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Résumé en Francais

La compréhension par les économistes des modegadiisation et de production des
connaissances scientifiques reste limitée malge développements récents de
I’économie de la science (Dasgupta et David, 18&4son, 2004, Stephan, 2008). Or la
recherche et I'innovation sont devenues des enjeapeurs pour la compétitivité des
économies européennes et leur croissance (Meyémiarg 1989).

La littérature, essentiellement anglo-saxonnetache a I'étude d’universités en tenant
compte de l'individu/chercheur comme unité d’analyt s’intéresse beaucoup plus
rarement aux organismes publics de rechercheretlerche collective qui en résulte de
la collaboration entre différents chercheurs destlaractéristiques sont hétérogéenes. Ces
travaux de these portent une attention particuliémn seulement au rdle de
I'individu/chercheur au sein du processus de prbdncscientifique mais aussi a celui
des laboratoires de recherche en tant qu’orgaorsatcomposés des groupes de
chercheurs.

Le cas du systeme de recherche académique Fradeas,lequel nous trouvons une
structure mixte au sein des laboratoires de rebleeacadémique, nous permet également
de distinguer le rbéle des organismes de recherchdigpe comme le CNRS ou
'INSERM dans cette organisation et production edive de connaissances. Ces
organismes étant consacrés a la recherche de bhafmaamentale, leur apport a la

croissance economique est indiscutable (Steph&)19

Plus particulierement, l'objectif de ces travaux €& mettre en lumiere les
caractéristiques propres aux phénomenes de produgtide qualité scientifique. Cette
thése s'intéresse aux questions relatives aux téaistques de la production et a la
qualité de la recherche scientifique, d’'une paxt@gterminants en matiere des ressources
humaines et financiéres de ces phénomenes, etaljaaut aux relations existantes entre
différents éléments issus de la décomposition deleax types de ressources. L'intérét
porté a ces questions permettra ainsi d’effectwesr commandations en termes de
gestion institutionnelle d’équipes de chercheurdest ressources financieres favorisant

la production publique des connaissances issuesidaux organismes publics.
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Résumé en Francais

Ainsi, ces travaux sont centrés sur des questalatives a la composition des équipes et
aux modes de financement des laboratoires de @when tant que déterminants de la
production et de la qualité scientifique, a la @bdiration entre différents types de
chercheurs, et aux relations de complémentarit@ elifférents types de financement de
la recherche publique. Les paragraphes suivantsigaent une bréve description des

différents chapitres composant ces travaux.

Chapitre 1 : Revue de littérature

Dans le premier chapitre de ces travaux, nous tefies un rappel de la littérature en
économie de la science. Nous nous servons deratifféconcepts et résultats des travaux
existants afin de contextualiser nos études sprdduction et qualité scientifique, ainsi
que I'existence de liens de complémentarité eriteeaheurs de différents statuts et entre

différentes sources de financement.

Ainsi, nous commencons par distinguer le fait qaeptoduction de la recherche
scientifique est asymétrique dans sa distributebplupart des publications scientifiques
étant produites par des chercheurs trés expérisatité seniors, alors que des travaux
récents montrent que cette méme production estéesqar des collaborations entre
chercheurs. Nous plagons ainsi nos travaux de reoheous le cadre d’un processus de

production et de qualité scientifique interactitetlectif.

Ce cadre de travail est delimité par difféerentsrtbe revus dans cette littérature tels que,
d’une part, les différents environnements de resttesre role de la structure hiérarchique
au sein des groupes de recherche et I'organisatioiale des laboratoires de recherche,
et d’autre part, les comportements des agencesdecément de la recherche ou la

structure de financement des laboratoires et dehsir la production scientifique.

Chapitre 2 : Ensembles de données

Nous avons travaillé sur les informations fourmpas la base de données concernant les
laboratoires publics de recherche au sein de kam& Université Louis Pasteur. Ces
informations portent sur la composition et la prctén des laboratoires de recherche de

I'université au cours de la période 1996 — 2008.

Dans le cadre de ces travaux de thése, cette baseéargie au niveau des données
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Résumé en Francais

concernant la production scientifique des laboratode recherche de l'université. La
base originale s’arrétant en I'année 2005, nousi@wdil récupérer les informations
manquantes jusque 2010 afin de pouvoir exploiterifdormations présentes dans le
contrat quadriennal de 2008, élargissant ainsenaériode d’analyse a 4 quadriennaux.
Par ailleurs, on a également élargit la base afornmations concernant les facteurs
d’'impact des journaux scientifiques dans lesqueshercheurs affiliés a I'université ont
publié¢ au cours de la période 1996 — 2010 permtetiamsi la derniere analyse.

Finalement, on a obtenu des informations conceregnfinancements des laboratoires
au cours de la période 2001 — 2008 qui nous omhiged’effectuer les analyses portant

sur I'impact des ressources financiéres.

L’ensemble des données peut ainsi étre décompos@uetre grands ensembles
d’'information : les laboratoires, le personnel, peglications et les financements ; ces
ensembles ont été fusionnés a l'aide des iderttfiza propres aux laboratoires et aux
individus/chercheurs, ce qui nous a permis de pircéux différentes études en tenant

compte non seulement de I'individu mais aussil®tatoire comme unité d’analyse.

Chapitre 3 : Déterminants de la production et de la gualité scientifique

En construisant sur la base des travaux de Caeaydatt (2006), une premiére analyse
est effectuée afin d’évaluer I'impact des ressarhamaines et financieres sur la

production et sur la qualité de la recherche pulelidans les laboratoires de recherche.
Cette analyse propose une décomposition de cestgeesx de ressources (selon le rang
des chercheurs au sein du systeme académique Brahgalon le type/provenance des
fonds de financement). Cette décomposition nougraig de mieux comprendre le

phénomene de la production scientifique collectivesein des laboratoires de recherche

publique financée par des capitaux publics ou privé

Dans ce chapitre nous analysons la production tstigre collective des laboratoires
mesurée par le nombre total des contributions dictess scientifiques et par le nombre
total des publications fractionnaires produitesligaasemble de chercheurs associés a un
laboratoire de recherche ; nous analysons égalemaemjualité de la production
scientifique mesurée par le facteur d'impact mogemeédian des revues scientifiques
dans lesquelles les chercheurs associés a un faiberpublient. Ces phénoménes de
production et de qualité scientifiques sont anaygsdon différents modéles de régression
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Résumé en Francais

tenant compte de la composition des ressourcesihamat des modes de financement
en tant que variables explicatives des deux phénesé&inalement, les mémes analyses
sont effectuées en termes de recherche indiviuaiemnant cette fois ci le chercheur

individuel comme unité d’analyse.

Les résultats concernant les analyses dans cetm@hapontrent que la production
scientifique des laboratoires est en effet affep@ireune décomposition des ressources
humaines et que la production scientifique indieitkl est affectée par le statut des
chercheurs individuels, la classe de chercheurorsegtant déterminante de cette
production. Cependant, la qualité de la recheramensfique des laboratoires et des

individus n’est pas nécessairement expliquée pardéaomposition de ces ressources.

En termes d’influence des différents types de foeament, les résultats montrent qu’au
niveau des laboratoires, tant la production comanqualité scientifique peuvent étre
expliquées par la disponibilité des sources denfiement publiques, régionales ou

prives.

Chapitre 4 : Complémentarité entre différents éléme nts des ressources

humaines et financiéres dans la recherche publique

A partir de la décomposition des ressources huraahénanciéres des laboratoires de
recherche et I'analyse de leur impact sur la prodnscientifique, on s’apercoit que ces
catégories de chercheurs peuvent étre complementain sein des laboratoires de
recherche. Ces complémentarités peuvent donc dddinerformance de production

scientifique des laboratoires et organismes puldé&secherche. Nous tentons ainsi de
définir la complémentarité entre différents types ahercheurs en tant que facteur

déterminant de cette production.

