlit JAs 3,050 2,109 5,159
Other Econlit publications 1,914 1,327 3,241
WoS JAs 3,605 1,711 5,316

“9 Please note that 18 out of 967 economists in @mpte do not come originally from ltaly, but arelirded in the
MIUR database since they are affiliated to onéhefltalian Universities.
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Nevertheless, in order to derive the attributicenadl relational characteristics of the population,
which are used for the construction of (&) variables and consequently of the variables relate
to the connections and the co-author models, wdeatet enlarge our dataset by researching for
information regarding scientists (not necessarigor®mists) who, although part of the
considered network, were not included in our sampleis is due to the fact that Italian
economists, obviously, do not write Journal arickxclusively in collaboration with other
Italians, but they do also with foreign co-authomhose information were not available to us
after the first data download. Therefore, we caéldcinformation on scientific production
(Econlit and WoS) also about these “out-of-sample im-network” authors for both time

periods.

It has to be remarked here that the constructiahisfdataset follows an “ego approach”, which
could also be named as “micro approa¢hin fact, starting from a sample of economists who
have in common the characteristics of being Italiand being amongst the most “productive”
(hence, influent within the Italian economists coomity) in the period 1990-2006, we decided
to track their scientific behaviour in the follovgmperiod (2007-2010), so that a potential change
in the relational attitudes of the economists cdwdde been analysed.

Table 3.7 — Academic Position and Gender (at 1December 2006 on MIUR-Cineca

Database)
A;:Sditei(r)r:C Male (n.) Marlgv\(l‘;/()) by Female (n.) Fen}il\f\is(;ﬂ) by Total (n.) TOtra(;lv\(/(;/()) by
TFP 351 36.30 45 4.65 395 40.95
FP 83 8.48 23 2.38 105 10.86
TAP 107 11.07 52 5.48 160 16.55
AP 90 9.41 35 3.72 126 13.13
SL 43 4.45 38 4.03 82 8.48
L 72 7.45 25 2.59 96 10.03
Total * 746 77.15 220 22.85 100 100.00

* Totals might be different due to rounding.
Before proceeding with the description of the valea we built, it is worth spending few words
on the composition of our dataset, according to ftil®wing criteria: gender and academic

position; Athenaeum and facutty

0 In the existing literature the majority of the gaenconstructions embraces a “macro approach” ndenined
also in the introduction of this thesis. Anotheagle of this antithetic approach is provided kg study presented
in Chapter 1 of this thesis.

* Information updated at $December 2006.
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Our sample is composed of 967 Italian Economistsoreg which just 221 females (22.99
Moreover (and more interesting), if we consider gender distribution across all Acader
positions, the finding by Cainelli et al. (2012)carding to wich Italian Academia refleci

genderbiased distortion characterising, more generdtlg,ltalian Labour Market, is confirme

Figure 3.2 —Italian Economists according to their Faculty of afiliation (at 31% December
2006 on MIUR-Cineca Database
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Table 3.7reports percentages of male and female Italian@uo@sts per Academic position. ¢
we can observe, the highest percentage of maleoausts (36.3%) occupies the top positior
Tenured Full Professor, while the majority of femaktonomists iTenured Associate Profess
(5.48%), followed by a 4.03% of women occupying iBerecturer roles, whereas only t
4.45% of men is in the same position. Although tieisult is discouraging, it slightly deviat
from the results obtained by Cainelli e. (ibid), in the sense that they found that most of
women occupies the position of Senior Lecturerofaelr position in the Academic ranking

compared to TAP). This difference might be expldilgy the fact that, despite we built ¢
dataset startinffom the database used by Cainelli et ibid), we restricted our attention to t
Italian economists who have published at leastastiele in a Journal listed in WoS. In this wi
we believed we made a selection of the most tadeftidian economis, since it is widely
agreed that articles listed in WoS have an higmgraict on the scientific community than Eco

ones do.

With concern to the faculty Italian economists Ibgido, as illustrated ifigure 3.2, 64% is

affiliated to the Faculty of Emomics and 15.9% to the faculty of Political Scendhe
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remaining 19.9% is affiliated to diverse Facultiessluding Law (9%), Statistics (3%), and
Engineering (2%).

Finally, astable 3.8 shows, the majority of Italian Economists (51.4%)affiliated to an

University located in the North of Italy.

Table 3.8 — Italian Economists and Academic Affilifion according to geographical areas
(at 31% December 2006 on MIUR-Cineca Database)

Geographical Area Economists (n.) Economists (% by rows)
North 498 51.40
Centre 291 30.09
South and Islands 178 18.51
Total * 967 100.00

* Totals might be different due to rounding.

3.6 The empirical results

In this section, the results of a Tobit estimatodrthe scientific production of Italian economists
are presented. As shown tiable 3.9 we tested 7 different models, starting from aeba®del
(model A) which was further extended to get tocher model (model 1) able to provide a more
exhaustive explanation of the phenomena. The ettsnaf the Tobit regression are presented
and followed by information on the truncated oba#ions, together with an ancillary statistic

(sigm@, which is analogous to the square root of thelued variance in an OLS regression.

More in details, table 3.9 presents the estimateswo series of models we decided to run, in
order to check the influence of both attributiomafiables and relational variables. Models A to
C refer to the set of attributional variables, whillodels D to G are designed for including the

set of relational variables.
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Table 3.9 — Determinants of Individual economist Sentific Production, 2007-2010 (Tobit

regression weighed at WoS Prog 0)

TOBIT REGRESSION (dep. var. WoS Prod) — weighed/S Prod< 0

(Al [B] [C] (D]

coeff. Std. Err. coeff. Std. Err. coeff. Std. Err. coeff. Std. Err.
Constant -235 %5 52.48 -239.8+ 52.6 -221.6+ 52.14 -198.9+ 51.85
WoS Production t-1 612 .071 599 .071 557 .070 469+ .073
Co-authorship A2% 173 A3 175 369 173 .245 175
Connections -.00% .001 -.003 .001 -.003 .001 -.002 .001
Betweenness Centr [t
Clustering t
Foreign Prop t-1 2.69+* .657
Co-auth Stab t-1
Other Publ t 762 .163 791 .162
Female -7.08 472 -.038 472 -.026 467 -.065 463
Tenure -.959 465 -.875% .465 -.724 461 -.581 458
South -.965 .598 -.991 .604 -1.18 .598 -1.09 .593
Econ. Policy -.617 .532 -.666 .526 -512 .523
Public Econ -1.98+ .673 -1.86+ .665 -1.74~ .659
Econ. Thought -1.35 1.34 -1.20 1.33 -.892 1.31
Econometrics .615 .836 .939 .828 1.08 .822
Applied Econ -471 .784 -.810 .783 -.721 74
Scientific Age 116 .026 119 .026 109 .026 .098 .025
Faculty of Econ .409 407 .343 407 277 402 225  .399

FIT STATISTICS

Sigma 5.39+ .162 5.37= 161 5.36= .159 5.2%= 157
Left-censored obs 394 394 394 394
Uncensored obs 573 573 573 573
Right-censored obs 0 0 0 0

Legend: *** coeff. significant at 1%; ** coeff. sijficant at 5%; * coeff. significant at 10%.
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TOBIT REGRESSION(dep. var. WoS Prody weighed at WoS Prod 0

[E] [F] [G]
coeff. Std. Err. coeff. Std. Ern.  coeff. Std. Err.
Constant -21677 52.49 -206.8+ 52.21 -210.0* 51.95
WoS Production t-1 564 .071 557 .070 ST .070
Co-authorship .283 .200 271 174, 334 173
Connections -.00% .001 -.00%+ .0009 -.004 .001
Betweenness Centr t oo 145 496
Clustering t 3.6% 577
Foreign Prop t-1
Co-auth Stab t-1 -.494 577
Other Publ t 762+ .163 694+ .162 706 .163
Female -.021 .468 -.144 .468 .014 465
Tenure -.733 461 -.849 461 -.782 459
South -1.08 .599 -1.25 .601 -1.05 .595
Econ. Policy -.658 527 -.729 527 -.703 524
Public Econ -1.85* .666 -1.86r+ .668 -1.85 .661
Econ. Thought -1.13 1.33 -1.12 1.33) -1.19 1.32
Econometrics 915 .829 .920 .824 .655 .831
Applied Econ -.826 .784 -.876 .786 -.886 .780
Scientific Age 107 .026 103 .026 103 .026
Faculty of Econ .268 403 .300 403 313 .400
FIT STATISTICS
Sigma 5.36* .159 5.26+ 157 5.2 .158
Left-censored obs 394 394 394
Uncensored obs 573 573 573
Right-censored obs 0 0 0

Legend: *** coeff. significant at 1%; ** coeff.gnificant at 5%; * coeff. significant at 10%.

We consider A as our baseline model, in which veduihe the production variables related to the
co-author and connections modelby J&W together withWoS Production t-Jas a proxy of
economists’ talent and attitude; and the set afbational variables. Therefore, all the models
presented have these variables in common. As exgbettte scientific production in the period
2007-2010 is a function of the individual idiosyatic characteristics, as shown by the positive
and significant coefficient VoS Production t-1

Most important for the empirical test of J&W modelse the coefficient o€o-authorshipand
Connections The first refers to the availability of time, @ity and mental resources of the
individual scientists’ co-authors. The coefficiaatpositive and significant; thus showing that
writing papers with high-talented co-authors (as#ling into account the fact that they will
divide their time and attention between their resipe co-authors) will improve the economist’s
scientific production, according to Jackson and Wakly’'s predictions related to trem-author

model
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A negative and significant coefficient is registerfer the Connectionsvariable, which relates
(along the lines of theonnections modglo the scientific productivity of the co-authasco-
authors weighted by their relational distanceh® individual economist. This result seems at
odds with theconnections modgiwhich postulates a positive effect of indireclatins in a
network) and, indirectly, adds further supporthe ¢o-author mode(the co-authors of my co-
authors compete with me over the time of my co-atghand confirms the results of Cainelli et
al. (2010 and 2012). Nonetheless, it is importartake into account the fact that co-authorship
is not the only way in which scientists can (andl clalaborate with each other, and the original
version of the connections model does not resttgctareas of application to the sole co-
authorship relationship. On the contrary, in oupéial analysis we do restrict our attention on
co-authored papers only; this might be one of #asons why our evidence suggests a negative
impact of the connections variable on scientifioquction. Further developments of this work
should also consider alternative scientific relasioips €.g: acknowledgments), that could
possibly show a positive impact on production, tremfirming Jackson and Wolinsky’s

theoretical predictions.

With regard to the coefficient @cientific Ageit presents a positive and significant coeffitjien
as expected, economists who started their careeliereare more likely to have contributed to
the current relevant scientific literature (sci@atjournal articles in the period 2007-2010) doe t
their longer experience (relevance of “learning dning” dynamics), and, possibly, higher
reputation and wider scientific network. Moreovieejng affiliated to the Faculty of Economics
does not seem to be an advantage for Italian ecstegrthe coefficient oFaculty of Ecoris not
statistically significant at the usual confidenceervals. Indeed, the chances of writing WoS

articles in period are not increased by being affiliated to a Facoftizconomics.

If we look at the relationship between belongingatgertain disciplinary sector and an lItalian
economist’s productivity (introduced in model B)nyaof the effects but that oPublic
Economics(negative and significant) appear to be statidicdifferent as compared with the
impact deriving from belonging to the disciplinagctor ofEconomicswhich we considered as
our base group; in other words, beingPiablic Economicsctually decreases production at time
t as compared tBconomicsSomehow unexpectedly, as underlined by the etssraported for
model E, being a woman, and holding a tenured ipos@to not have a significant impact on the

ability of an economist to publish high-quality esciific articles. On the contrary, being affiliated
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to an ltalian university located in the South olyt decreases an individual’'s chance of

publishing relevant pieces of research

Furthermore, model C introduces the role played“&lyernative” scientific production, by
enriching the base model wither Publ t which specifically addresses the role that sdient
production stored in Econlit database in the pe2607-2010 plays on WoS JAs production.
The coefficient ofOther Publ tis positive and statistically significant: writinyP, CVA and B
increases the number of relevant JA stored in WoS.

With regard to models D and E, we enrich our basdehwith additional variables related to
more specific aspects of co-authorship. More inaitket model D is concerned with the
propensity of Italian economists to co-author witiieign scientists. In fact, if the variable
Foreign Prop t-1Imight be interpreted as a proxy of the level oéstific internationalisation of
the Economics community in Italy, it can also benstoued as a specific cost that Italian
economists have to bear in order to compete intiomedlly; hence, increasing their chance of
being published in relevant Journals. Costs arsgotein both models developed by J&W. In the
connections modehey are explicitly modelled as costs that thaviddial agent has to bear in
order to establish and maintain direct links witthie network; whereas in tle®-author model
they are indirectly represented by the fact that amew link decreases the strength of the
interaction term with existing links” (J&W, 1996:p6Since it is very difficult to find a way to
measure the cost that each individual economigdiemsring when deciding to activate a co-
authorship decision in favour of a foreign sciends compared to the one related to “intra-
national” co-authorship,Foreign Prop t-1lwas used as a proxy of this cost, which has already
been exploited in previous works (Cainelli et @010 and 2012). The higher a given
economist’'s propensity to co-author with foreigniestists, the less are the costs of
“international” co-authorship for that particulandividual. In this sense, we expected the

coefficient to be positive and significant as shdayrthe results of the regression.

Moreover, model E adds an indicator of the stabitf the co-authorship behaviour of an
economisti(e.: the extent to which the economist tends to wsitin the same economists over
time) in the period 1990-200&0-auth Stab t-1 The coefficient is not significant at the usual

confidence intervals. Thus, we cannot confirm ouuition about the possibility that changing

*2 Different explanation for this “geographical vami@” can be put forward. For example, it might wedl that
working in a Southern Italian University makes mdifficult to be part of the relevant scientific monunity and,
therefore, to publish in highly ranked journals;tbat the total amount of (private and public) fsralailable to
individual researchers is higher in the North afyitthan in the South; or even that the averagelfiyti of Southern
academics is lower due to the bias of local selagbrocedures. However, this discussion goes begfundcope of
the present analysis and will not be pursued furthe
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co-authors, therefore having the opportunity to kvevith colleagues who have different
expertise and knowledge, pays off in terms of ddierproduction in the future. Further analysis
is needed to understand whether the benefits degrifrom establishing new scientific
relationships clearly overcome the costs in terfsnoe and knowledge efforts that one has to
put in building it; or, on the contrary, having®tg and lasting scientific relationships might

drop the costs in term of time as well, but doespay off in terms of scientific production.

Nevertheless, it has to be noted here that intiodua our model the variablgSo-auth Stab t-1
and Foreign Prop t-1reduces the significance of one of our main vaeslf interest, that is,
Co-authorship which is now significant just at 16%; this is tteasons why we decided to drop

these effects, and not to include them in our finatel I.

Finally, with regard to models F and G, we includédl indices of centralities one by one, in
order to understand which of them better explamiemgific production. As it can be assumed
looking at table 3.9, we opted fbetweenness centralifhence, for model G), since, in general,
it is the index of centrality that an economist éay other scientist) cannot be easily aware of;
and in this way we can exclude an issue of revesssality>. In fact, the other measures of
centrality seem to bias other coefficients thatvgdm to be solid in the base model illustrated
above. This is due to the fact that measures sadbegree centrality(whose effect are not
showed in the models presented) &ldstering tare specifically related and indirectly included
in the variablegCo-authorshipand Connections generating problems of endogeneity. On the
contrary, betweenness centrality provides us wittldifferent information concerning the
network; that is, concerning the role played byafst or “bridges” in the network. Moreover,
J&W (1996) identified the so-callextar networkio be one of the efficient network architectures.
Hence, the estimate tietweenness centralifpositive and significant) in model | goes in the
direction of theconnections modgsince this kind of centrality reflects the indiual position in

the co-authorship network, taking into account itect and indirect relationships.

3.7 Conclusion and research agenda

This essay has presented a first attempt to bullddge between the, mostly theoretical, micro

literature devoted to the analysis of the incerstimad mechanisms of network formation and the,

%3 This is due to the fact that, if economists in tieéwork are aware of those economists who playategic role
within it, they will attempt to reach them by se&kito collaborate with them. This is the phenomewbich is also
known as“rich-get-richer” behaviour or‘preferential attachment”(Barabasi, 2002). Moreover, the betweennes
index is very difficult to compute for a researchisat is not a bibliomentrician; therefore it isddikely to generate
problems of reverse causality (as compared to tther andices of centrality).
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mostly empirical, macro literature concerning theucure and dynamics of networks of

scientific collaboration and co-authorship.

The distance between the very sketchy and simgliffedels of “small” network formation
depicted in the theoretical literature, the compieand the large scale dimension of real life

networks are still huge.

We are convinced that there are two possible pathse followed in order to reduce, if not
overcome, such distance. The first (along the lioésGoyal et al., 2006) deals with the
construction and empirical testing of “micro-fouddemodels of network structures at the
aggregate level by using data on “real” networkenglthe lines depicted in this essay. The
second path — along the lines of Vanin (2002),&aler and Plott (2005), Di Cagno and Sciubba
(2010), Togni (2011) — relies on experimental md&owhich may allow the researcher to
reproduce in a controlled environment (reducingtéddaoise”) the mechanisms underlined
networks formation processes.e( the role of heterogeneity in determining indivadki
knowledge endowment and connection costs), providata sufficient number of experimental

observations is considered.

A possible intersection of these two streams otassh will include the performance of a
sufficiently large numbers of experiments so tcabée to use inferential statistics to draw some
conclusion on how “real life people” build, maimaand, above all, enjoy networks. And in
doing so, to let theoretical models and empiricthdyive mutual feedback to each other by the

“experimental bridge”.
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Chapter 4

Co-authorship Networks:

An Experiment on Network Formation, Efficiency and Stability

This essay is based on a laboratory experimentiwiviess designed and implemented at The University of
Nottingham, where the author has spent a periodtofly and research (August 2010-October 2011)
under the supervision of Dr. Alex Possajennikov.

4.1 Introduction

In this chapter, we are concerned with the lackxgferimental investigation of networks, since
we believe that laboratory experiments can be &ulismls to investigate and push forward both
“the theory and the practise” of networks1 one side, they might represent a valid tookti t
theoretical models, and on the other, they coulgpett the analysis of empirical findings by
isolating factors which often create noise in theacempirically collected.

Integrating game theoretical models, field data Ebratory experiments might give a more
exhaustive framework of the phenomena investigatedjuding networks. Laboratory
experiments allow researchers to specifically aarfor variables, such as costs and technology
(Falk and Kosfeld, 2003:2), in order to mate&teris paribuscomparison and to set up simple
interaction structure in small groups (Callanded &Mott, 2005:1471), which would not be
possible using field data only. As Weibull (200hderlines, “moving from armchair theorizing
to controlled laboratory experiments may be as imgm a step in the development of
economics as it once was for the natural scienocesnove from Aristotelian scholastic

speculation to modern empirical science”.

The literature provides diverse theoretical appneacwhich can be followed, starting from the
first contribution by Myerson (1977); the authorcsncerned with a cooperative game in which
agents have the possibility of either communicaborooperation. In this way, people have the
opportunity to form “coalitions” and the value fdion is assigned based on those coalitions.

This represents the main limit of the work of Mymrsthe value function is not defined on the
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network itself, hence it is not possible to isoléihe factors that could affect the process of

network formation.

On the contrary, Jackson and Wolinsky (1996) prep@s models which try to overcome the
above mentioned problem, by taking into accourfed#ht value functions which are defined on
the network itself. However, their attention is it the trade-off between network pairwise
stability and network efficiency; an issue thatlvdtive most of the subsequent contributions.
More specifically, the authors develop two differemdels: aconnection modelwhere benefits
and costs of forming and maintaining links (hencelationships) with other agents are
considered; and eo-author modelwhich is the starting point of the analysis pregd in this
essay, where links are interpreted as collaborat@nongst agents, and the indirect costs and the
direct benefits of the collaboration are includedhe utility function. It is important to underén
that the models presented by the authors foll@eaperative approacto network formation.

Following the contributions by Myerson and by Jackand Wolinsky, a series of other models
have been developed, suggesting different appreaoheetwork formation.

For instance, Slikker and van den Nouweland (2G0@ Johnson and Gilles (2000) develop
static theoretical models, while Watts (2001) and Jackaod Watts (2001) go further by
introducing evolution dynamicsMoreover, Bala and Goyal (2000) propose an dtera
approach to the one by Jackson and Wolinsky, bygdie®y a model which follows aon-
cooperative approach. This difference in approaches (cooperatersus non-cooperative)
represents a crucial assumption when studying r&tf@omation processes, which might lead to
significant different results, due to the fact thmathe first case people do need mutual agreement
of the counterpart in order for a link to be form@ago-sided linkformation); whereas, in the
second case, people can build links with other &gemnilaterally ¢ne-sided linkormation). For
instance, Jackson and Wolinsky do emphasise thie-o# between network efficiency and
stability which emerges from their model, while 8and Goyal do not witness any conflict of
this sort. Moreover, in the Jackson and Wolinskgnaxtion model the star network emerges as
strongly efficient but not pairwise stable; on dentrary, Bala and Goyal show that, according
to their model, the star network is the sole edinti but also strict Nash architecture (given

specific parameters).

Based mainly on the theoretical models of Jacksah Wolinksy and Bala and Goyal, some

economic experiments have been designed.
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As far as the experiments based on the model by &adl Goyal are concerned, two remarkable
studies have to be mentioned; on one hand, theriexgyet of Callander and Plott (2005) who
consider network formation in which only one-wagwl links are allowed. On the other hand,
Falk and Kosfeld (2003) set up an experiment incWwhioth one-way and two-way flows are
taken into account. The main difference betweenwleapproaches is the value assigned to the
knowledge that is implicitly shared when two indivals build a link: in the two-way case, both
agents reciprocally share their own knowledge, avivil the one-way scenario only the agent
who proposes the link has access to the partnedsvledge, while the latter does not. It has to
be considered as a crucial aspect; Falk and Kqsifelthct, obtained significant differences in
the comparison between the results obtained intwhe settings: in both conditions a Nash
network configuration is achieved, but more staitactures are displayed in the two-way flow
condition. Additionally, the authors highlight thiele that people’s “fairness considerations”

might play in connection decisions.

Moreover, to Goeree et al. (2009) is attributedrtiexit of considering agents’ heterogeneity in

knowledge values.

With regard to the experiments following Jacksod ®volinsky model, one of the first seminal
works was designed by Deck and Johnson (2002). alhieors test the model proposed by
Johnson and Gilles (2000), which integrates theneotion model proposed by Jackson and
Wolinsky. Deck and Johnson considers a spatial da@ which accounts for a monotonically
increment in the connection costs in relation ®gpatial distance between any two agents in the

network.

Vanin (2002) designs a pilot experiment which appbth the connection and the co-author
models by Jackson and Wolinsky. In particular, to &nowledgé®, it is the only attempt

available in the literature which studies experitaéiy the formation of co-author networks and
this represents one of the reasons why (as itpkaered in the following sections of this chapter)

it has been selected as the empirical startingtdiaur study.

** |t is compulsory to quote other two contributiomich follow the Jackson and Wolinksy model(s): \@2older
and Buskens (2009) and Mantovani et al. (2011). él@w, the authors’ attention is devoted to aspehish are not
directly related to ours. van Dolder and Buskeres @ncerned with the influence that other peopdeitcomes
might play on the single individual’'s connectiorcid®ns; whereas Mantovani et al. with the conadpmyopic”

or “farsighted” pairwise stability.
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4.2 Concepts and definitions

Before further proceeding, it is necessary to fifasbome concepts which will be used in the
following sections of this chapter. This sectiomnfially defines and clarifies some principles of
network formation, such as network stability anficegncy.

The stability of a network (or graph) discloses the idea thateischave the opportunity both to
build and to severe links with agents in the nekw&ince we apply the definition provided by
Jackson and Wolinsky (1996)kenceforth J&W —, the creation of new links requires mutual
agreement between the parties, while the sevemaineristing links is unilateral. Therefore, we
are consideringwo-side link formatiofr (J&W, 1996).

If we definel/ as the set of all value functions in a gragphndi as a node (agent) in the graph,
v(g) = Yiui(g) represents the sum of individual utilities. AsW&ibid:47) suggests, we can
define an allocation ruld;, which tells us the way in which is distributed amongst the nodes

in the network. Hence; (g, v) defines playet’s payoff with value function in graphg.

Moreover, we are concerned with a weaker definitioh stability: pairwise stability®:
nonetheless, according to J&W, this definitionuffisient to provide strong results, by making a
selection between the different graptsd:48).

It follows that, giverV andY, a network is pairwise stable if the following claions hold:
Oi,jdg Y,(g9.v)2Y (g -ij,v) and

Y (g.v)= Y, (9 -ij,v) (cond 4a)
Oi,j0g if Y(g,v)<Y(g+ij,v)

then Y;(g,v) > Y,(g +ij,v) (cond 4b)

where g + ij is the graph created by adding a link nodemnd j, while g — ij is the graph

created by severing the link between nodasd;.

*5 Despite the following definitions could create fimion, please note thawo-sided linksare different fromwo-
flow links (Bala and Goyal, 2000). The latter refers to auauéxchange of knowledge between two or more agent
when a link is formed, independently of who promoge link to whom.

% For alternative measures of stability, pleaserrafeAumann and Myerson (1988) and Dutta and Muarsiv
(1997) amongst the others.
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Condition 4atells us that, if the two agents are directly acaeted to each other, the payoff each
agent gets under the appropriate value functiogréater or at least equal to the payoff they
would get if they were not directly connected i thetwork. On the contrargondition 4b
implies that, if the two agents are not directlyweected at first and if ageitstrictly prefers to
be connected witly (because he/she can get a higher payoff underapipeopriate value

function) and; is indifferent between creating a link witlor not, the link will be builtipid).

It is important to notice that in a model with twmed link formation the concept of network
stability lies on pairwise incentive compatibilitgs opposite to cooperative models in which
links are unilaterally built (Bala and Goyal, 200086).

As far as networlefficiencyis concerned, again we adopt the definition obrejty efficient
networks by J&W. Suppose that, together wjthwe consider a second netwgrk We say that

g i1s a strongly efficient network if
Og'0 g™, v(g) = v(g) (cond 4c)

Additionally, notice that, in defining efficiencyye are taking into account the network as a

whole, “rather than a Paretian notion” (J&W:47).

Figure 4.1 — Trade off efficiency/stability in theCo-author model (N=4)
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As it will be further discussed in the next sectid&W found that the strongly efficient network
in the co-author model consists o’f pairs, if N is an even number. Therefore, a strongly

efficient network cannot be pairwise stable; sugpege have a network composed of 4 agents,

each of whom has built one link, so that 2 paiesfarmed.