Afin de mener nos analyses sur les relations dept@mentarité entre les différents types
de personnel scientifique, et entre les différagfses de ressources de capital des
laboratoires, nous adaptons la notion de la supdutagté d’'une fonction a valeurs

réelles a notre champ d’étude afin d’établir lemsi de complémentarité existants entre
différents éléments de la décomposition des resesuhumaines et des modes de
financement. Cette méthode d’analyse est peu cteudams la littérature actuelle, mais
peut s'avérer trés utile lors des analyses de ltnsomplémentarité entre différents

arguments d’'une fonction. Ainsi, une analyse emgp#isur la supermodularité d’'une
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fonction peut étre effectuée selon une méthodeédeession paramétrique (Athey et
Stern, 1996) dans laquelle on établit 'impact éésts complémentaires et des états
intermédiaires des arguments sur les variablesndiémees, ou bien selon une méthode
non parameétrique (Beresteanu, 2005) dans laquellenesure la distance entre des
estimateurs non paramétriques des variables dépesdabtenus sous les différents états

complémentaires et intermédiaires des arguments.

Les résultats des analyses contenues dans cerelrapits montrent que les collaborations
entre chercheurs de différent statut constituerg déterminants de la production
scientifique des laboratoires comme des individasdis qu’elles ne révelent pas des
effets sur la qualité de celle-ci. Nous trouvonssiades liens de complémentarité entre
chercheurs de type senior et de type junior, cordeliens de complémentarité entre

chercheurs seniors et assistants.

Ces liens de complémentarité sont obtenus graes arthlyses de type supermodulaire,
qui évaluent la condition de différences accruekdenction de production scientifique
dans un couple d’arguments explicatifs, en l'ocence, les paires de statuts des

chercheurs basés sur la décomposition de ces ressou
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General Introduction

General Introduction

The understanding of organization and productiordesoof scientific knowledge by

economists remains limited despite recent developene the economics of science
(Dasgupta and David, 1994, Nelson, 2004, Steph@@8)2 However, research and
innovation have become major issues for the coriypstiess of European economies and
their growth (Meyer-Krahmer, 1989).

The literature base mostly focuses on the studynofersities taking into account the
individual researcher as the unit of analysis, uhly a few studies focus in public
research organizations and the collective researtput resulting from the collaboration
between different researchers, whose characterestecheterogeneous. This thesis draws
the public’s attention not only towards the role tbé individual researcher in the
scientific production process but also towardsrtie of research laboratories and their
composition in terms of human resources and typésnaing. The case of the French
academic research system, in which we find a mstedture between the academic and
institutional laboratories, also allows us to digtiish the role of public research
organizations such as CNR®r INSERM in the organization and production of
collective knowledge. These organizations, whiah @evoted to basic or fundamental

research, provide an undeniable contribution tsenuc growth (Stephan, 1996).

More specifically, the objective of this work is kaghlight the characteristics of the

scientific production and quality processes. Ituses on issues related to the
characteristics of scientific production and qyatiamely the determinants of human and
financial resources of these phenomena on the and and the existing relationships
between different elements resulting from the dgmumsiiion of these two types of

resources on the other hand. The interest of stgdiiese questions is to provide insights
in terms of institutional management of researaimtgand financial resources to promote
the production of knowledge and property baseduugsued from the public research

system.

! Centre National pour la Recherche Scientifique
2 Institut National de la Santé de de la Rechercidibéle



General Introduction

In summary, this work focuses on issues relategtdaon and fund composition within
research laboratories as determinants of scienpifmduction and quality, on the
collaboration between different types of researsteerd complementary relationships

between different types of funding for public resbka

The present thesis is composed of four main chapberthe first chapter | provide a
survey of the literature by recalling some relevantks on the economics of science.
The survey is structured by seven different bodfeoncepts that help contextualize and
set the grounds of my studies on the scientificdpotion and quality. The themes
building the literature base provide information smientific production as a collective
process; they focus on hierarchic and reputatimsales within organisations as well as
the incentives and funding structures in publicamigations. Particular interest in is
shown on the existence of complementary links betwesearchers of different status
and between different sources of funding and tegects on the output and quality of

scientific research laboratories and individuaeeeshers.

| begin by distinguishing the fact that the diastibn of the scientific production is
positively skewed, in fact, most scientific pubtioas are produced by highly
experienced researchers or seniors whereas raodigssshow that significant amounts
of scientific output comes from collaborations begéw researchers. Thus, the objective
of my research is placed under the frame of aneractive and collective production

process.

This framework is defined by several themes revikwe this literature such as the
different research environments, the role of tleedrchical structure within the research
groups and the social organization of researchréboes on the one hand and the
behaviour of agencies funding research or fundinggire laboratories and its effect on

scientific production on the other.

The second chapter of the present thesis delivghdytdetailed information on the data
| used to study the complementary relationships/éen determinants playing a role on
the scientific production and its associated gualivorked with information provided

by a database on public research laboratoriesmwiitte University Louis Pasteur, a large

and well ranked French university known for theedbence of its research.

Within the frame of the present work, | used infation related to the composition and
production the university research laboratoriesmduthe period from 1996 to 2008. In
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addition, | undertook the task of expanding thesiéxg database at the level of research
output variables since the original base only ptediinformation up to 2005. For this
purpose, | retrieved the missing information u2@ilLO in order to exploit the information
corresponding to the four-year ministry-universtigntract of 2008. | also retrieved
missing information regarding the impact factors jofirnals in which researchers
affiliated with the University published during theriod 1996 - 2010. Finally, | used in-
house information on funding laboratories during pieriod 2001 - 2008, which enabled

us to perform the analysis on the impact of finah@sources.

The chapter explains the structure of the data, ihanoriginally broken down into four
main sets of information: laboratories, personpehlications and funding and broadens
the picture by providing details on the operatigesformed on it to obtain merged
datasets linking individual publications to perseinand laboratories allowing to study

not only the individual, but more important, thbdaatory as unit of analysis.

Chapter 3 builds on the work of Carayol and Ma@0@ by studying the determinants
of scientific production. They provide further ight on the collective scientific
production by focusing on the effects of laboratooynposition and funding structure on
the output and its quality of researchers not antyre individual level but also and more
important the research laboratory as a whole. # &inalysis is carried out to assess the
impact of human and financial resources on theymtion and quality of public research
in the university laboratories. A second analys®ves a decomposition of these two
types of resources according to the rank of rebeasavithin the French academic system
and to the type or funding source of funding. THecomposition allows a better
understanding of the collective scientific prodantwithin public research laboratories

funded by public or private capital.

Collective scientific production of research laliorges is measured by the total number
of contributions to scientific articles and by ttetal number of fractional publications

produced by all affiliated researchers while qyatit the scientific output is measured

by the average and the median impact factor gbtlmmals in which affiliated researchers

publish.

Results from the analyses carried out in this araghow that the scientific production
in research laboratories is indeed affected by@m@osition of human resources: not
only is the class of senior researchers criticathad production but also, and most
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important, is the class of assistant researchéiis.i3 the main result of my work, which
comforts the idea that science is not only collabee but is stimulated by collaboration
between researchers of different levels of expeeer©On the other hand results at
individual level show that scientific production asfected by the status of individual
researchers, with senior researchers producing laofumes of output although not
necessarily of the always-outstanding quality, ikagfoung researchers are associated
with increased levels of scientific quality. Inrtes of the influence of different types of
funding sources, the results show that at the &boy level, the structure of the available
funding does have an impact on the both the sieptioduction and its quality, with a
remarkable finding showing that while public funglistimulates the production of large
volumes of scientific publications, it is the prigdunding that stimulates the production

of high-quality publications.