The two unconnected players would like to estabéisink between each other, because this
allows them to increase their utility, provided tthhe other two agents do not form a link.

Hence, the network evolves until becoming a ling,ib this case the two extreme players would
like to be connected to each other and so on. Tdrerethe network becomes overconnected
from an efficiency point of viewfrigure 4.1 helps us to understand how the trade off between

efficiency and stability could emerge in the exaenmlovided.

4.3 The Co-author model by Jackson and Wolinsky

This section aims to illustrate in more details thedel which will be taken as the theoretical
starting point in the experiment described in sect.4.

As it has been already pointed out (see sectiopn &N built the only model which specifically
tries to address co-authorship phenomena; thiwdsréason why we design our experiment
considering it as our theoretical pillar. The mi@novation brought about the authors consists in
the application of their model to specific “allocat mechanism of non-market goods”
(J&W:46) in acooperativesetting. The authors provide two models which h#éne common
feature that agents can only build two-sided linkkee connectionmodel and theco-author
model. For our specific purposes we consider jlostlatter, because it is focused on explaining
the way in which people make connection decisionseal networks, such as scientific co-

authorship networks, specialised professional netsydirms organisation networks and so on.

Although this essay is not specifically written #&moldress the empirical issue of scientific
networks, it is worth to explain the J&W model bppéying their model to networks of
researchers who spend their available time on miodupapers to be published on scientific

Journald’.

In the previous chapters of this thesis, we haweadly highlighted the fact that co-authorship is

a constantly increasing trend amongst scientists.

" This is also the way in which J&W presented tieddel.
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Let us consider a group of authors (researcherg)samain aim is to produce scientific
knowledge in the form of published papers. Accagdio the J&W co-author model, authors
cannot write papers alone, but they can only coliate with other researchers in doing so.
Clearly, this assumption is restrictive, in parliouif we consider that in real networks

researchers do publish also alone. Neverthelessrvues the purposes of the model.

Each author is a node in the network of potentiahathors and has a certain amount of time
available to spend collaborating with others. Asy@q2007:208) points out, “starting a new
project allows access to the skills of a new partarel this is attractive, but a new project also
takes time away from existing projects, which remtutheir worth”. Therefore, the crucial
feature of the model is that it intrinsically geats negative externalitiesfrom the
collaborations (that is, links). In fact, adding madinks increases the number of projects/papers
and the number of co-authors a researcher hastboé same time, the quantity and the quality
of the time they can invest in each project is oedl(providing that authors have time constraint

—i.e. afixed amount of available hours).

J&W suggests two different versions of the co-autimodel; even if in our experiment a more

specific version is considered, it is useful teeby detail J&Wgeneral model

Supposeyg is a network of researchers. We defingas two different authors in the network,
while n;,n; are the projects (or papers) autih@ndj are respectively working on. The utility
(or productivity in this specific case) of authias given by

ui(g): Z\Ni(ni’i’nj)_c(ni) (4.1)

jij0g

where c(n;) represents the cost authorhas to bear in order to maintaiy connections
(therefore, projects). Moreovangi(ni,i,nj) Is the utility authori gets when he/she is directly
connected witly, andi andj are working om;, n; projects respectively. Hence, one’s utility is

given by the sum of the utilities he/she gets frbie/her connections minus the costs of

maintaining them.

However, a morespecific versionof the model is provided by J&W, which is usedaar
experiment due to the fact that it better det&iésghenomenon under investigation.

In a network in whichy; is positive, agent's utility function is given by
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1 1 1 1 1
u(g)= {—J’_“L_}:“(H_J n; -
i:iiZD:g n nj ninj nj i%gnj

where agent’s utility function is equal to O if he/she is niotvolved in any collaboration (see
above). Also in this version of the mode],represents’s number of links ana; representg’s

number of links. Given an initial time endowmentighhis equal to 1, utility depends on the time

all researchers involved spend in total on a sjepriject (nl + %) plus what J&W define as
i j

synergy effect#, which is a sort of benefit from the “productioropess” (J&W:56). As the
iy

number of project increases, the synergy effectedses; hence, they are inversely proportional

to each other.

Notice that, if we compare this version of the nmoslgh the previous one, we can realise that
direct costs of connections do not enter the wtilinction in an explicit way. This is explained
by the presence of negative externalities: addieqy hinks represents an indirect cost for the

authors, which diminishes the synergy effect, tfogeethe utility they get.

Recall that J&W’s main purpose is to define effimg and stability of networks when analysed
through the co-author model. In particular, theyrfo that if the network is composed by an

even number of noded’] , the only strongly efficient network is represshby a graph of%’

separate paird={gure 4.29. Moreover, “a pairwise stable network can beipanted into fully
intraconnected components, each of which has ardiif number of members” (Proposition 2,
ibid:56)°® (Figure 4.2b).

As detailed in section 4.2, efficiency and stapilif networks are often substitutes, but could
occur following the J&W model. In fact, as J&W pietd, co-authors networks tend to be over-
connected with regard to efficiency, because asthmannot fully internalise the negative
externalities they endogenously generate in thega® of network formation itselfigure 4.2

sketches some example of efficient and pairwisklestaetworks which could emerge from the

co-author model.

As Goyal (2007:210) underlines, it is crucial toess that the negative externalities which are
generated by each author do affect his/her own ymtddty, but at the same time also the

productivity of the co-authors. Nonetheless, awghame concerned with their own productivity;

%8 Please refer to J&W (1996:57-58) for complete farproofs.
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hence, they do not take into account co-authorslymtivity in their connection choices. It

follows that “the private costs of additional links2 smaller than the social costsid).

Moreover, pairwise stable networks are composashefjualcomponents. In fact, if we look at
figure 4.2b, although both components are complete (that saig all nodes are connected to
each other) and not efficient, they display a @aludifference in terms of nodes’ connections
opportunities. In particular, more formally, fromNeetwork Analysis perspective, they show an
unequal degree distributiorthe average degréeand the average (geodesic) distance between

node&’ are the main differences between the two compsriarthe graph ifigure 4.2.

Figure 4.2 — Examples of efficient and pairwise able networks in the co-author model

Figure 4.2a — Strongly efficient network
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Figure 4.2b — Pairwise stable network (completeomponents)
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In conclusion, it is worth noting that J&W co-authrnodel presents a main limitation, which is
implied by the fact that only negative externatitiare taken into account, while empirical
research has shown that informational asymmetmnesexternalities, together with knowledge

(and expertise) heterogeneity do matter in realvoeds, including scientific networks for

9 In general, in a graph, thdegree of a nodeis the “number of nodes adjacent to it” (Wasserraad Faust,
1994:100); therefore theverage degree of a nodés defined as “a statistic that reports the averdegree of the
node in the graph’il§id).

% 1n general, in a graph, tigeodesic) distance between two nodasd] is “the length of a shortest path between
them” (Wasserman and Faust, 1994:161).

70



instance. Although J&W account for the role of imfational externalities in their connection
model, the latter aspects are not introduced ekiengh they could explain the emergence of
hierarchical architectures in real networks. Themefas suggested by Goyal (2007:212), a richer
model should be developed in order to integrate J&Aauthor model; for example by assigning
different value functions to each node, hence, noo@ting agents heterogeneity (see section
4.5).

4.4 Efficiency and stability of Co-authorship netwaks: An experiment

Laboratory experiments might represent a usefdltmstudy the process of network formation.
More specifically, as it has been already emphdsittes work aims to shed a light on the
processes which lie behind co-authorship netwoithough there is a lack of literature
contributions in this area, some attempts haventgcbeen made (see section 4.1).

In this section, a laboratory experiment on co-arghip network formation will be presented,
together with the main results obtained. Even ifeppresents just the first attempt to address
some of the research questions proposed both byetieal and empirical literatures, it could be

considered as a useful starting point for futuseagch.

The pilot experiment was built since its inceptfolowing, from a theoretical point of view, the
co-author modeby J&W; while the experimental design and the nrasults obtained by Vanin
(2002) were considered as a benchmark from an eabperspective. J&W model, as it has
already been mentioned in sections 4.2 and 4.3heésunique attempt to build a model
specifically designed to study the co-authorshiprigmenon in @ooperativeframework; this is
the main reason why it is used in this experimenth@oretical base. Therefore, despite the co-
author model shows some weaknesses, it should iedeved as the most suitable in order to
study such processes. Moreover, Vanin (2002) dedignpioneer experiment which tries to test

the applicability of the co-author model in a ladtory setting.

Section 4.4 is organised as follows. Firstly, thedretical predictions and the experimental
hypotheses which we are going to test are preséaeation 4.4.1). Secondly, the experimental
design and methodology are illustrated (section?4,4ollowed by an analysis and a discussion
of the main results which emerged from the expenmtadesessions, in order to isolate some
possible behavioural constants (and exceptionslwimight characterise and explain the

emergence of co-authorship networks.
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4.4.1 Theoretical predictions and Experimental hyptheses

The hypotheses we want to test through the labiyra&xperiment follow a collection of results
obtained by different researchers, even if in nudsthe cases such results were gathered by
testing different phenomena, which might be, nogletfs, adapted for our specific purposes. In
fact, as often stated in the literature concerniregwork formation (Callander and Plott,
2005:1471; Kosfeld, 2004:21 and J&W, 1996:45-46 agso others), the closest contributions
are represented by theoretical models and expetamerthe area of cooperative games which

include communication structures.

As mentioned in section 4.1, one of our main redegoals is to understand whether the trade-
off between efficiency and stability of networkasercome when we let real people form (either
exogenously or endogenously) networks in a comtoknvironment. Both cooperative (Bala
and Goyal, 2000) and non-cooperative (J&W, 1996 @ of network formation focus their
attention on the evidence that stability and edficiy are in most of the cases substitutes, rather
than complements. Moreover, convergence on stroeffigient networks which do not display
pairwise stability constitutes one of the classma&dictions, most of the time confirmed also by
empirical evidence (Vanin, 2002:7-8). Nevertheletise role of individual and -cultural
characteristics, their levels of cooperativenesd ah inequity aversion are not given the
attention they should deserve.

The set of hypotheses (supported by the theorgirealictions) which follows attempts to cover

all these issues.

Hypothesis 1When negative externalities are not fully intersall by people, the process of
network formation leads to inefficient network atebtures due to the formation of redundant
links. Therefore, over-connected non efficient neta should be observed. However, under the
most favourable conditions, people do converge flicient but not pairwise stable network

structures.

It is necessary to remind that the co-author magehre considering in our analysis implies, by
definition, that subjects must deal witltegative externalities; this could clearly represent a
problem for the individuals who could struggle aothe process of internalising these
externalities which are endogenously generatechbgntin the dynamic process of adding new
links, therefore new collaborations (Vanin, 2002A3% explained in section 4.3, “(...) indirect

connections (...) enter the utility function in a atige way as they detract from one’s co-author

time” (Jackson and Wolinsky, 1996:56). Hence, @k, €&xample, we apply this assumptions to
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scientific co-authorship networks, it holds thatreasing the number of scientific collaborations
with different co-authors reduces researcher’s payoff: from a rational maximisation point of
view, this should boost researchers not to buitlinelant collaborations.

However, it is worth noticing that empirical evidenhas shown that efficient networks do
emergeunder favourable condition®.g: people are allowed to communicate and all “chégine
of communication are open and accessible). Foaitst, Vanin found that in two groups out of
three in the application of trmnnection modednd in all the groups in the application of twe
author modelindividuals do converge upon efficient collabaratnetwork structures, which, on
the contrary, are not pairwise stable. This woutdvigle some evidence of the trade-off
efficiency/stability, even if the observations gattd by Vanin are not enough to derive
conclusions. It is clear that evidence is quitetmrersial; it is also crucial to consider the fact
that in real networks, including scientific co-aoitbhip networks, people do not experience the
most favourable conditions when making connectiecisions; in fact, it is not always possible
to communicate with all other agents and not alnttels of communication can be available

and/or open.

To sum up, why do people in controlled experimesneagate redundant inefficient networks?
This question brings us to the following hypothesikich takes into consideration some of the
possible explanations that might lie behind theoimgruity.

Hypothesis 2 Individual characteristics in terms of social prefaces (cooperativeness and
imitation of others) and fairness attitudes (equityd symmetry) can affect the decision-making

process when people build networks.

Falk and Kosfeld (2003:20-25) provide importantdevice on the role thabcial preferences

and symmetryconcerns play in network formation processes. Hf/¢hey design a laboratory

experiment which apply the Bala and Goyal modeD@0which is not the main focus of this
analysis, they show how the differences in the wag-flow and two-way flow treatments can
be explained in terms of individual attitudes. lartgcular, with regard to the role of social
preference, they apply the model by Fehr and Scdhiffi@99), which takes into account
individual's inequity aversion. More specificallgyversion against adverse inequality (envy) in
the payoff distribution and profitable inequalitgufltiness) are taken into consideration by
introducing two corresponding coefficients in tHayers’ utility function. As Lowenstein et al.

(1989) point out, adverse inequality is strongemtiprofitable inequality; therefore, we expect

individuals to care about others’ payoff, particlyavhen others’ utility is higher than his or
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hers. Clearly, this represents an aspect that dhbal considered when studying network
formation processes in controlled environmentsitieduld be useful to explain, as we will see
in section 4.3, why participants to our experim@nitually agree to change imposed hierarchical
structures in favour of symmetric architecturestenms of payoffs. According to Falk and
Kosfeld, asymmetrical networks are not “fairnesmpatible” (2003:23), leading people to use
symmetrical collaboration agreements as a sorbofdination device, regardless of efficiency.
However, it is important to remark that fairnesstives are not sufficient to explain people’s
deviations from network efficiency. For instandee imodel developed by Charness and Rabin
(2002) generated interesting experimental resultncerning the trade-off between
equity/inequity and efficiency; hence, a model vhtakes into account both equity concerns
and payoff efficiency seems to better explain nekwormation.

As long as cooperation amongst people is concerited, important to underline that the
participants of our experiment are asked to plag tonnection games in group of four
individuals. Inevitably, we can expect that differéndividuals and different groups could opt
for different network architectures depending oeirthevel of cooperativeness. Therefore, it is
also useful to attempt to relax the level of coapgeness: as Deck and Johnson (2002) point
out, the process ahdividual decision making could lead to inefficient outcontleat perhaps

would not be reached through a fully cooperativapss of network formation.

Finally, the potential influence that individualrcaxert on others is an additional factor which
might play a role. As Kirchkamp and Nagel (2007)enine by describing their learning model
applied to a cooperation network experiment usiegeated prisoners’ dilemma games,
individuals operating in different environments deto learn from others’ experiences and
therefore to imitate them. Since in our experimest allow participants to discuss and agree
about the connection decisions, we can expecirtitdtion and learning from others could play

an important role in terms of influencing power.

In light of these observations, another way to labkhe role that the cooperativeness level can
play on network formation is to vary the degreecobperation itself, by diminishing people’s
opportunity to cooperate and by emphasising, oncti@rary, the importance of individuals’

decisions (Vanin, 2002). The following hypothedigmpts to address this issue.

Hypothesis 3 When the possibility of severing links without mmicyg additional costs is

introduced, people deviate from building efficieallaboration networks.
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For instance, allowing people to discuss their eation decisions implies, even if indirectly,

that people share their intentions and start a gobargaining process which can possibly be
biased or influenced by others. In fact, one ofdhgial assumptions in our experiment, derived
by J&W model, is that both parties (in our casdlabmrators) have to agree on the collaboration
decisions in order for a link to be formed. In thigy, we can expect that, in some cases,
individual intentions can be blurred by a sort afitoal agreement constraint, which does not
come into place in the case of link(s) severanaasams, that instead leave a room open to
individuals’ genuine intents. In general, puttingghasis on the single individual, rather than on
the group of individuals, should provide peoplehaibe incentives to deviate towards utility

maximising decision; hence, efficient networks dddae more difficult to achieve.

Moreover, the only attempt of applying the J&W mioakeade by Vanin follows a framework in
which “the social structure changes endogenouslgifen patterns of interaction (or for a given
value function)” (Vanin, 2002:3) that can be defin@s ahybrid approach Nevertheless, as
Vanin himself observeshid:12-13), considering botBndogenougalso in terms of patterns of
interaction) anaéxogenousietwork formations could lead to different resulier instance, Riedl
and Ule (2002), following the model by Vega-Redor{@d606), designed a series of repeated
prisoners’ dilemma games in the context of endogenoetwork formation. They obtained
interesting results in terms of cooperation rateshe endogenous network treatment they are
significantly higher than in the exogenous one.rEN¢his is not directly related to our analysis,
we can infer that, methodologically, the choicewssn these two different approach might
crucially influence our results. It follows the nd»pothesis.

Hypothesis 4We expect to observe significant differences imseof efficiency when people
are asked to endogenously build their own collabioranetwork compared to when they are
asked to modify pre-existing imposed exogenoustmiation networks. Different imposed
network architectures should boost people to makerdnt connection decisions and in some
cases to deviate from considering the utility masiimg options.

In the context of exogenous networks, we couldrinfeat imposing structurally different
networks could lead individuals to make signifidgndifferent connection decisions, which
might generate different network architectures. ¢¢enve expect people to be influenced by the
imposed network structures and to be more pronégetoate from the generation of efficient
networks. Additionally, to my knowledge, there i® w©ontribution in the literature which
attempts to address the issue. Nevertheless, Bath Goyal (2000:1197) observe that

“convergence occulisrespective othe size of the society tine initial networK (italics added).
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Their observation contradicts the second part giothyesis 4, but it could be related to the fact
that, as observed in section 4.1, the Bala and [Gogdel originated from different assumptions
which could not be applied to our experimental ltssu

Having explained the hypotheses we want to testcamenow proceed by describing the criteria

based on which our experiment has been designed.

4.4.2 Design and experimental methodology

In order to test our hypotheses, a controlled latooy experiment has been designed. We start
from the cooperative co-author model by J&W (199@d we follow some aspects of the
experimental implementation of the same model agyded by Vanin (2002).

First of all, it is crucial to remark that our expeent has to be considered agilat experiment
On one hand, time and budget constraints did dotvathe author to run the experiment in a
larger scale; on the other hand, since the top& i@t been sufficiently investigated in the
literature from an empirical point of view, it seedhmore useful to test the feasibility of the
experiment itself and the reliability of the vemst results before further proceeding.

Before starting to describe the experimental procesl it is useful to detail both the
experimental conditions and the features which eemdir experiment innovative in comparison

to the experiments already available in the litemat

With regard to the experimental conditions, wedwallthe assumptions of the J&W model; in
particular, there are no direct costs of connecfanthe participants, due to the fact that the
costs of connection are implicit in the assumpt@hnegative externalities. In fact, since
increasing the number of links reduces one’s owyofiathe indirect cost of building redundant
collaborations is the decrease in the utility ftsak long as the number of collaborations is
augmented, the time an individual can actually ck@i to each collaboration decreases,
provided that (as we do) we assume an upper bonrtdeomaximum number of connections (3
in our experiment) and we assign each researceteamined time endowment (6 hours in our

experiment).

Additionally, individuals are allowed to create prWwo-sided links (J&W, 1996), which imply

the need for mutual agreement in order for a cammedo be built. In fact, subjects in our
experiment can decide to create as many two-pecsdiaborations as possible, but the
connection proposal has to be accepted by theieatifOn the contrary, in the game in which it
is possible to severe collaborations (see beldwd,potential decision about deleting a link is

unilateral: there is, in fact, no need for mutugteement. This means that an individual can
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autonomously decide to severe one or more linksn évthe partner does not agree on it. A

the @se of connections building, severance of linksoiscostly

As far as the innovations of this experiment areceoned, we follow some of the suggesti
for future research by Vanin (2002-13) together with some adjustments in light of
hypothesesve stated above. Firstly, we have to specify thdti$ experiment, Vanin stresses
role of cooperation by letting people discuss almmuinection decisions. We followed the se
path, even if the J&Whodel originally specifies only the t\-sided links requirement. Howeve
in contrast to Vanin, in one of our connection game attempt to relax the cooperativer
amongst the participant by imposing exogenouslyrigigvork structures, rather than imped
communication. In fact, in order to relax tdegree of cooperation, Vaniibid) suggests two
possible alternatives: either using the endogemetsork (that is to say, people start from
empty network and they endogenously build their @anchitecture) as a starting point and t
asking peoplea dynamically change it; or imposing different egnogus network structures a
then studying the potential influence on the dyr@naf the initial network and on the possi
convergence tarchitectures which display stabiliand/or efficiency. In ourexperiment we
adopt the latter approach.

Secondly, Vanin suggests to vary the size andahgposition of the network. Unfortunately, \
are not able to implement this modification in experiment for the following reasons: on (
hand, the availabilityof participants, and on the other hand, the negessiintroduce agent
heterogeneifff in values and features which would have createdesaoise in our results, if n
adequately supplemented with an additional gamedréatment) that, for time consint, was
not possible to add.

Finally, it is worth noticing that, in this experant, when we talk about collaboration or-
authorship we are considering a sort of “willingnes collaborate”, and not the process
collaborating itself, which could chge some of the interpretations of efficiency arab#ity

which are illustrated later on in the analy

4.42.1 Experimental paramete
Participants were provided with the following expental parameters (adapted from Vat
ibid), in order to comput their own payoff per each game they played dutiegexperimenti

We definei = 1, 2, 3, 4 as participanttable 4.1shows the number of hours each participal

®1 For a more detailed discussion about the role efitej heterogeneity, please refer to section 4thisfchapte
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allowed to spend on each collaboration dependinghennumber of links he/she could build
during the connection game(s).
Table 4.1- Experimental parameters: available hourger collaborations built

Number of i ’s collaborations I 's hours spent per collaboration
0 (alone; 0 (do not work with others)
1 (one collaboration’ 6 (all your time is for that collaboration)
2 (two collaborations) 3 (half time for each collaboration)
3 (three collaborations 2 (one third of time for each collaboration)

For example, if player 1 decides to build just awdaboration with player 2 (who in turn
accepts his/her proposal), 1 spends all the tincdowment on that collaboration. Instead, if
he/she decides to create two collaborations withdiiferent players, he/she would equally split

the time endowment between the two collaborations.

Table 4.2 — Experimental parameters: Synergy effectalues

i 's hours spent j 's hours spent on the Synergy effect
on the collaboration collaboration
6 6 6
6 3 3
6 2 2
3 6 3
3 3 15
3 2 1
2 6 2
2 3 1
2 2 0.6

Moreover, according to thepecificco-author model by J&W, subjects benefit of anitioiual
value, the so-calledynergy effectadded to the collaboration itself due to the taet they are
working together (in specific terminology, we wouldein co-authorship. Table 4.2 presents
the specific values of the synergy effect dependingthe number of hours the two partners

spend on the same collaboration.

Recall from the J&W model that the synergy effextgiven by the ratio of the initial time
endowment over the product of the number of collations the two individuals are involved in.
Therefore, for exampf4 if agent 1 has only one collaboration with ag&nbut agent 2 has also

a second collaboration with a third agent, sayd@hlagents 1 and 2 will gain a synergy effect

%2 For a formal presentation of the model, pleaserref section 4.3 of this chapter.
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which is equal to 3 from the collaboration betweawch other. Therefore, the utility (or payoff)

of agent number 1 from collaborating with agens given by

6 6 6
wlg)=—+=—+——=6+3+3=12 4.3
(9)= 15 0 (4.3)
Real values have been plugged into the originahwbor model, following the experimental
parameters above. The numerators represent tie thite endowment, the denominators in the
first two ratios are the number of collaboratioaste agent is involved in (in this case, 1 and 2
respectively), while the denominator of the thiadio is just the product of the number of each

agent’s collaborations. Finally, the third ratipresents the synergy effect.

Moreover, theotal payoffof agent 1 is computed as the sum of the paydafshe receives for
each of his/her collaboration. For instance, suppmayer 1 equally splits his/her time working
with 2 different partners. Therefore, agent 1 ates 3 hours per each collaboration. 1's first
partner is collaborating only with 1; hence, he/sheallocating all the time (6 hours) for the
collaboration established with 1. Instead, 1's selcpartner is involved in other 2 collaborations;
hence, he/she can spend just 2 hours of his/her emidowment working with 1. It follows that
1's total payoff is given by the utility from thérdt collaboration € 3 + 6 + 3 = 12) plus the
utility derived from the second collaboratigs 3 + 2 + 1 = 6), implying a total payoff equal
to 18 & 12 + 6 = 18).

4.4.2.2 Experimental procedure
The experiment was run in Nottingham in July 20h#l a total of 16 people participated. All
participants were currently international postgidustudents at The University of Nottingham
(UK campus) and enrolled in programs from differacademic departmefits None of the
participants was specifically trained in networlkasis and theory, and most of them did not
have a background in Economics. Nonetheless, trewlaMSc students and therefore highly-
skilled people.
The participants were randomly divided in 4 diffgreexperimental sessions, each of which

composed of a group of 4 participants. Each sedagiad approximately 75 minutes.

% More specifically, 5 participants from Engineeringd Manufacturing department, 4 from the departnagn
Architecture; 3 students from the Business Schidépm the School of Economics; 1 student fromdhpartment
of Applied Linguistics and English studies and dnfrthe School of Geography.
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Figure 4.3 — Room arrangement and participants seat

Player 3 Player 2

lajuswiiadx3

Player 4 Player 1

Before entering the room where the experiment fgake, each subject was asked to pick up a
number from a box. The selected number was usgtbmify the single participant for the entire
duration of the experiment and to randomly assigseat to the participants, because of the

possible influence of the spatial arrangemé&igyre 4.3 on the experimental results.

The participants found on their desk the particgratagreement form and the initial set of
instructions, which were read aloud at the begigrahthe experiment, followed by a 3-minute
slot given to the participants to read back throtlignf. The set of instructions the subjects
received during the experiment was specificallytteri using a neutral langudgein order not

to bias or influence participants’ decision(s).
Two different connection games were implementeithis experimerif:
i. Baseline Connection GanfleenceforthBCG)

It is the exact replication of the experiment oe tto-author model made by Vanin (2002).
Participants start from an empty network and theg asked to make their connection

decision(s), according to the J&W model’s utilitynttion and the experimental parameters (see

% pPlease note that a copy of the participation agese form, the set of instructions used in the expent, a
decision sheet sample and the questionnaires dative the participants are provided in Appendisds

% For instance, terms like “author(s)”, “co-auth@t($scientific collaboration(s)” and “network(s)\vere replaced
with terms with a more neutral connotation, such @spectively: “agent(s)”, “partner(s)”, “projes}{ and
“scenario(s)”.