Finally, chapter 4 is based on the study of paewismplementary relationships between
determinants of scientific output and quality. Rbrs purpose it provides a novel

application to take account of such relationshigiseld on the theory of supermodularity.
Having showed in chapter 3 that the decompositidruman and financial resources for
research laboratories has impact on scientificyectdn and quality | proceeded to study
the existence of complementary links between tferént arguments. The existence of
such links may thus define the performance of sifietaboratories and public research
organizations and with this idea in mind | adagtexinotion of supermodularity of a real-

valued function (scientific output and quality) Wwithe objective of revealing the

existence of complementarity links between differglements of the decomposition of

human resources and funding sources.

The use of the supermodular theory and its appdicdad study the scientific output and
quality is uncommon in the current literature bah de useful if the objective of the
analysis is to reveal complementary links betwa#arént determinants of the function.
Thus, an empirical analysis of the supermodularadttaristics of the scientific output
and quality was performed using two different apgtes, the first one a parametric
regression method (Athey and Stern, 1996) in wHichkstablished the impact of
complementary and intermediate states of spedidiiis f arguments explaining the this
output and its quality; and a second approach, repasametric method (Beresteanu,
2005) in which the distance between the differestineators of the complementary and

intermediate states of specific pairs of argumeniseasured.
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The results of the different analyses carried i3 thapter show that the scientific
production does present complementary relationsbipreen researchers from different
classes. For instance, | find there are compleméeta between senior and junior
researchers as well as between senior researctieassistants. This result is of particular
interest since it points out the existence of ecads of complementary relationships
across researchers of different levels of expeeiewbich is evidence of the existence of
research delegation within public research orgéniss.
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1 Introduction

Scientific production as a process is characterlage@d skewed distribution of output
among researchers, with principal investigatorsdpetng important amounts of
scientific publications and less experienced reseas producing lower amounts of
publications. However, given that it may be handdimgle individuals to master all the
knowledge and information required to produce ratevscientific output, one may
wonder whether a complementary link between priddipvestigators and other types of
scientific personnel, such as fellow investigatoessistants, PhD students, and
administrative personnel exists and may be accobleteor the asymmetries in the

distribution of scientific production.

Lotka (1926) showed evidence on this phenomenomiieeperformed a study on the
publication counts of scientists in the fields bfypics and chemistry observing that the
distribution of scientific publications is positiyeskewed with the number of scientists
signing n contributions equal t'r? of those signing only one publication; his main
results revealed that 60% of the scientific redeans only account for one publication.
This phenomenon is known as the Lotka law on sdiendistribution that shows

evidence on the irregularities the scientific prcton.

Moreover, Bradford (1934) studied the citationpéer reviewed journals, and concluded
there were “exponentially diminishing returns tdesmding a search of information in
scientific journals” in order to find relevant setdic contributions to a specific topic
confirming the existence irregularities in the stic productivity distribution, where

only a few scientists produce high quantities aftabutions.

His results showed that as a search on a scietdgic involved additional journals, the
probability of finding relevant publications becosrsmaller. The combination of Lotka’s
law and Bradford’s results provide some insighttiom fact that as a special scientific
topic is investigated by researchers, only a fewhem will produce important amounts
of relevant publications and it will always becoteader to find new researchers with

such high publication counts relevant to that topic
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Today it is commonly acknowledged that the skewsdsln& scientific production is
attributed to differences of scientific fields, agé scientists, cohorts and other
characteristics of the scientific personnel, whiaises our interests on important issues

such as the interactions driving it.

In the present work | study the process of scienpifoduction and the skewedness of its
distribution, which combined with the notion of lgmltive scientific efforts among
researchers, allows me to believe that there eédationship between different sectors of
the distribution of scientific production has afeef on the scientific output. In fact, those
star scientists located at the tail of the curvnweveral contributions must rely on their
assistants, post doctors, and PhD students tm &ttah high numbers of contributions,
therefore, a relationship of complementarities leefmvthese categories of scientists must
account for a “research delegation” or a “collegtigcientific effort” in scientific

production.

| study the notion of complementarities betweem@pal investigators and other
members of their research group. Throughout an meapianalysis of the scientific
production of research laboratories and individeskarchers using data from a set of
public research laboratories affiliated to the lémsity Louis Pasteur (today a branch of
the University of Strasbourg). | pursue the objextof revealing the effects of the
research laboratory composition in terms of humad @nancial resources on the

scientific output.

Based on the theory of supermodularity (Topkis,8)9Bpropose an alternative approach
to verify the existence of such complementary re@fsthips among different types of
scientific personnel. The results provide evidethes supports the existence of such links
among different types of scientific personnel; thieighlight senior, postdoctoral
researchers, and administrative personnel as det@nto the scientific production
process, and verify that the estimated scientifoxlpction is supermodular, implying the
existence of complementarities among different ézsipf researchers.

The present analysis is important because it Helpsderstand that science is produced
through collective efforts. Indeed, research latmias in our setting may be comparable
to Alchian and Demsetz’'s (1972) efficient firmswhich the products of joint input

efforts are higher than the product of separate,omed where it is possible to measure

the marginal contribution of each input. Studyimmmplementarities between different

10
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types of researchers may help us develop our cdrapston of a scientific production
process generated by teams (research laborat@moasithoring researchers) whose
performance depends on the interactions betweendhaduals in the group.

2 Scientific production as a collective process

It is of general acceptance that the scientifieaeshers are rewarded in the form of peer
recognition according to the magnitude and impaanf their research works. Studies
have developed the idea that recognition is a rement for appropriate professional
development of scientists, and that highly prodéctcientists in major universities
receive recognition more often than equally proahectscientists in less visible

universities.

Merton, 1968, conceptualized the process of aliogatewards to scientists for their
contribution and analysed how those rewards affetire flows of ideas in their
respective scientific field. He studied reward stiwes and communication systems in
science and found out that a principle of cumukatadvantages in social sciences
concentrates the allocation of resources and rewardund centres of scientific
excellence. This cumulative advantage is repredebyea St. Matthew effect in the

distribution of scientific talent.

These commonly accepted ideas serve as supporthérnotion that principal

investigators who sign several scientific publicai and receive important citation
counts hold the scientific production process agirtehoulders. This issue is the main
research problem addressed in the present thdssewassume the scientific production
process does not only rely on star scientists, ratiter on complex and entangled
relationships among researchers of different statusase my assumption on the
characteristics of the scientific production, intmalar its skewedness and its collective

nature.

Studies have confirmed that the distribution okstific and innovative production is

positively skewed. As an example, results obtamed research conducted by Arora and
David (1996) on the determinants of scientific protivity suggest that aggregate
publication output of a research unit may vary with distribution of research grants;

additional results suggest that this distributierskewed to the right since the elasticity

11
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of quality-adjusted publications with respect te budget for a large number of research
groups has a value of around 0.6 whereas for sncheidual researchers, this elasticity

approaches the unity. In addition, for a very smalhber of researchers this elasticity is
greater than 1, which implies that the past perforoe of these individual researchers
influences their own future performance and givieat these individuals are usually

group leaders, their superior performance incretiseprobability of success for their

research proposals.

Breschi and Lissoni (2007) stated in their studyttos trade-off between patenting and
publishing that measuring productivity by meanswiulated publication records may
be misleading due to the fact that distribution psbfessors over the number of
publications is skewed to the right. Given thagstfic productivity follows a non normal
distribution, they investigate the differences bedw academic inventors and other
researchers through yearly publication data, argiane it by weighting the citations in

the publications.

Further evidence shows that output distributionrsssscientists are highly skewed; this
feature can be associated to a cumulative advaptagess raised in the works of Allison
and Stewart (1974) who assume that the distribugfoscientific productivity becomes

increasingly unequal, as a cohort of scientistsvgrolder. Their analysis focuses on the
assessment of whether or not the distribution besoimcreasingly dispersed as time

passes by.

Through simulated time series data stratified atiogrto career and age, such that each
strata represents a cohort of scientists acrogs tMlison and Stewart (1974) studied the
life differences and measured scientific produtyivm terms of publication counts on 5-
year periods and citations on the whole publishegut. These results suggest there is a
general increase in citation inequality as scienggow older; the fit between scientist’s

resources and productivity improves over time.