% Note that, we could have not called the two ga(pesases) “treatments”, because theoretically @GBpeople
do start from aremptynetwork. Therefore, BCG could have been incorpatatn ENCG. However, since we want
to compare the results to the ones obtained by W&002) and to emphasise the difference betweénone

dynamics and endogenous network formation, we ofoteseparating the two games.
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section 4.2.1). Note that the game is presentddetparticipants as thmnnection game number

1. The maximum number of links (that is, collabarat) per node (that is, participant) is 3. A
node can decide not to build any link, thereforeuming no losses and no gains. Moreover, if
subjects do not agree upon any network structtuey all receive a 0 payoff. Participants are
given 5 minutes to think alone about their conmectdecision(s), followed by an open

discussion with the other participants which la$6 minutes. When the time has expired,
subjects fill their decision sheet according to tiework they have agreed to build. Then, the

experimenter collects the decision sheets.
ii. Exogenous Networks Connection GaimenceforthENCG

This game represents the main innovation compar&ahhin (2002) and, to my records, there is
no specific experiment like this in the literatufdote that this game is presented to the
participants asonnection game number 3ubjects are shown 5 different network structures
(exogenously given) one at a time and they aredagkenake connection decision(s) including:
a) do not change any of their pre-existing collabore; b) add one or more collaboration(s) up
to a maximum of 3 collaborations, aoylsevere one or more of the existing collaboratipn(s
Subjects are given the first network structure tn&y have firstly 1 minute to think alone about

their connection decision(s), followed by 5-minofgen discussidi

" Participants had more time both for thinking alemel for discussing in BCG than in ENCG. This waseassary
in order to let participants familiarising with tee&periment.
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Figure 4.4 — Imposed exogenous networks in the ondpresented in ENCG

Scenario 1 Star network Scenario 2 Complete network
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Moreover, as in BCG, if subjects do not agree upoy network structures and they do not
explicitly decide to keep the pre-existing netwdlky re-writing the links as given by the
experimenter), they all receive a 0 pajdfivhen their time is up, subjects are asked taH@gir

% This solution was implemented instead of assigtiregpayoff according to the initial imposed netwbecause
of the possibility that, in particular when peopilet tired, they just stop putting effort on thektasd consequently
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decision sheets according to the network built, ékperimenter collects them and delivers the
second network architecture. The game ended wheeddbision sheets of the fifth network were
collected by the experimenter.

The five networks shown to the participants werected according to the basic concepts of
NA® and following two different criteria: network effency and network hierarchy. It is
important to specify that each exogenous netwovkgparticipants the possibility of reaching
the strongly efficient network architecture, givéme assigned experimental conditions and
parametersFigure 4.4 shows the networks and the order in which theyewmesented to the
participants, in order not to suggest subjectsntiost efficient (but not pairwise stable network

structure) which should emerge according to theréttecal model of J&W.

As it is possible to notice, we have adopted thaplyrrepresentation which is typically used in
the field of NA'® circles represent nodes (that is, in our case,ekperiment participants)
together with the identification number, and arrawpresent connections (that is, established
collaborations). Even though this type of repregeon is quite specialised, we thought it could
have helped the subjects (who were not trainedetavark studies) to easily understand and
interpret the connection scheme. Notice that, simeeare taking into consideration the final
network (that is to say, what matters is the nekwbe participants eventually agree upon), all
links (therefore, graphs) aren directed or, using the traditional terminologyn directional
(Wasserman and Faust, 1994:72). This means thddeis not matter, for our purposes, who
proposes the collaboration to whom, but just thatolaboration is established between two

persons.

If we analyse in more details the five differenesarios, we need to consider the utility each
participant would have received in the limit calse éxperimental group decided not to change

the network structures. This can help us to intdriire experimental results later on.

The first scenario represents the most hierarclmeélhork (namelystar network) participants

could have agreed upon (always considering the rarpatal parameters and conditions).

leave the network as it is and distort the restdence, the 0 payoff would incentivise them to atre effort on the
game.

% For further information about Network Analysis ¢ing and techniques, see, for example WassermarFaunst
(1994) and Scott (2000). A brief overview of thdiges of NA used in this thesis is also includedppendix G.

0 See footnote 69.
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Subject 1, who plays the role of the Stais directly connected to all other participantbio, in
turn are not connected to each other but to the aily. By computing the utilities of the
subjects applyinggquation 4.1 we can see that player 1 would gain 30 while thityubf
players 2, 3 and 4 is equal to 10. Therefore, éfver@ are not considering the typical measures
of centrality used by Network Analyéfswe can infer the level of hierarchy which thigvmerk

displays.

The second scenario represents the so-caltedpletenetwork: all participants are directly
connected to each other. This type of network basetconsidered as the most over-connected
one. Subjects could be connected to each other matmmeed to build redundant links. For
instance, if agent 1 establishes a link with agemwho is already connected with agent 3, agent
1 would be indirectly connected also with agent/8ing Network Analysis terminology, there is
a path of degree 2 between agents 1 and 3. Howewer,an utility point of view, the scenario
displays symmetry amongst the agents, becauseathegceive a payoff which is equal to 4.6.
Nevertheless, it is not an efficient network clgads we will point out below, participants could
opt for a payoff-symmetric solution which maximisedividuals’ utility, given the experimental
conditions. However, from a stability point of vigivis a pairwise stable network.

The third scenario representsciacle or, using Bala and Goyal (2000) terminologywheel
network. Also this network displays redundant cantio@s, but provides the agents with a higher
(symmetric) utility of 15.

The fourth scenario is thkne network. Even though the first graphical impressiwould

suggest that we are considering a payoff-symmatiwork, this is not the case. Agents 2 and 3
have 2 collaborations each, while agents 1 and&dktreme nodes) build just one collaboration
each. This implies that the most connected agectsive a payoff of 19.5, while agents 1 and 2
of 12. Moreover, from an efficiency point of viethere exists another possibility for the agents

to maximise their utilities, which would imply coergence upon the network shown at last.

Finally, the fifth scenario represents th&uble-pairnetwork, which is the strongly efficient one.
In fact, by building only one collaboration with @her agent, all participants receive a

(symmetric) payoff which is equal to 18. Noneths|eas all the networks described above, it is

" Please note that we imposed player 1 to be theirstall groups. This choice is consistent with faet that
players were randomly assigned an experimentaldiler at the beginning of the experiment and thisvad us
not to have to randomly re-assign the role of the ger each group.

2 For more details, please refer to footnote 69.
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not pairwise stabl€, because agents 2 and 3 (who are unconnectedgxémple, would be

better off by creating a collaboration between eaitter, provided that also agents 2 and 4 do
not decide to build a connection between each o@ensequently, the network becomes a line
(as shown in scenario 4), but then the extreme i@and 4) would be better off to connect to

each other, creating a wheel (scenario 3) in deig

We can notice that, just by looking at the exogehoimposed networks, the trade-off between

stability and efficiency clearly emerges.

The two connection games described above definetwlte different parts in which the
experiment was divided, each one associated widtifsp additional instructions which were
again read aloud by the experimenter at the beggnoi each experimental game.

A within-subjects desigmwas implemented, that is to say, all participamslertook all tasks.
This choice is justified by the fact that we beédhe decisions taken by the participants in BCG
do not substantially affect the ones made in tha game, while if we decided to implement
ENCG at first and BCG in the second place we waalgsibly have had some issues, due to the
fact that, even if indirectly, the participants ainave acquired experience (through the open
discussion in ENCG) about most of the potentialivogk structures they could have converged

on.

An issue related to the choice of applying a wi$irbjects design is the problem of providing
the subjects with the correct economical incentifesther worsened by budget constraint.
Although this is an issue frequently debated inlitezature (Starmer and Sugden, 1991; Cubitt
et al., 1998), it is widely recognised that a takasolution to experiments which ask subject to
undertake multiple tasks is to applyandom lottery incentive schen(id); and we followed
this line. In fact, participants were told at thegmning of the experiment that, once the
experiment finished, firstly one of the two gamesuld have been randomly selected and then
one of the four participants. In case ENCG wascsete before proceeding with the random
choice amongst subjects, one of the five scenavess selected. Then, the participant was paid
accordingly to the payoff he/she was able to gethenspecific game (and scenario in case of
ENCG) to the exchange rate of £ 0.30.

3 Note that, as explained in section 4.2 of thisptéig the notion of pairwise stability we are adioptis the one
proposed by Jackson and Wolinsky (1996:48), evémeifauthors do not consider (and do not model)famygation
process behind the concept of pairwise stability.
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After the general instructions were read and thessipbe questions answered by the
experimenter, the participants received a questimarwhich had the purpose to help them to
understand the games, and in particular to becamident with the way in which the payoffs
were computed. Once all participants gave the cobaaswers (checked by the experimenter),
the BCG was implemented, followed by ENCG.

When both games were played the experiment ended tlam experimenter delivered a
guestionnaire to be filled out by each participarte questionnaire was designed to collect
biographical information and to compute an indexobperativeness per each participant and
each group. In this way it was possible to interghe results by controlling for individual

characteristics and for attitudes towards coopam&4ti
4.4.3 Results and discussion

We can now proceed by firstly describing and themlysing and interpreting the results
obtained from the experiment per each game. Finaldywill make a comparison between our
implemented BCG and the results obtained by VaRi®02), together with a comparison
between our BCG and ENCG. In conclusion, we wik@ipt to interpret the results also in light
of the personal and cultural characteristics of plagticipants and their displayed level of
cooperativeness by creating an index of coopenagis® extracted by the questionnaire delivered

at the end of the experiment.

4.4.3.1 Results: Baseline Connection Game (BCG)
Not surprisingly, the 4 groups opted for the saratvork solution; in fact, they all agreed and
converged upon the strongly efficient network sinue, that is, they created 2 pairsFigure
4.5shows the exact connection choices made by thiiparits per each group.
According to the predictions and the results olgdifby the analogous experiment made by
Vanin (bid:11-12), the opportunity of discussion amongst ipgdnts boosted the level of
cooperation up to completely internalise the exkties which, by definition, enter the J&W
utility function in a negative way. Listening tortiaipants’ discussions made the experimenter

realise that, despite an initial confusion, theerplayed by (depending on the group) one or two

" See paragraph 4.3.3 for further information ahibet structure of the questionnaire, which can hendoin
appendix F.

> Please note that, in both connection games, is dm¢ matter for our purposes the partner eachcjpmt
chooses. Since in our experiment agents are homageim values and features, creating a collaboratith
subject 1 or 2, for example, does not affect osults.
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participants on clearly depicting the possible @mtions scenarios, was crucial in order for the

other subjects to agree on the network to be built.

Figure 4.5 — Achieved networks per each group in BG
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Creating a 2-pair network allowed participants t@r@ome the efficiency problems that would

have been generated by adding new links to thalwathtion network.

Nevertheless, if it is true that the groups conedrgn the strongly efficient network, they did
not reach a pairwise stable configuration. As Vdibid:11) correctly observes, “forming a new
link, while increasing the payoff of the newly cauted subjects, would reduce the payoff of the

remaining ones”.

However, it is important to specify that alternatisolutions to the 2-pair network were
considered as possible configuration by the paditis; this element, in fact, became more

evident in ENCG, where different structures emerged
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All participants received a payoff which is equa 18, according to the experimental
parameters. Hence, according to the implementedoranincentive scheme, the randomly

selected participant (in case BCG was selectegpm®priate game) gained £ 5.40.

4.4.3.2 Results: Exogenous Networks Connection @lEBNCG)
In this game, results are more interesting, insiese that one group (number 4) deviated from
the pattern displayed by the three other groupsréfbre, we might infer that, by exogenously
imposing different network configurations and bjoaiing participants to dynamically change
them, other factors came into place and affecteditial outcomes.
Since we are interested in understanding whichabées had really determined the deviations
from the strongly efficient network, it is usefud split our analysis in order to isolate the
different variables at stake according &):firstly, the 5 exogenously imposed structurby;
secondly, the participants’ individual and cultuiedtures and level of cooperativeness.

I. Scenario 1Star network
Figure 4.6 shows the connection decisions made by each group.

Groups 1, 2 and 3 decided to modify the initialr&iehical network structure to converge upon
the strongly efficient network. On the contrarypgp 4 was not able to reach an agreement at
all: neither modifying the network nor keeping theosed one. It is important to remark that we
cannot consider group 4’s decisions as an agreeofeiorming anemptynetwork. From the
discussion between the participants a completggoisanent about which connections had to be
built emerged. Therefore, subjects wanted to foromes connections, but the imposed
hierarchical structure clearly affected their derisup to the point that they could not figure out
the strongly efficient network as the best archites; in spite of the fact that in BCG they

converged on the double pair network.
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Figure 4.6 — Achieved networks per each group in EGIG —scenario 1 (star)
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Additionally, it is useful to remember that, eveh daccording to most of the literature
contributiong® the empty network has to be considered as arieefficonfiguration, we decided
not to consider it as such. From a mathematicalreeteiork analysis point of view it is, but it is

not crucial or it does not add any value when watwa empirically analyse real networks.

® On this issue, please refer to, for example, BathGoyal (2000) and Goyal (2007) amongst others.
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This interpretation was also confirmed by the déstons which occurred in groups 1-3; they
were not able to reach at first a common decisiothe possibility of converging to efficiency.
In particular, group 2 was really in doubt whetteform a network in which everybody had two
collaborations each or to stick to the double-gaincture. Only after the discussion they did so.
As it will be underlined later on, this behaviouighit be explained by looking at the level of
cooperativeness of the members of group 2. Furtbiernthe star network was the structure that
created more disagreement amongst participants dGén be inferred by the audio of the
discussions, which is the only element we have.cdewe should state that creating a hierarchy
amongst participants might influence connectionigieas; this could be mainly due to the
payoff disparity amongst subjects: recall that sker would have earned 30, while the other 3
agents just 10. On the contrary, agreeing on air2-paucture gives all participants a
(symmetrical) payoff of 18.

ii. Scenario 2Complete network

The complete network did not generate particulabl@ms for the groups, but again for group 2,
which struggled during the discussion but everyuathnverged upon the strongly efficient
network. Moreover, we could infer that perhaps mup 2 subjects had an egalitarian first

impression of the network, due to the graphicatesgntation of the structure.