Furthermore, tools have been developed for theqearpf evaluating the asymmetry and
skewedness of the scientific production. As exampheH-index (Hirsch, 2005) ranks
the publications of an author in decreasing ordén vespect to the number of citations
a particular publication has received, then it poss the author in the rarkkfor which

all publications in the rankkto h have at leadt citations. In recent years the index has
gained popularity, although Egghe (2007, 2009) fsoout a shortfall in the fact that it

12
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only values the firsh citations of the publications; he formulates ateegion to thén
index, theG-index, which represents the highest rgrfor which the articles in th& to

g ranks have at leagtat the power of two citations.

But scientific research is not only a skewed astridhuted process but also an interactive
and collective one if it is assumed that innovatpaocesses are based on distributed
collective efforts. Based on this assumption | gtthee performance of scientific groups
not within the scope of technological innovationt vather the scope of scientific
production one through the assessment of complemees between different categories
of researchers who perform an integrated and d¢oleeevork. This study may help
understand how science is produced collectivelyhet/& may be hard to disentangle
isolated performances within a scientific productwocess due to the increasing degree

of interactions among actors.

Technological paradigms are said the result of ractgons between scientific
advancement, economic factors, institutional vadesland unsolved problems for the
established paradigms. Dosi (1982) performed anlysisa of continuous and
discontinuous changes in technological innovatibat tare respectively related to
progress along a technological trajectory and thergence of new paradigms. Among
different results of his research | may highlighattfor current technological paradigms
the interactions between researchers and invecanrbe represented as an embedded set
of relationships and links for which any group peniance can hardly be studied in an

isolated manner.

| rely on the literature on innovation economicsl aecall that an innovation process is
the result of interactions between firms and org@inons that are mutually influenced by

pre-existing relations in a coordinated networkagfents. Recently, there has been
growing interest in joint production processesugaficed by an increasing collaboration
and the spur of firm alliances. These interactiafisct the nature of productive and

innovative activities, and generate a loop of kremlgle creation that affects the same
distributed process at the origin. As a consequéanopevation acts as both an input and
an output with a process of distributed productimd innovative activities among several

actors.

Coombs and Harvey (2003) studied the fact thatvahon processes are often issued
form coordinated network relationships between diramd organizations. The authors

13
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introduced the concept of instituted economic psees, composed of distributed
innovation initiatives that can be instituted amdde-instituted in space and time, and
proposed an analysis to assess how productiversnadative distributed relationships

between firms are formed, stabilized and disrupted.

However, due to their priority of understanding tekations between organizations, the
authors focused on distributed innovation procesgesfirms rather than intra firms and
other organizations, which represents as wellgelahare of the innovation process.

They performed their study based on key issues dhmatobserved in the process of
innovation driven by relationships between orgatiores. These issues deal with the
notions of mode (how different organizations createl coordinate resources and
competition), dynamics (changes in the mode), arades(to which extent the agent’s

inter-relationships are transformed following thiensilus to innovate).

Publication counts are the base of the analysisadéntific research required to
understand and evaluate the determinants of sltergroduction of individual
researchers; studies within this frame are a mattgrowing interest among economists
and policy makers, who usually assess or evaltatedientific production process based
on the achievements of those few scientists whalym® considerable amounts of
publications. In other words, those star scientigie are located at the right tail of the
scientific productivity curve are regarded as bemge important than less experienced
ones. However, given the nature of scientific patitun, this process should rather be

evaluated based on the collective efforts of défifiscientists.

Since production and collaboration are stronglyatesl, the question of whether the
scientific production process is well understoodha context of a complex and ever
growing accumulation of knowledge is raised. Are ttonnections and collaborations
within the process of scientific production thedageded for understanding it better? If
it is the case, then we need to better understencitcumstances under which researchers
collaborate with each other in order to complentaetr work and produce collective

science.

Several institutions have devoted resources to tboaltaboration given the general
perception according to which productivity and pobjsuccess rates are higher when
scientists engage in collaborative efforts. Lissand Mairesse (2010), investigate the
relationship between scientific collaboration amoquictivity; they classify the scientists

14
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according to the characteristics of their collatioraand assess changes in scientific
productivity when scientists collaborate. Their diegee results show that a substantial
change in the regime of collaboration between s$isisnhas taken place around the
1990’s, translating into the rapid increase of élverage number of coauthors signing

scientific publications.

It is widely assumed that collaboration is good g&rseveral policy programmes have
been recently developed with the aim of creatingvaeks of excellence and boosting

industry university links. These programmes arepsdged by the general idea that

research collaboration is perfectly understoodaleh in the same manner for any kind
of individuals and institutions and can be propengasured and controlled to increase
knowledge creation.

Katz and Martin (1997) define, characterize, andssfy research collaboration

according to three different dimensions:

e The individual;
e The institution;

* The international setting.

They obtained their results by studying and defjmigsearch collaborations according to
motivations, actors, costs and benefits. Resuwits fiheir analysis suggests that research
collaboration is hard to define, mainly becausesnition obeys to social relationships
among scientists, leading to difficulties in theentification of the frontier between

collaboration and informational links, which is afly blurred.

In addition, the authors state that measuring bohation merely through coauthor
indicators can be misleading since there are asbkere close collaboration does not end
in a publication andice versawhere weak interactions between scientists reésuhe

of them). They also highlight that due to conceppuablems, a differentiation between

inter-individual and inter-institutional collaborai is advisable.

In summary, the discussion about research colléibaraconnects the notions of
skewedness of the scientific productivity of indiwal scientists with the fact that
scientific production is an interactive and/or digited process where many agents are
required to collaborate. These two notions supfuotther research on the distribution of
scientific production within research groups areléffects of complementarities between

several researchers on the scientific producticm relsearch laboratory.
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3 Conceptualizing collective science

The process of scientific production can be exgldiny several concepts describing the
effects of socioeconomic relations and interact@am®ng agents working on a base and
a body of knowledge that allows the movement of $leeentific, innovative, and

technological frontiers.

Among these concepts are found the national inmmvalystems developed by Lundvall
(1992), where the elements and relationships ictiaigh within in the production,

diffusion and use of new and economically usefubvwdedge, are rooted inside the
borders of a nation or state. Moreover, a secomteqm is the Mode2 developed by
Gibbons (1994) who puts an emphasis on the apjiliyabf scientific research and

stresses the importance of interaction betweeniamsdiplinary groups of researchers in
the scientific production process. In addition, tbacept of the triple helix developed by
Etzkowitz and Leydesdorff (2001) represents thrgands of a helix (academic,
industrial, governmental) which relate to each otra develops a reflexive overlay of
communications, networks, and organizations; aseguence of these imbrications,

societal development no longer requires centrghatient by a central government.

Finally, an additional concept that attempts tolaixpthese social interactions is the
creative knowledge environments. Under this concépts the context and the
surroundings stimulating the interaction amonguidiials what generates changes in the
institutional barriers on scientific production hrat than a differentiation among
governmental, academic, and industrial axis, Hef@008). This is due to the fact that
interactions among individuals engaged in the petdn of knowledge and innovations
within an organisation are increasing in complexjtyen the cumulative knowledge

needed to produce modern science.

Following the line of the environmental contextvimich research is produced, it is
important to notice the existence of group, size @partmental effects on the scientific
productivity. These effects suggest that scienpfieductivity increases with the size of
the research team up to a certain threshold obAni@mbers, after which the effect turns

over and becomes negative, Andrews (1979).
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According to Andrews (1979) research groups mustdweloped within an environment
where clear objectives are established in a coatélch manner. This requires the
construction of a genuine research culture witlositive group environment, ensuring
the active participation of members of the grouphimi a flat and decentralized
organizational structure. In order to develop tiesearch culture, several characteristics
such as structured communications, diversity, nabitiv, skills and reputation are
needed.

On the other hand, according to Unsworth and Paf&@03) the factors influencing
research and innovation creativity within a coleeenvironment depend on the task and
work design defining the optimality of the groupusture. The social characteristics of
the research group, such as collegial communicateam working, and leadership, as
well as the organizational characteristics refgrrio the culture, human resource
practices, and organizational design play an ingpdntole in the production of creative

complex science.

Within an institutional environment, research ofigahons shape the capabilities of
research groups throughout a relationship betweeduptivity, and reward structures.
Research organizations ensure the production oemaahd complex science thanks to
different factors such as the leadership and augnof researchers and the access to

appropriate facilities, resources and complemerdasgts.

Heinze and Shapira (2009) studied the factorsittilaence the production of research
teams by observing the characteristics and pattefriisghly creative laboratories in

Europe and the USA in the fields of nanotechnolagg human genetics. They carried
out a survey among 400 European and American exjethe fields of human genetics
and nanotechnology with the objective of studyind providing and insight on whether
or not there is a predominant contextual pattemcfeative events in the scientific

research.
Five categories of researchers were studied:

* highly cited scientists;
» academically active scientists;
* industry active scientists;

e journal editors;

and research programme managers.
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Creative activities were categorized in:

» the formulation of new ideas;

» the discovery of natural phenomena;

» the development of methodologies;

* the invention and development of instruments antsfo

* and the synthesis of former dispersed ideas.

Contextual factors were evaluated at differentetaig the active life of a researcher
emphasising on the strategic choices he/she ma ralmkg a scientific career. The
creative events in the study were selected up@ranmeter basis regarding their research
field, organization, geographic location, docum&ataof the creative event (validated
historically and technically), documentation of greparatory phase (prior to the creative
event) and factors related to the research teastit(iional and organizational) that

performed them.

The headline results of this study show that attéfaen (research groups around those
nominated scientists in the survey), the parametetrsrmining scientific creativity are
the size of the group, its composition, its comroation patterns, the quality of
leadership, and access to external resourceseAirtfanizational level the results showed
that the determinants of scientific creativity atee organizational structure, size,
centralisation of decision-making, clarity of resd#magoals, funding structure, reputation
and visibility of the group.

Moreover, human and financial resources, recruitrpeastesses and leadership also have
positive effects on the overall performance of aesle laboratories. In fact, importance
is attached to the recruitment of talented scienggsen their impact on the leadership
and the trajectory of the laboratory.

In addition, it is worth noticing from this studyat small group sizes allow the principal
investigator to be active and efficient enoughtimglate members of the team; though
on the other hand, larger groups are unable tashléhe whole creative potential of its
members because principal investigators spend timeeson bureaucracy.

Small groups usually present a flat decision makingcture with no hierarchy, therefore
stimulating the dynamics of the group. However atimg effects from group size are due

to the related increasing hierarchy, bureaucracg, tae reduced leadership. In fact as
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funding and opportunities appear after major cveativents take place negatives impact

on the creative process are revealed.

The literature on scientific production has oftatused on the analysis of faculty
members with the purpose of studying the individlegterminants that explain individual
productivity in research laboratories. Scholarsehtocused their interest on studying
how those determinants can explain collective sdieproductivity in terms of intensity
and quality.

Intensity and quality of research activities of izegnd close colleagues are beneficial for
individual research; not only output and qualitycolleagues' research would have a
positive impact on individual productivity, but widualso reinforce the quality of these

same colleagues’ future research in a virtuousecycl

Under the assumption that virtuous cycles in reteaollaboration exist, to what extent
would the performance of a research group be &fdieloy its own characteristics such as
the presence of foreign researchers, the accesdtic and private funding, the channels
used to interact, the size of the group, average @gdiscipline field.

Answer to these questions are found in Carayol\ait (2006) who show that full time
researchers increase the intensity of their warg(iency of publication) when they are
promoted towards a higher rank or status, perhapstd a greater access to human
resources. On the other hand, they are more prieductsmall labs, perhaps due to lower
coordination costs, quicker decision making proegsand less bureaucracy. Their
results also point out that the publication intgnef colleagues has a positive impact on
the overall group, further results also show tleeepositive effects from the presence of
foreign researchers and public contractual fundirthe laboratory.

4 The role of hierarchic structures in research organizations

Shallow or deep organizational forms exist withe@search institutions. These forms
depend on whether researchers work directly undat the same level of the principal
investigator. This assertion, questions whether dpgmal organization structure is
defined by how well investigators can adapt andcuadte their abilities towards a

common objective.
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The success of research institutions does notdepgnd on human resources but also on
organizational factors. According to Lons and Ma@#1(1981, as cited in Leilich, 2005),
reseaerch research institutes present pyramidanational structures where the
principal investigator or director is found at themmit, advanced young researchers at

an intermediate trier, and young researchers (Patie bottom.

The question that rises is whether such an orghoizanay be optimal or not, and
whether there are any cases where a flat orgamizetidesired given that different types
of organizational structures can be identified aad be judged to be better or worse
based on their characteristics regarding the teahand organizational knowledge they
embed. According to Mayntz (1985, as cited in lohili 2005), there is no optimal

organizational form for research institutes.

An nterest of the literature on research managehenbeen the parameters affecting the
structure and research performance of researchmisegeons (Laudel, 1999; Fuchs and
Oehler, 1994; Mayntz, 1985, as cited in LeilichQ2)) while organisational economics
has focused on how such institutions provide ogdtineentives for specific investments
on semi-public goods (results of the public red@avehich are subject to transfer, and

property rights.

Assuming that assets used within the scientifiadpotion process are defined by the
experience, network, reputation and access toleetehl resources; the question that
rises is to what extent will an individual reseamctvork with another specific researcher
and what would be the optimal incentives that waerhdure their collective scientific

production.

Across different fields of research, specific inmesnts may affect the organisational
structure; for instance, in natural sciences, theeecomplementary capabilities between
production factors, multidisciplinary institutesdalittle training. These characteristics
imply there is a high probability that such orgatians present steep hierarchic
structures. On the other hand, in the fields of anitres, there are additive capabilities,
projects likely to be mono-disciplinary and highiting with young researchers often
leaving after the completion of their doctoral prangs, which implies there is a high

probability that these organizations present shaligerarchic structures.
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A study conducted to bring light to these questiwas performed by Leilich (2005) and
carried out a database of Max Planck researchutesi Within this study, the dependent

variable pointed out whether laboratories wereetttip steep of shallow hierarchies.

The analysis grouped the institutes according éo field of research in two categories:
(natural sciences and humanities) while the charatic of multidisciplinary was sorted

out according to descriptions of the institutesifiing was determined by two variables:
the existence of a research school involved withitistitution and the percentage of
young researchers compared to the total employfetbe anstitute. The results from the

study showed that the organizational structurdefresearch institutes is influenced by:

* the size in terms of employees, with large headioumplying a steep
hierarchy;

» their segmentation into departments, avoiding #éedrfor an intermediate
tier and imply a shallow hierarchy;

» and the existence of third-party project fundingjceh also implies shallow

hierarchies.

Furthermore, the analysis finds that the probabdfthaving a steep hierarchy in natural
sciences is above average according to the dasergttistics; In fact, the probability
of observing a steep hierarchy structure withinaaganization increases when the
institutes conduct research in the natural sciemgdslarge numbers of trainees. The
need for coordination is therefore translated stép hierarchy structures or externalised

towards partner or third triers.

As an overall conclusion of this analysis theraasoptimal organizational structure for
research institutes, but one can identify struttiygzes that provide an optimal solution

according to the environment surrounding them.

Harper (1992) performs an examination of the sooanization throughout an
investigation of the nature of the working enviremh in research laboratories in
continental Europe, England and the USA. He dessrthe working environment and
the social process that takes place allowing thatioes between individuals. His
description is based on the values and moral oraé@wing the individual to behave

correctly within the organisation in order to teltas socially.