On the contrary, it seems quite interesting thatugr4 found relatively easy to reach an
agreement towards convergence when the complew®retwas shown. Again, we will attempt
to provide some reasons to these behaviour by hgokt the personal characteristics of the

individuals.Figure 4.7 represents the final network as agreed in theodg.
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Figure 4.7 — Achieved networks per each group in EGIG —scenario 2 (complete)
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iil. Scenario 3Wheel network

Again, even if the wheel represents a clearly @@mrrected structure, participants in groups 1-3

mutually agreed to converge on the strongly effitiand fair (from a payoff perspective)

network architecture. This was not the case in grwhere only one pair was built, that is, one
connection between subjects 2 and 4, while ageraadl3 decided, in a utility maximising

myopic way, not to build any link. In fact, thistm@rk structure gave the connected individuals
a payoff of 18, while the unconnected players rezgtia 0 payoff. Even if group 4 seemed to

randomly agree on connection decisions, if we camjtawith the other three groups, we will
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notice (see section 4.3.3)hat it is characterised by a different level ofdiindual
cooperativeness, which could explain the differe@sults. Figure 4.8 shows the agreed
networks.

Figure 4.8 — Achieved networks per each group in EGIG —scenario 3 (wheel)
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iv. Scenario 4Line network

In this scenario, groups 1-3 were not influencedlbaby the line structure. We can think that,
once all participants have really understood that double-pair is the most efficient network,
they always converge upon it in a soriradrtia.
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Figure 4.9 — Achieved networks per each group in EBIG —scenario 4 (line)

Imposed network

1

2 3

4

Group 1 Group 2

- o e . e
Group 3 Group 4
1 2
1 \.Jq—p\._) 2 \?J \‘J
3 &4—»& 4 I I
C @@

However, group 4 deviated and decided to build tetlaborations per each group member;
thus, creating a wheel, which includes more rednhdannections than the line network does.
Instead, if we consider the payoff symmetry, a wieea symmetrical structure, while the line is
not. Therefore, we can assume that group 4 members influenced by the initial network
structure, but cared about payoff equality at ti@es time. In particular, all participants received
a payoff which was equal to 1bigure 4.9 depicts the achieved network structures per godup
participants.
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Figure 4.10 — Achieved networks per each group inMECG —scenario 5 (double-pair)
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i.  Scenario 5Double-pair network

In the last scenario, the strongly efficient netkvawas presented to the participants as
exogenously imposed. With no surprises, all graagreed not to change the architecture and all
participants received a payoff of 18. For sake ahpleteness, we report figure 4.10 the

confirmed network architectures.

We can now proceed with some general observatief@rd providing the reader with more
details about the interpretation of the resultight of the personal characteristics and attitudes
towards cooperation of the participants.
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First of all, we need to clarify that the numberotiservations we gathered is too small to make
systematic inferences. This is why we have alrestdyssed previously in this section that our
experiment has to be consider just a pilot exparime first attempt to experimentally evaluate

co-authorships phenomena.

The results we obtained partially confirmed thdadrmgt and reliability on one hand of the J&W
model of co-authorship, even if, as we will undezlin section 4.5, with some limits due to its
intrinsic assumptions; and on the other hand theirral results obtained by Vanin. In fact,
with the exception of group 4, Vanin’s predictiare confirmed also by the results we obtained:
subjects converge upon the strongly efficient nekwavhich is not pairwise stable though;
hence, people internalise the negative externalgenerated by adding new connections (that is,
collaborations). We can conclude that the expedmuency towards building redundant
connections is not displayed, at least in our sampl

However, how can we explain the behaviour and tenection decisions of group 4? The
results could induce us to think that in some way ¢xogenous networks presented in ENCG
did have an influence, together with other groupesiir factors. Even if it is just one group out
of 4, given the available few observations, we neecbnsider and analyse it in details, because
we do not know which trend would be displayed if ingegrate the experiment with a more

sufficient number of sessions (hence, observations)
The next paragraph serves this purpose.
4.4.3.3 Results: The cooperativeness index

In order to better explain the results, and in ipalar the disparities between the connection
decisions made by group 1-3 and group 4, it is seay to take into account participants’
individual and cultural characteristics on one haaadd their level of cooperativeness on the

other hand.

With concern to the individual characteristicswas have already explained, all participants are
postgraduate international students at The UnityeadiNottingham (UK campus). Even though
they are enrolled in different programs, we canuamss that they are all highly skilled and
coming from different departments should not makdifeerence between them. However, 2
participants are students of Economics, theref@i@dd to rational thinking. We could believe
this could have made a difference, but we neeatsider that one of the 2 students was part of

group 1 and the other of group 2, and in group Befe participants always converged on the
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double-pair structure) participants were from Atebiure, Manufacturing and Geography and
they reached the same network. Therefore, the fapeducational background did not seem to
influence the obtained results.
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Table 4.3 — Participants’ biographical data per graip

avg avg
o ] Years
Participant Experimental Country of PDI IDV _
Gender | Age Department/School o PDI IDV in the
ID number Group origin per per UK
group group
1 F 3 1 Architecture Puerto Rico 95* 11* 1
2 M 3 1 Eng and Manufacturing Venezuela 81 3 12 31 1
3 M 3 1 Eng and Manufacturing Spain 57 51 1
4 M 3 1 Economics Mexico 81 30 1
5 M 3 2 Architecture Taiwan 58 17 1
6 F 4 2 Appl. Ling. and Engl. Studies Japan 54 46 1
- 50 5475 |
7 M 3 2 Business School The Netherlands 38 8(Q 1
8 M 3 2 Economics Italy 50 76 1
9 F 4 3 Architecture Chile 63 23 1
10 M 3 3 Eng and Manufacturing Italy 50 76 1
- 57 4775 |
11 M 2 3 Architecture Iran 58 41 1
12 M 4 3 Geography Spain 57 51 1
13 M 4 4 Engineering Chile 63 23 1
14 M 3 4 Business School Morocco 70** 46** 1
i _ _ 67.3 313 |
15 M 3 4 Engineering Mexico 81 30 1
16 F 3 4 Business School Iran 58 41 1

* Puerto Rico is not included in Hofstede’s (2004) of countries; therefore we opted for using #adues of Panama because we believe it is the simogar country to Puerto Rico amongst
the latin-american ones.

** Estimated values

Legend: Age categorie:= < 20,2 = 20-23,3 = 24-27,4=28-31,5=>31
Gendel = male,F = female
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The same conclusion can be drawn in relation tayéreler of the participants. Even if they were
randomly assigned to sessions (hence, to groupsjy group was composed of 3 men and 1
women. Therefore, we do not have any variance legtlee groups and a comparison cannot be

made.
The same observations can be done with concempetad years spent in the UK.
Table 4.3summarises participants’ biographical and cultdedh.

Instead, we can consider the country of origin aseasure of participants’ cultural background.
Table 4.3reports the values per participant and the ap@atgpaverage index per group of two
indices elaborated by Hofstede (2001)n a database of employees’ values firstly builtBM

(1967-1973 on a sample of 70 countries) and théeneked by Hofstede until 2001 covering 74
countrie€®. These measures are computed from a set of qunegti@sented to workers in the

form of Likert scale itemsl§id). In particular, two cultural indices were seletcte

i. the Power Distanceindex (PDI), which is a measure of inequality Binom below, not

from above” http://www.geert-hofstede.com/index.shintofstede adopts the definition  of

power distance originally elaborated by Mulder (ZR7which consists of “the degree of
inequality in power between a less powerful Indixatl(l) and a more powerful Other (O), in
which | and O belong to the same (loosely or tigktiit) social system”. In other words, it is a
proxy of the extent to which power inequality bedémepeople in a society is accepted and

expected to be as a normal feature of the sodeif'?;

ii. the Individualism Index(IDV), which measures the extent to which in aistyc“the ties
between individuals are loose: everybody is exmkttelook after him/herself and his/her

immediate family” http://www.geert-hofstede.com/index.shjfll

These two measures can help us interpreting thitsese obtained. In particular we can look at

the correlation between the number of times eaohmachieved the strongly efficient network

" For more details, please refer also to Hofstedan@ Hofstede, G.-J. (2004).

8 For additional information concerning Hostede'diies please visitttp://www.geert-hofstede.com/index.shtml
[viewed 29 Sept 2011] andhttp://www.gertjanhofstede.corfWiewed 2 Sept 2011]in addition to the references
provided in the bibliography.

9 For an analytical definition of the PDI index atiety way in which it is computed and adapted from ariginal
IBM scores, please refer to Hofstede, 2001:85-91.

8 For an analytical definition of the IDV index atftey way in which it is computed and adapted frbm ariginal
IBM scores, please refer to Hofstede, 2001:214-219.
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configuratiofi* and the average PDI per group. Their relationghigegative (-0.355); therefore,
the fact that inequality is more widely acceptedha societies where some of our experimental
subjects come from is inversely correlated to thievergence towards strongly efficient network
architectures. On the contrary, IDV and the nundiéimes the groups achieved the double-pair
network is positively correlated (0.55). Hence,iwdlalism is positively correlated to network
(and payoff) efficiency. Even if it has to be renwged that we are considering mere correlations,
the results above give us a good overview aboutrémel that could be found out in an extension

of our experiment to a larger scale of observations

Table 4.4 — Set of items (questions) of the Like&cale

Question
ID code Item
a My collaborators usually act in favour of the imsts of our cooperative work
b I think | usually act in favour of the interestsroy cooperative work more than my
collaborators do
C My relationship with my collaborators can be defirzs “mutually gratifying”
d | usually trust the work done by my collaborators
e | usually trust my collaborators to do things | cahdo by myself
f | share my knowledge with my collaborators whenggssible
g I am usually open to being influenced by my collabors’ ideas
h | enjoy discussing issues with my collaborators nvive are working together

Adapted from: Rindfleisch (2000)

Additionally, if we consider scenario 3 when theeghnetwork was shown to the participants,
group 4 decided to create just one pair and therotiwo individuals were isolated in the

network. In particular, agents 2 and 4 built a aodiration; they come from Iran and Morocco
respectively and their countries have a IDV scdré6oand 41 which are higher compared to the

scores of the other group members’ countries (21334).

As far as the level of cooperativeness of eachigyaaint is concerned, we computed an index
extracted from the answers the subjects gave tae8tapn about their perception on themselves
as collaborators and about the cooperative attitafdtheir collaborators in real life contexts
(e.g: job experiences, university group coursewoflgble 4.4lists the set of questions ibems
(Rindfleisch, 2000) which had to be answered usihiert scale(from 1 — strongly disagree —

to 7 — strongly agree -).

81 Recall that, out of 6 possibilities, groups 1,rl 8 achieved the strongly efficient configurati®nimes, while
group 4 just 2 times.
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As we can notice fronable 4.5 if we consider the average score per items @ ¢ive groups,
guestionsf andh obtained a high average score (5.81 and 6.06 ¢igply), meaning a wide
agreement on the items: participants seem to afigmussing and sharing their knowledge with

collaborators.

Nonetheless, itemis ande received the two average lowest scores (4.12 atklréspectively):
on average, participants do not think they actawvotir of their collaborative work more than
what their collaborators actually do, but, at thene time, they do not trust the collaborators on

doing tasks they cannot do by themselves.

Additionally, considering the average cooperatiwsnmgmdex per group, it is worth noting that
while groups 1-3 have an average index about 5@Jpg4 has an average index of 4.03.
Therefore, people in groups 1-3 seem to have aagdroattitude toward cooperation, while
participants in group 4 has a weaker one. Hencezameinfer that participants’ cooperativeness
might have played an important role in our experimé particular when, in ENCG, we had
imposed exogenously given network structures. eantlore, the variances amongst individuals
who are part of the same group and the variancesgsh the average cooperativeness level of
the four groups can support us on explaining soiméhe results obtained in ENCG. For
example, group 2 struggled to converge upon tlangly efficient network when both star and
complete networks were shown. If we look at thearare of the cooperativeness index among
group members, we can notice that they have theebtgvariance (0.72) when compared to the
ones of the other groups. Therefore, we can iigrthis group was less “homogenous” in terms
of cooperativeness level, even when compared topgey which, although has the lowest
average index (4.03), presents the second higlaestnee among individuals (0.57). This could
be one of the reasons why group 2 partially dedifitem the behaviour displayed by groups 1
and 3, where the variance between individuals vgeto(0.44 and 0.01 respectively). Although
we do not have enough observations in order toeaehgeneral results, we cannot ignore this

aspect and further research has to be done oisshis.
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Table 4.5 — Index of cooperativeness per participamnd per group

Likert Items
Index
. Index variance
Group Participant a b c d e f h Average variance Group
ID number ID number 9 Index among Average per group
agents average
1 7 4 5 5 7 7 6 6 5.87
2 7 6 7 6 5 7 5 7 6.25
1 5.53 0.44
3 7 3 5 5 4 6 3 5 4.75
4 6 4 6 6 3 6 5 6 5.25
5 7 6 4 7 6 7 6 7 6.25
6 6 6 6 5 5 6 6 6 5.75
2 5.37 0.72
7 4 4 4 4 4 4 4 6 4.25
8 7 1 7 4 2 7 7 7 5.25
0.74
9 1 1 7 7 6 7 6 7 5.25
10 7 5 6 5 3 5 6 6 5.37
3 5.37 0.01
11 5 6 6 6 7 5 3 6 55
12 5 4 6 6 6 5 4 7 5.37
13 4 5 4 5 4 5 5 5 4.62
14 1 1 1 3 3 7 4 7 3.37
4 4.03 0.57
15 4 5 3 3 3 3 3 3 3.37
16 7 5 5 3 3 6 3 6 4.75
avg score 531 | 412 | 512 | 5 | 443 | 581 | 4.75 | 6.06
per item
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Finally, as expected, the correlation between thexame cooperativeness index per group and
the number of times each group achieved the stycef§icient network configuration is positive
(0.99).