His main results show that common characterisfigear in the hierarchical structure of

these laboratories; he observed that some researtbm a specific groups within the
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laboratories have rights and privileges of mob#ityd autonomy. These privileges reflect
shallow hierarchies resistant to change perhapsapersonal esteem and reputation,
hence differentiating research laboratories froheotwork places.

5 Organizational reputation

According to Fombrun (1996) “reputation is seeragserceptual representation of the
organization's overall appeal compared to othedilgaorganizations”. In general, a
firm's reputation is influenced by several factsteh as financial performance, size,
exposure to media, advertising expenditures and btfpindustry (Cable and Graham,
2000; Fombrun, 1996). It becomes clear that pasiteputation is highly valuable since

it sends an informational signal that appeals ¢ilyiskilled human resources.

The social identity theory tells us that individaaself-concepts are influenced by the
attributes that others may infer about them bagetheir organizational membership.
These attributes allow individuals to be classifiei social categories based on group
membership. Moreover, the signalling theory telstiiat individuals have incomplete
information about an organization, and thereforeeythinterpret organizational
characteristics, such as reputation, as signalstabe organization's working conditions;
according to Turban and Cable (2003) it is impdrtanunderstand how reputation
influences decision making given that a positiyutation is a rare, valuable, inimitable,
and non-substitutable resource (Barney, 1991)pdtatides a competitive advantage in

terms of attracting talents.

Cravens and Oliver (2003) created of a reputatimdex that captures some of the
organizational components of a firm. They argud twporate financial statements
provide focused data on tangible assets, whichreasliability but fail to provide
information on important intangible assets suck@porate strategy, financial strength
and viability, organizational culture, ethics antegrity, governance structures, alliances
and innovation; these assets may be significanketaalue drivers for firms and among
these, the most important assets are perhapsatrdseputation.

Their composite index relies on different meastinas allow a representation of the firm
in terms of the products, employees, externalimahips, innovation and value creation,

financial strength, and organizational culture.sTtepresentation is in accord with the
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beliefs key groups such as customers, supplierploy®es and partners have about the

firm. As a consequence, the index is suggested@d & assess as reputation audit.

Within the literature of human resource managentieate has been interest on how
individuals develop intentions to join specificrfis. According to Turban and Cable
(2003) a firm's reputation and attractiveness mt®vcompetitive advantages in the
acquisition of talented human resources. The astbarried out a study that addresses
the question of whether the reputation of a givgranization depends on the number and
quality of applicants who are actually seeking poss. Their main results show that
attracting top quality collaborators through conitpet recruitment processes is
important to any organization given that the attoscof talents increases the utility of
the selection process and generates a competitix@ntage relative to other

organizations.

A firm's reputation is therefore defined as its lpubvaluation relatively to other firms;
this public evaluation of the organisation influea¢he success in attracting high quality
applicants who decide to pursue a job within thgaorsation based on the overall
perception of its reputation. This process revadsoped mechanism of organisational
reputation that influences the intention to apply & job, which in turn boosts the

reputation capital once more.

Two independent studies in different locations afpus job fairs were carried out to
measure the firms’ reputation in the one hand dedcharacteristics of the pool of
applicant on the other. Controls focused on ingustictors, interviewing dates, and the
number of positions available in the firms to téisé following two assumptions

concerning the close relationship between firm-tafpon and the quality of applicants

who are interviewed.

» Organizational reputation influences the qualit@gpplicants.
» Organizational reputation is positively relatedttie number of applicants
seeking to be part of the organization.

Headline results indicate that firm reputation @& anly correlated with the size of its

pool of applicants, but also with the applicantsual job pursuit behaviour.

According to Rynes (1989) applicants are more Vikelpursue job alternatives when the
job is perceived positively (high valence) and whée job is seen as attainable

(expectancy). Therefore, only highly skilled apatits whose expectations on integrating
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the organization are important will actually spetmie and effort on pursuing the
application process in the top rated organizatiang, so forth. These asymmetries raise
the question of whether the reputation rate ofottganization is positively related to the
quality of the applicants looking forward to intatg it given that organizations with large
pools of applicants can be more selective and therdhe results is the attraction of

talented applicant pools.

6 Laboratory funding and its influence on scientific research

Crow and Bozeman (1987) developed a conceptuallaggofor R&D laboratory

classification, and the evaluation of its implicais. They highlighted the stereotypes
concerning the environmental setting of the lalmgain terms of governmental influence
resulting from government funding and they stressgahrticular the assumptions about

differences between public and private laboratories

They realized that a classification of R&D orgami@as according to a triple helix
conceptualization of industrial, governmental anthdemic axes followed by an
assumption that their behavioural characteristiesbased on their field of research is a
limited approach to back science policy implicatioRor instance, the current connective
nature of research and the evolution of laborasani linked entities render the analysis
more complex given that several changes in theniwgonal forms and environments
have taken place and it is highly unlikely thatdediories have been immune to such new

shapes of institutional structure.

As a consequence of their argument, they proposeshaironmental context presented
according to two dimensions: conceptualization ataksification. In the first one,

laboratories are classified according to ownerspiflic openness, and R&D market-
orientation; in the second one, the laboratoriescissified according to the conceptual
framework. Their results show there are significaehavioural differences among

laboratories in different categories.

Arora and David (1994) focused on the estimatiatmefproduction function for scientific
research and proposed a structural model for swuree allocation process based on the

performance of publicly funded research units. Thsp estimated the effects of past
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performance on publication rates to assess how diudtjocation influences the

reputation of principal investigators and theiuhgt levels of public funding.

They stated that even if economists have focusen #ttention on the links between
scientific research and technological progressle liattention has been paid to the
determinants of productivity in scientific researtiow shifts in inputs and marginal
research expenditures across research groups iffeghedt characteristics changes the

overall scientific output.

Their analysis addresses the determinants of #atergroductivity through the
development of a structural model that represdmsptocess by which research units
receive funding, the model then estimates the spareding production function of the
scientific output, and is implemented on a dataisgied form an lItalian program in
biotechnology and bioinstrumentation of the CGN\iRat took place between 1989 and
1993.

Their results show that the elasticity of qualitjtested publications with respect to the
budget for a large number of research groups israt®.6 whereas for some individual
researchers, this elasticity approaches the umityl for a very small number of
researchers this elasticity is greater than 1,ymglthat the aggregate publication output
of the research unit may vary with the distribut@firesearch grants, and is skewed to
the right.

During the last couple of decades public reseaashshffered from cuts in public funding,
changes in rationales and an evolving regulatosyrenment. However, during recent
years, public research has also been “rescued’gogweing share of private funding and
resources given that a large part of grants arah@iial resources comes from the private
sector in the form of competitive grants and remmatien from science
commercialisation. The question this observatiasesaconcerns the determinants that

stimulate the attractiveness of public researclpfivate funding.

A study carried by Bouhmadi, Carayol, Llerena (20@8the scientific production based
on the assumption focusing on the laboratory lgrelides relevant insights on the
analysis of the private funding in scientific pration allowed the analysis of three

principal axis:

3 Consiglio Nazionale delle Ricerche (CNR); ItaliNational Research Agency.
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» The scientific production of research laboratomwas evaluated through
publication counts.

* Public funding crowds in simultaneously with priedtinding.

» The characteristics of research laboratories mélyence managers and

vice-versa.

Their results showed that as public funding doesvdrin private funding in research
laboratories, the publication counts of these latwotes have a negative effect on the
access to private funding. For instance, an expaméor this result may be that scientific
publications tend to be too theoretical while prévanvestors seek applied science and
that private contracting incurs in opportunity given that researchers need to invest
effort and time towards applied research. In casioly contractual funding crowds in
simultaneous private funding, with a larger shdrprivate funds in active and applied

laboratories, and a lesser one in large publiskabgratories.