If we take into accountypothesis 2it is possible to state that individual charasters per se

did not affect the experimental resfiftavhile cultural backgrounds and social preferemight
have had an impact on them. In fact, with regargheécsonal features, as we have underlined
above and as it emerged from the audio of the @essparticipants were often influenced by
leader(s) of the group, who they “imitated”. Thader(s), therefore, played a fundamental role
on convergence onto the strongly efficient netwak]east in BCG, where the network was
endogenously built by the participants. Moreovettitiales towards cooperativeness are
important when we take into consideration the nektwavolution: showing subjects different
pre-imposed network configurations to dynamicallpdify had an influence on the group
composed of the “most selfish” participdfit§that is to say, the participants with the lowest

average index of cooperativeness).

As far as fairness attitudes are concerned, irattadysis of the results above we have showed
that participants cared about payoffs equity andregtry, both in BCG and ENCG. The most
significant example is provided, again, by groupwhen they were showed the line network
(which is asymmetric), they opted for a wheel netkyavhich is not payoffs maximising but
symmetric. For further research purposes it wowddubeful to apply a theoretical modela

Fehr and Schimdt (1999) in order to systematidaiy this relationship in a larger sample.
In light of this evidence, we can conclude thgpothesis Zannot be rejected.
4.4.3.4 Results: Final observations

We can now proceed on considering whether the hgset 1, 3 and 4 we made at the beginning

of this section were satisfied or not accordingh experimental results.

With regard tohypothesis oncerning negative externalities, we had contsakevidence. In
fact, partially in line with the results obtainey Wanin (2002), in BCG all groups fully
internalised the negative externalities generatethé same assumptions of the co-author model;

8 Nevertheless, we need to specify that group 4 tiwasonly group in which any of the participants wneach
other. Even if we cannot consider acquaintance @ersonal feature of the individuals, we can casrsilas a sort
of “relational” characteristic itself, which couldve had played a role.

8 It is interesting to notice, for example, that afethe participants in group 4 suggested four sirtethe other
participants not to collaborate at all.
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on the contrary, group 4 deviated in most of theesdrom convergence on the strongly efficient
but not pairwise stable configuration in ENCG. Aduhally, it is important to notice that we let
people playing the connection games under the favsiurable conditions, that is, allowing
them to communicate and discuss the collaborastmsture amongst each other. What happens
if we relax this assumption and we put emphasitherrole of individual decision making? We
will provide a partial answer and a suggestionifigorovement section 4.5; for the moment, we
can just state that, with regard to hypothesisd had controversial evidence: in the majority of
the observations and sessions people did inteendlis negative externalities but we cannot
ignore the peculiarities of group 4 which did neeaome this problem and converged upon

over-connected non efficient networks. Hence, weardy partially accept it.

The same conclusions can be inferred in the cabgputhesis 3people have partially deviated
from the efficient networks when, coping with exngasly imposed networks, they were given
the possibility of severing collaborations by ingug no costs. Although the no-cost condition
was revealed as a strong assumption, we can omtialpaaccept hypothesis 3, because, in
BCG, where no possibility of deleting links was @iy all groups converged on the strongly
efficient network, while in ENCG group 4 frequentlgviated.

Moreover, the same arguments can be used to preujigort to the non rejection bypothesis

4, according to which we should have observed diffees in terms of efficiency when people
are asked to endogenously build their own collaimma compared to when they exogenously
modify a pre-existing network, even if we cannohdade that the difference sgnificant(as

stated in the relevant hypothesis). Finally, weeobsd that different imposed network structures
made group 4 deviating from efficiency, also fronpayoffs perspective. In that way, payoffs
were not maximised, while, again, symmetry and tgqubncerns were always taken into

account by all groups.
4.5 Conclusion and Research Agenda

In this study an experimental application of theacbhor model of J&W has been presented.
The main purposes of this chapter were to analgsewtay in which collaborative networks
emerge and the potential trade-off between netwpdaksvise stability and efficiency. Although
our experiment is conceived as a pilot, mainly beeaof the small sample size, some

observations drawn from our analysis could be awmred of interest for future research.

Firstly, it is possible to confirm one of the maisults obtained in the analogous experiment

designed by Vanin (2002): even if we let peoplerfdheir own collaborative networknder the
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most favourable condition&.g: communication amongst participants), it is naaclwhether
people systematically reach the strongly efficiesiwork configuration or not. The behaviour of
the participants in one of the experimental grotlparly confirmed this tendency.

Secondly, evidence of the trade-off between paevdtable configurations and efficiency is
provided: most of the time participants convergaed agreed on building a strongly efficient
architecture, which, on the other hand, is notvpae stable, given the structure of costs and

benefits the participants were provided with.

Thirdly, we obtained controversial evidence withspect to the differences between the
condition in which people built their own networmkdogenously and the one in which they were
provided with exogenously imposed configurationswidver, star, line and complete networks
appeared to be the imposed architectures which matly influenced the participants, also in
one of those experimental groups that always agmeedthe strongly efficient network
eventually. These results might be interpretedghtlof the fact that people, when making their
connection decisions in a collaborative environmdatnot care only about utility maximisation,
but they are also concerned with fairness motivad aith payoff symmetry amongst

individuals.

Finally, through a simple statistical analysis ahd elaboration of both an individual and a
group index of cooperativeness, we showed the itapoe of investigating the role of people’s
cultural features and degrees of cooperativenesspivided a first insight into the crucial role
these factors could play on affecting individuatennection decisions. However, it was not
possible to take into account individual charasters €.g: gender and years spent in the UK)

because our sample did not show variance with otspehem.

Nonetheless, it is useful to underline some lirotag which emerged from the study, in order to

provide some suggestions for a further developrottitis analysis.

With concern to the game in which participants warewn different imposed network structure

(ENCG), we must specify that the order in whichytth@d been presented could have affected
groups’ decisions. Due to the fact that we had d@lyarticipants, it was not possible to vary the
order of the networks per different groups; in factorder to make a systematic comparison, we
would have needed a sufficient number of groupswvhich networks were displayed, for

instance, from the strongly efficient network te ttar; another set of groups in which the order
was the opposite and so on. Additionally, it wohé&linteresting to check whether letting people

play only ENCG would give the same results or not; on onalhae could incur the risk that
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subjects would not be sufficiently confident wittetgame, but on the other we could isolate the
role played by imposed exogenous structures moearlgl Further developments of this
experiment should take these aspects into consiolera

Moreover, due to budget constraint, it was not fbssto use PC lab when running the
experiment; hence, the “pen and paper” solution a@dapted. Nonetheless, using a software
could have helped to “clean” the results, for diéf& reasons) the experimenter would be able
to control for the actual time people take to makeaecision, both individually and in terms of
groups;ii) the potential systematic influence of one memlbé¢he group €.9: a leader) could be
detected and some inferences could be drawn frarthdri behaviour and from the other
members’jii) the degree of cooperativeness could be reducethanale of individual genuine
intentions emphasised in a more systematic andteféieway. For example, if we let people
playing at PC stations, on one hand, they wouldkmatw the real identity of the members of
their same group: we could control for factors viahinight generate experimental noiseg(
physical aspect, mutual acquaintance or a sorfficdt ‘impression” effect); and on the other
hand, they could be allowed to make several linkspgpsals to be accepted or rejected by
anonymous other members contemporaneously. Thiegsocould last until the experimenter
(by adequately programming the software) randondyps the game (Di Cagno and Sciubba,
2010).

Furthermore, from some comments made by the mewiene of the groups (number 2), it
emerged how important would be to design the erpent with more rounds. In this group,
participants explicitly considered the opportunityhen a hierarchical network as the star was
shown, of a sort of “rotation” of the person whosagoing to get the highest payoff. Statements
like “I allow you to get the highest payoff now, butthe next round you give me back the
favour: | get the highest and you take the lowestofii” clearly suggest a modification of the
experiment in this way. In fact, people had to egel the possibility of gaining the highest
payoff in rotation, because the experimental sgtind conditions did not imply this possibility:
participants did not know whether in the followingund of the game they would have been
provided with the same network or with a differarte. However, given the experimental
parameters and the random lottery incentive sysegreeing on the double-pair network was

the best solution in terms of payoff maximisation.

In addition, this variation could help to explaimnge phenomena which occur in real
collaborative networks. For instance, in the cassceentific co-authorship networks, different

name ordering rules exist, based on which the asitbba paper written in co-authorship are
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listed; these rules mainly depend on the sciendifea. Nonetheless, for example in economics,
there is not such a specific rule and scientistdcdcdecide to alternatively be the “first authof” o

a paper; position that in some cases could assage prestige to the scienfist

Finally, it is useful to underline some of the limembedded in the J&W co-author model itself,

which could have influenced the results we obtained

In fact, the model assumes zero payoff when nosliate built amongst agents. Moreover, the
model imposes a time endowment, which people camdspn working in collaboration with
other individuals, but not alone. This is a resitviee assumption: in real networks people could
intentionally decide to work alone and to spendtladlir time endowment in it. Therefore, an
improvement of the model should take into consitlenathe possibility of being an isolated

agent in the network, and incurring appropriatasogile gaining benefits as well.

Additionally, with regard to the time endowment rtiened above, the assumption that people
equally split it between the collaborations thejidseems to be far from reality. We could think

that on one side, different projects require dédfereffort levels, hence less or more time; and on
the other side, people can autonomously decideviest more or less time on different projects,

or different stages of a project require divers@ants of resources, including time.

In conclusion, it is fundamental to underline tB&W co-author model and the experiment
illustrated in this essay deal with agents’ homaign This implies that the same value function
is assigned to all individuals; we did not assuha participants were given different knowledge
values, different expertise and so on, while il redworks this is the case. For example, our
experiment could be enhanced following the expeninoé Goeree et al. (2009) where subjects
are divided in different “types of individuals” (\g high and normal); the authors, even if they
follow the theoretical model by Bala and Goyal (@)Gound that individuals’ heterogeneity do
affect the emergence of, for instance, hierarchielvorks. Assuming that people differ with
respect to some relevant criteria makes the cdatr@nvironment more realistic without loosing
experimental control and avoiding possible confengdactors and noise in the data. Moreover,
some of the architectures proposed in our expetim@und be revealed as stable. As Cowan and
Jonard (2004) suggest, a theoretical model in whistkector of knowledge types is considered

could provide a deeper insight into the way in ahieetworks form and evolve. Alternatively,

8 For example, suppose four authors named A, B,dCDaare going to publish four papers together ieér time.

Since each single paper is written by the same dathors and it will be (hopefully) cited by othmapers as “A et
al.”, they could decide to rotate the first autlamnongst the four papers, equally splitting the $figee” deriving

from the publication.
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another solution that could be implemented congisiscluding a coefficient which depends on
the type of the link formede(g: a link is built between a high type and a loweaypdividuals
and a coefficient is assigned to the value of thellaboration, which is different from the one

assigned to a link between two low-type agentsirfstance).

The suggestions proposed above are of fundamembrtance in order to improve the
experiment illustrated in this essay and they cdudduseful to provide a more exhaustive
understanding of the mechanism behind the procexfsestwork formation in a collaborative

environment.
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APPENDIX A — EXPERIMENTAL INSTRUCTIONS(General, Game 1 and Game 2)

INSTRUCTIONS

You have been asked to participate in an econoaxpsriment. The instructions you are about
to read are self-explanatory. No questions willamswered once the experiment starts. If you
have any questions, you should read back througbetinstructions and ask the experimenter
before we start. From now on | ask you not to #dlkll during this experiment (except for when

you are allowed to) and to pay attention to thérugsions.

In this experiment you will be asked to play twéfetient connection games. Each time you will
receive appropriate instructions. In both gameswiube playing with three other persons, and
they will be the same for the entire experiment.

Each of you is denoted by an identification numlvaich was randomly assigned to you at the
beginning of the experiment; | kindly ask you tewhyour identification number on your desk
during the experiment. You will keep this numbeboth games.

In both games you have the opportunity to buildnemions with the other agents, in order to
work together on a project. You may decide to @esveral two-person links, that is to say
connections involving you and one other agent waylon the same project. Deciding to build
connection(s) implies that both you and your partneur some costs in terms of time, but also
gains in term of the benefits deriving from thelabbration(s). You may also decide not to build
any link and in that way you will not incur neith@rsts nor gains.

Any collaboration is established only if both ageagree upon. For example, if you propose an
agent to work together, he/she has to accept yibewr io order for the connection to be built. In
the two games you will have the possibility to bl a maximum of three collaborations.

You are given an initial time endowment of 6 houfsyou decide to collaborate with other
agent(s), you split your time endowment equally aghall collaborations you are involved,
according to the following table.

Number of YOUR collaboration$ Hours YOU spend per collaboration

0 (alone) 0 (do not work with others)

1 (one collaboration) 6 (all your time is for that collaboration)

2 (two collaborations) 3 (half time for each collaboration)

3 (three collaborations) 2 (one third of time for each collaboration)

Additionally, for each collaboration, you and yqartner benefit from aynergy effectwhich is

an increase in the payoff due to the collaborattealf. The synergy effect depends on how
many hours you and your partner decide to spenthencollaboration. The following table
shows the synergy effect per each possible combmat
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Hours YOU spend Hours your PARTNER
. spends on the SYNERGY EFFECT
on the collaboration .
collaboration
6 6 6
6 3 3
6 2 2
3 6 3
3 3 1.5
3 2 1
2 6 2
2 3 1
2 2 0.6

For any given collaboration, you and your parte@eive the same payoff, given by:
Agent’s payoff = Number of hours you spend on the collaboration
+ Number of hours your partner spenden the collaboration

+ Synergy effect

Your total payoff is just the sum of the payoffs you receive forheatyour collaborations.

Example:

Suppose you are involved in only 1 collaboratiod gour partner is involved in 3 collaborations
(including the one with you). Therefore, you spénldours and your partner just 2 hours on the
collaboration. Hence, your payoff for that colladoon is 10 =6 + 2 + 2.

If you decide to establish more than 1 collaborgtigou just have to sum up the payoffs you
receive in each collaboration. Suppose that

Collaboration #1 payoff = 10
Collaboration #2 payoff = 6

Collaboration #3 payoff = 4.6

Therefore, your total payoffis 20.6 =10 + 6 +.4.6
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At the end of the experiment, one of the two garmwed one of the four participants will be
randomly selected by the experimenter. The selggéeticipant will be rewarded according to
the payoff he/she received in the selected gampeirit will be equal to 30 pence.

Do you have any questions?

Now please complete the questionnaire you are giuerorder to practise calculating the
payoffs. When you have finished, please raise yaund and the experimenter will check your
answers. The experiment will start once all pgsaats have successfully answered the
guestionnaire.
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GAME NUMBER 1 - YOUR TASK

In this game you are asked to decide if you wartoltaborate in order to work on one or more
projects with other agents. If so, you have to deavith whom you want to collaborate and to
find the necessary agreement in order to estathisicollaboration.

You are given 5 minutes to think alone about yoacision(s). When your time is up, the
experimenter will stop you and will ask you to st@n open discussion with the other agents, in
order to reach an agreement on the connectionidesisThe open discussion will last 10
minutes.

Recall that a collaboration is established if anty af both agents agree upon and your payoff is
calculated according to the connection(s) you kellable to build during the open discussion.

Your payoff is calculated in the way explained he tinstructions. If you cannot reach an
agreement with the other agents, the payoff gbatticipants will be equal to 0.

At the end, please fill out your decision sheetoading to the collaborations you have built and
give it back to the experimenter.

Please take a look at the decision sheet you ae® @ind be sure you fully understand how to fill
it out.

Do you have any questions?
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GAME NUMBER 2 — YOUR TASK

In this game 5 different scenarios representingaborations between agents will be shown you
one at a time. You are free to decide:

v' not to change any of your collaborations and legwer collaborations as shown in the
network;

v'delete one or more of your collaborations;
v'add one or more collaborations (up to a maximu® cbllaborations).

Also in this game you need to find the necessamgeagent if you want to establish new
collaboration(s), whereas you do not need any a@pbroy your partner in order to severe a
collaboration.

For example, suppose you are agent number 1 andngshown the following collaboration
scenario:

You could decide not to modify any of your collagibons or to delete both collaborations (with
agents 2 and 4); or to add, for example, a nevalsotiation with agent number 3.

You are given 1 minute to think alone about youcisien(s). When your time is up, the
experimenter will stop you and will ask you to stam open discussion with the other agents, in
order to reach an agreement on the connection idesisThe open discussion will last 5
minutes. Recall that a collaboration is establisifieehd only if both agents agree upon, but you
could autonomously severe one or more collaboratiboreover, remember that your payoff is
calculated according to the connection(s) you kbellable to build during the open discussion.

112



Your payoff is calculated in the way explained he tinstructions. If you cannot reach an
agreement with the other agents, the payoff gbatticipants will be equal to 0.

At the end, please fill out your decision sheeading to the collaborations you have built, give
it back to the experimenter and wait until the ekpenter shows you the second scenario and so
on.

The experiment ends when you give back the decsheet for the fifth scenario.

Please take a look at the decision sheets (onegwér scenario) you are given and be sure you
fully understand how to fill it out.

Do you have any questions?
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APPENDIX B — SAMPLE OF THE DECISION SHEETS (Game 1 and Game 2)

GAME 1
DECISION SHEET

Agent number 1

Recall that 1) you are not forced to fill out all he tables. You only need to complete as many collatation
tables as the number of collaborations you could bld during the game (if any). You always have to fi out
the TOTAL PAYOFF TABLE though; 2) your collaboratio n(s) is established according to the decisions

agreed during the open discussion.

v" Collaboration tables

A - Collaboration with agent number: .........ccccovcrrverevnnnne.
Hours you.spend Hours your par'Fner Your payoff for this
on this spends on this Synergy effect .
. . collaboration
collaboration collaboration
B - Collaboration with agent number: ............ccceeueun.n..e.
Hours you.spend Hours your par'Fner Your payoff for this
on this spends on this Synergy effect .
. . collaboration
collaboration collaboration
C - Collaboration with agent number: ..........cccccceceeueeneenee
Hours you.spend Hours your par'Fner Your payoff for this
on this spends on this Synergy effect .
. . collaboration
collaboration collaboration
v' Total payoff table
Your payoff in Your payoff in Your payoff in Your
collaboration A collaboration B collaboration C TOTAL PAYOFF
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GAME 2
DECISION SHEET — SCENARIO 1

Agent number 1

Recall that 1) you are not forced to fill out all he tables. You only need to complete as many colladation
tables as the number of collaborations you could hld during the game (if any). You always have to fi out
the TOTAL PAYOFF TABLE though; 2) your collaboratio n(s) is established according to the decisions
agreed during the open discussion.

v" Collaboration tables

A - Collaboration with agent number: ...........cccccceeeuuen..ee.
Hours you.spend Hours your par’Fner Your payoff for this
on this spends on this Synergy effect .
. . collaboration
collaboration collaboration
B - Collaboration with agent number: ..........ccccoecrrvereanee.
Hours you.spend Hours your par’Fner Your payoff for this
on this spends on this Synergy effect .
. . collaboration
collaboration collaboration
C - Collaboration with agent number: ........ccceccevvevrieinnnnns
Hours you.spend Hours your par’Fner Your payoff for this
on this spends on this Synergy effect .
. . collaboration
collaboration collaboration
v' Total payoff table
Your payoff in Your payoff in Your payoff in Your
collaboration A collaboration B collaboration C TOTAL PAYOFF
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APPENDIX C — SAMPLE OF THE SCENARIOS SHEETS (Game 2)

SCENARIO 1

1

\ \

3

Please feel free to use this space to write your oates.
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APPENDIX D — PARTICIPATION AGREEMENT

PARTICIPATION AGREEMENT

Economics experiment on decision-making

By signing up this form you accept to participateéhis economics experiment.

Please note that the experimenter will treat afipomses in strict confidence during this
experiment and no personal information will be pasanto third parties.

All responses will be saved in a format which petdeyour and other participants’ anonymity.
Experimental data will be stored using personahiifieation numbers to identify participants.

All experimental results will be reported in a mannvhich relates to the whole experimental
sample of respondents. Readers will not know whtigigated in the experiment, and therefore
will not be able to infer any personal details abeny participant.

Please note, the experimenter has received forppabeaal to undertake this experiment, which
is compliant with University of Nottingham'€ode of Research Conduct and Research
Ethics' —

http://www.nottingham.ac.uk/ris/local/research-
strateqgyandpolicy/Code of Conduct(Version 3 Janu20¥0).pdf

Participation will take approximately 60 minuteadaone randomly selected participant can earn
up to 9 pounds depending on his/her decisions guhie game.

| have read and understood this Participation Agesd. | agree with the terms outlined above,
and wish to participate in this experiment.

NaAME e e

Signature

Date
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APPENDIX E — QUESTIONNAIRE: PAYOFFS
QUESTIONNAIRE

Please answer the following questions using th&uosons concerning the calculation of the
payoffs. Once you have finished, please raise yaumd and the experimenter will check your
answers and clarify your doubts, if any.

1. Suppose you decide to establish 1 collaboratioh aitother agent who wants to collaborate
only with you. Therefore, you have 1 collaboratéord your partner has 1 collaboration.

Your payoff for that collaboratiors:

2. Suppose you decide to establish 1 collaboratioh astother agent who wants to work only
with you. Instead, you also want to collaboratehwéinother agent. Therefore, you have 2
collaborations and your partner has 1 collaboration

Your payoff for that collaboratiois:

3. Suppose you decide to establish 1 collaboratioh aiother agent who wants to collaborate
with you, but he also wants to establish anothdaloration with another agent. You also want
to collaborate with another agent. Therefore, yaueh2 collaborations and your partner has 2
collaborations.

Your payoff for that collaboratiors:

4. Suppose you decide to establish 1 collaboratioh anmpther agent who wants to collaborate
with you, but he also wants to work with other 2m@i$. You also want to collaborate with other
2 agents. Therefore, you have 3 collaborationsyamnd partner has 3 collaborations.

Your payoff for that collaboratiois:

5. Suppose you equally split your time working witkliferent agents. Therefore, you allocate
3 hours per each collaboration. Your first partremworking only with you; hence, he/she
allocates all the time (6 hours) for the collabmmathe/she has established with you. Instead,
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your second partner is involved in other 2 collabions; hence, he/she can spend 2 hours
working with you.

Your TOTAL payoff is:

Answers:
1. 6+6+6=18
2. 3+6+3=12

3. 3+3+1.5=7.5
4. 2+2+0.6=4.6

5. (3+6+3)+(3+2+1)=12+6=18
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APPENDIX F — QUESTIONNAIRE: BIOGRAPHICAL |NFORMATION AND COOPERATIVE BEHAVIOUR

QUESTIONNAIRE

Please answer the following questions about yoographical information and your attitudes.
Your identity will not be revealed neither to thiaer participants nor to the experimenter.

Thank you very much for your collaboration!

1. Gender: ofemale o male

2. Age: 0«20 020-23 o024 -27 028-31 o>31

3. MSc/PhD Program and year:

4. Department/School:

5. Country of origin:

6. Years spent in the UK (if not British):

7. To what extent Do you agree with the following staents? (Please answer accordingly to
your job experience a/o university experiena@g: group projects/courseworks)
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a. My collaborators usually act in favour of the irgsts of our cooperative work.

Strongly Strongly
disagree agree

1 2 3 4 5 6 7

O O O O O O O

b. | think | usually act in favour of the interests ofy cooperative work more than my
collaborators do.

Strongly Strongly
disagree agree
1 2 3 4 5 6 7
O O O O O O O

c. My relationship with my collaborators can be defiras “mutually gratifying”.

Strongly Strongly
disagree agree

1 2 3 4 5 6 7

O O O O O O O
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d. lusually trust the work done by my collaborators.

Strongly Strongly
disagree agree

1 2 3 4 5 6 7

O O O O O O O

e. lusually trust my collaborators to do things | cahdo by myself.

Strongly Strongly
disagree agree
1 2 3 4 5 6 7
O O O O O O O

f. 1 share my knowledge with my collaborators whenewassible.

Strongly Strongly
disagree agree
1 2 3 4 5 6 7
O O O O O O O
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g. |lam usually open to being influenced by my coliabors’ ideas.

Strongly Strongly
disagree agree

1 2 3 4 5 6 7

O O O O O O O

h. I enjoy discussing issues with my collaborators mvive are working together.

Strongly Strongly
disagree agree
1 2 3 4 5 6 7
O O O O O O O
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APPENDIX G —NA INDICES OF CENTRALITY OF A NODE IN A NETWORK

To be reminded here that, broadly speaking, thee@&sdof centrality of the networks allow the
analyst to define the hierarchical position that aade in a network play in terms of its strategic

power within the network itself.

INDEX AIM COMMENT
n
c, iZ:l’,l(c’ﬂ.,ak)
G = =
(n-1) (n-1) The index is
It measures the number . .
Degrge _ _ of links per each Singlanormallsed according
centrality | = direct link between two : to the network
. : node in the network. .
adjacent nodesy, ak) magnitude.
Cs = un-normalised degree
centrality
. n-1
Ce(a) =7 It measures the node[s
Zd(a1 ,a,) strategic role in aThe index is
Closeness i=1 network: it is related to normalised according
centrality its ability to reach eachto the network
d = geodesic distance (the| other node efficiently magnitude.
smallest one) between two| and autonomously.
nodes &, a.)
The index is
normalised according
to the network
magnitude.
The un-normalised
It measures theindex is computed as
potential strategic rolefollows:
C (a)= ZCI—(ak) which a node could g (a,)
(n=2)(n-1) |play in the scientifid b, (a,) =———
Betweenness collaboration network i
centrality (n-2)(n-1) _ through connecting supbj(a,) = proportion of
——————==maximum | networks which| geodesic distances (the
2 otherwise would be smallest ones) between
value ofCi(aq) disconnected from eaghevery two nodes in the
others. network (, j andi<z>j
gia) = geodesic
distance betweenand
j (where we also find)
gj = the shortest path
between and]
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