Nowadays, public research funding is allocated ughocompetitive processes, which
stimulate scientific collaboration with the objeetito produce modern and complex
science through organized research centres, nesvabexcellence, and interdisciplinary
teams (Heinze and Shapira, 2009).

Since funds are usually awarded to scientists Mitg records of publications, there must
be a certain capital of reputation before a creagvent can take place. Usually
preliminary results are required in order to gehptementary funds, while the scientist
must cope with funding agencies that operate hmtaddby jumping on the "bandwagon™

once there is enough attention on a field or liheesearch.

Moreover, agencies tend to ask for targets or @apiens on the results, which are nearly
impossible to forecast unless the research isatt rddical in novelty. Such practices
jeopardize the renewal of funds, and increase adtrative burdens due to higher

accountability, hindering flexibility.

Following the initiatives of the Lisbon treaty aitdl ratification in Barcelona two years
later, the EU set the target of raising R&D spegdm3% of the GDP by 2010 with two
thirds of this expenditures being made by the kmssinsector. Within this context,
Czarnitzki and Frier (2003) investigated R&D cobhadtions between firms and public
research institutions focusing on patent applicatib the firm level in order to assess

whether public R&D spending enlarges the welfargaaieties. The analysis required the
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identification of input-output relationships of digty funded R&D activities such as

patent outcome, product and services commerciedizaind cost reducing processes.

In their analysis, they proceeded to distinguigiee¢hgroups of firms: non-collaborating
firms, firms collaborating in publicly funded comiams and firms collaborating with
privately funded R&D institutions. They analysedsample of German firms and

estimated their propensity to patent.

Their findings show that collaborating firms are mndikely to patent than non-
collaborating firms, which implies the existenc&knbwledge flows generating a positive
spill over effect among the partners. Within thisup, firms within publicly funded

consortia had a higher probability to patent cora@do privately funded ones.

7 Incentive structures in public organisations

Bureau and Mougeot (2007) recall there is a linkvieen performance and quality of
incentives within the framework of the public admtration. This link is quite particular
and specific to public organisations given theipartant degree of multiplicity of their
tasks and agents. Weak incentives in the publimseaugmented by the choice of a
relatively secure professional career in termsngpleyment and revenue can be related
to a higher degree of risk aversion. Personal ¢ilvgs of civil servants may differ from
those of the general interest because of such tineestructures in public research

organisations.

Civil servants have very heterogeneous preferentes;most altruists do not need
incentives to excel; they provide the most impdrfzart of their effort for the common
welfare, while some others will only perform if thare incited by career promotions and
monetary rewards. In addition, they evolve withistatutory framework that makes it
difficult to set in place a set of good incentivtise to administrative, juridical, and

informational constraints that slow down the ovigsatformance of public organizations.

All these constraints make it difficult for the myl maker to distinguish the performance
among civil servants; therefore, a focused and d@apysis on the incentive structures
within the public sector is important in the resdaagenda.
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The study of this problem necessarily implies arati@rization of the principal-agent
relations in the public sector where the informa@symmetries have a dominating role;
as an example, problems of moral hazard, anti-sefeand exogenous incertitude make
it difficult to evaluate the performance of muléisk civil servants who may use an
informational advantage with the characteristica oént in order to reduce their efforts

to increase the output and quality of their service

In addition, the informational asymmetry betweer fbrincipal and the agents is
increased if collusion between agents takes plaeetal the hierarchic structures where
employees and supervisors may share this informaltimdvantage. Hence, according to
the authors, the main issue within this framewakta develop effective incentive
structures based on improved evaluations of indalichgent performance, therefore the
public sector, acting as the principal agent, néedscognize the weakness of monetary
incentives and career perspective in public orgdmns. Stock options and dividends
are hardly applicable in the public sector, and #teicture should focus on the
probabilities of career advancement of civil setgdrased on their performance.

This implies an incentive structure in the form fafture career advancements
(Holmstrom, 1982) based on the observable parhefagent's performance, and the
signalling of his future performance by his currefforts, which remains difficult to
evaluate due to the multiplicity of tasks theserag@erform.

It is also important to recognize the role of gragations in the definition of the

incentive structure; in fact, due to complemenigsiin the production of public goods
and services, the individual incentives may leadlreée ride problems. Peer evaluation
and monetary rewards linked to the performancé@fithole group may be the start of

a plausible incentive structure.

Dixit (2002) established a link between generabtles and empirical case studies on the
incentive structures in the public sector relatethe theory. He reviewed different issues
supervisors and workers face when they develop addegsional career in public
organizations given the specific organisationakatiristics such as the multiplicity of
tasks, particular shareholders, and conflictingriests in terms of ends and means across

supervisors and workers.

Public organizations present particular charadiesighat are not suited by traditional
incentive structures such as competition and pexdoce based monetary rewards. In
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fact, such structures would only be useful in tlsecindividual performance could

actually be identified and measured with clarity.

His study was conducted on the education sectoutfir the analysis of an agency in the
administration of job training programs. His resusthow that complex interactions
among agents and the multiplicity of tasks in pulbliganizations should be dealt with

regarding the organization as a whole insteadsgit @f several individuals.

Aghion and Tirole (1994) study property rights mR&D process from an organizational
perspective where neither the nature nor the ptaxtuof the innovation can be agreed
upon ex-ante, and therefore the relationships hetwe research organization and
customers who benefit from the innovation are bantiund the uncertainty of success
and delivery of the innovation. These relationstaps subject to a particular design of
property rights and sharing rules that protectsinkrestments and optimizes the efforts

of each party.

Managing innovation processes is an important ehgt; theories on endogenous
economic growth and intellectual property rightsialyy assume that the innovation
process is ensured by an aggregate agent sucliremeer, an innovator, and a user;
however, the innovation process takes place agsanttens among a multitude of
independent agents with different interests that caaflict at the moment of recognition
of the effort furnished.

The results from the model show that in the casergfie innovations, when the share of
capital inputs required by the research organinatidarger than the share of intellectual
inputs, the R&D process will be ensured by an iratgl structure where the control
belongs to the customer that uses the innovatibereas when the share of intellectual
capital is larger, the R&D process will be ensurgandependent research units implying

competition among different research teams for ifugnd

Scientists produce patents and publications in oesp to monetary and career
advancement incentives, and by producing underntnes they help improve the
performance of technology-transfer-offices. Scientiproduction is therefore an
important element towards commercialization of sce local development, and income
generation. Within this reasoning, Belenzon (208iidies how the performance of

technology-transfer-offices is affected by monetapentives.
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They argue that technology-transfer-offices allectiteir effort into two main tasks:

identifying and selecting inventions with commefgatential, and negotiating deals on
these inventions. This behaviour introduces antradge between license income and
local development given that it is more costly ittkehse in a national or international
market than locally, although it provides highesame. Their results state that efforts to
produce and commercialize science incur in highsg@nd therefore, both, universities
with greater local development objectives and usities that are subject to legal and
structural constraints are less likely to adopemitve structures for scientists due to the

smaller magnitude of the expected returns.

Moreover, government restrictions and local develept objectives hinder the adoption
of those incentive payments that can be importanttfe improvement of technology
transfer performance in both private and publiditngons. Observations show that
stronger local development objectives are costlyeims of forgone income, and that

private ownership has a large positive effect @natioption of incentive structures.

8 Scientific trajectories, the choice to perform science

According to Stern (2004) who carried an empirgtatly on the relationship between the
wage level of research organisations and theil fiélscientific research, one may define
scientists who publish their research agenda asdav preference for science that
represents their possibility of accessing recognifor their scientific discoveries and

commercial applications.

The relationship between scientists and reseagdnarations is therefore driven by the
preference for science on the scientists’ side,thadgreference for productivity on the
organization’s side. Indeed, since knowledge isifaip good, monitoring its production

may be costly and as a consequence the rewardustuepresenting the organisation’s

preference for productivity is based on prioritgega and recognition.

According to the extensive literature of the newremmics of science, the combination
of science and technology may be beneficial toetttent that engaging research on the
solution of practical problems raises the questnaw fundamental inquires, Mansfield,
(1995). For instance, it is suggested that whehnieal solutions precede theoretical

understanding, technology offers an enormous amoiietmpirical evidence awaiting
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scientific explanation. In fact after the opportynof doing industrial development,
scientists who evolve along applied research trajexs find it easier to produce
industrial applications than those on focused o&mental science.

Nevertheless, mingling science and technology neylee potentially dangerous at least
for two reasons. First, because the success afheaéogy depends on the short-term
demand and the pursuit of market goals may proardacentive for the rearrangement
of academic research agendas in favour of short-¢aiploitable trajectories of research.
Second, the rules of market competition may natdyapatible with the social norms of

priority and free circulation of knowledge withimet scientific community (Dasgupta and
David, 1985; Heller and Eisenberg, 1998).

The traditional assumption that basic and appl@dnees are at opposite ends of the
agenda is questionable. Shifting the efforts towan@rely practical ends would loosen
the scientific reward system, and would cause dan@the scientific agenda, goals, and
procedural rules. However, the same involvemenpriactical ends may raise new

guestions for which fundamental research is necgssa

Different cross sectional studies of the scientgroductivity based on scientometric
indicators show that the most productive reseasclaee actually those who patent.
Fabrizio and DiMinin (2005) show a positive cortela between actual and lagged
numbers of publications and patents. Breschi asgdni (2005) show a positive relation
between publications and patents by comparing grafijgcademic inventors and other
researchers. Stephan, 2007, performs an analysiBh@n recipients for which the

publication and the patent counts are positivelgteel.

In addition, other studies on the influence of pateehaviour on productivity indicate
that the event of a patent modifies the naturalflof publications of individual
researchers (Azoulay, 2005, Breschi, 2005, Fahr005).

Further observations show that a development ofdssdiplines is growing, pushing
scientists to choose their fields of interest goecgalization at an early age. This choice
is often irreversible, and shapes the space of rityppiies and costs the scientists faces

when engaging in applied research.

Calderini and Franzoni (2007), performed a studyassess how the qualitative
characteristics of the work done by a scientistugrices his/her patenting behaviour.
Using a sample of Italian researchers in the nmealtedience field throughout a network
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of 1276 scientists they control for individual, tiistional and environmental
characteristics and argue that publications provejeutation, while patents do not
provide such rewards given that they lack visipiliiven that they take place on the

closest date to the invention (priority).

In their study, they explain the patent event by sbientific productivity over a three-
year moving average of past publications and tlsechass of the research composed of
the average rank of journal based on citation padtef the journal.

From the results, the authors state that researetnerat risk of patenting from the very
beginning of their career with a change in probgbdccurring around their 13th year
within in the academy (around 36 to 38 year old)lyimg an inversed u-shaped curve
relating patent events to aging effects.

The hypothesis is that scientists face differegtmes of opportunities and costs when
incurring in applied development depending on tieracteristics and trajectories of their
career. Two major characteristics are studiedddmree of basicness vs. the degree of
appliedness of their research and the importangenddy the scientific community in

terms of potential impact on future research.

In general, the model evaluated individual hazargdtent depending on both quantity
of publications and other institutional characterss going from scientific discovery to
applied development and vice versa. The resultwstidhat every increase in the degree
of applied science increased the probability ofepabg, while for those scientists
increasing their productivity in high impact fundamtal science, the probability of
patenting decreased

In terms of policy-making it is important to undensd that industrial applications rise
from very productive researchers, therefore thegeneed for a critical mass of research
to sustain future generation of industrial applaag. In fact, good applications rise from

high impact science, therefore incentives shoulddeeific to the discipline fields.

Breschi and Lissoni (2007) studied whether thera igmade-off between patenting and
publishing (basic or applied research), and whepreductivity and quality change
accordingly. Their results show that although pitegn per se does not enhance

productivity, it enhances the relations with theustrial world.
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There used to be a general perception that comatieation restricts the production and
flow of ideas and therefore, the authors questitretiver patenting activities distract
scientists from doing research. They studied siieproductivity along the professional

career of scientists by assessing the impact df ehtheir patents on their publication
record and according to their results; there aldipation delay effects for as long as the

patent has not been filed.

These delays are imposed by the secret natursadwBries until the patent is approved
and may represent a distraction from basic to agpksearch. Although, by focusing on
applied research, the publication rates of indigidscientists in refereed journals are
subject to delay effects until the application iled. The two incentive structures:

Rewards and IPR’s imply a level of secrecy thatrdcts researchers from performing
basic science. These two incentive structures ptebeerging interests; in fact, rewards

encourage the disclosure of data and codified mébion while IPR’s encourage secrecy.

According to Dasgupta and David (1994) IPR's enagerincomplete or selective
disclosure. Patent intensive firms tend to relysearecy in order to capture the returns
on non-patentable assets acquired along the deweltpprocess, which constraints

scientists devoted to applied research to keegsgan an important part of the results.

Patenting activity also has a positive impact orergdic resources and individual

productivity; it increases the publishing rates ua the patent application due to
additional resources devoted to the specific patdatresearch. However, increased
productivity effects can be difficult to differeate from delay effects since there are
increasing publication rates after the patent apibn. Some institutions may be willing

to delay their publications in exchange of addilomsources.

Among these observations on patenting and publisisime may realize that some
inventors are productive scientists; their produtgtiincreases in the years immediately
after a non-occasional patent and in some casas gdars before. In addition, patenting
activity generates resource effects and stimulatigidual productivity throughout links

with the publishing activity, while persistent aeadc inventors appear to be more

productive than occasional ones.

These results suggest that it is not the pateatitigity per se that stimulates productivity,
but rather the links it generates with the indysinyfact the expected returns from
licensing may be less than the opportunity costsutting relations with the industry at
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risk, therefore, legislators should encourage jpimajects with the industry instead of

pushing scientists and academy towards IPR's.

Societies expect useful fundamental science thabeaapplied in the private sector; in
order to ensure this transfer of knowledge, IPRcstires are set in place to enable the
commercialization of knowledge in exchange of fitiah resources. Developing
technology transfer structures does not diminighithportance of the scientist in the

process of commercialization.

Taking a closer look at the process, one may re#hat scientists are usually involved in
entrepreneurial activities such as spin-offs aad-stps. Lowe and Gonzalez-Brambila
(2007) carried out some research on the topicabirtelogy transfer and scientific output
of spin-off founders that questions whether theseviies create a distraction in the
process of scientific production or if they increagcrecy. In addition, a study carried by
Buenstorf (2009) takes a look at whether reseandhcammercialization are competing
or complementary. He studies the commercializdgwgal, academic inventors and spin-
off creators rather than merely inventors for ticademy. A first observation is that
patent-publication pairs are not uncommon, whichtrealicts the misconceived general
apriori that fundamental research and commercializatiam @@mpeting activities,
whereas in fact, these activities are complemerdad/not substitutes as Fabrizio and
DiMinin (2008) had stated based on their analysisaopanel data set on academic

researchers.

Academic inventions per se are not very valuablilaénmarket; they depend heavily on
the tacit knowledge of the inventor who must engagentrepreneurial activities to see
his invention succeed. This process generally Brisgues such as delays in publication,
incentives for secrecy, and divergence from theaininterest in basic science towards

applied and industrial science.

The links and interactions between the academictlamdndustrial world represent the
positive effects from the commercialisation actifbtephan et al, 2007), although when
taking a closer look at the role of talent and d@mbj one may observe that interactions
between researchers and the private sector prakigl@ with learning opportunities,
which in turn may have an increasing effect onrtlog&in research output. In addition,
financial payoffs and income flows are generated,amly for the scientist but also for

the laboratory.
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According to Agrawal and Henderson (2002) prior gio@l studies on academic
patenting and its relation to individual scientiatput based on US data suggests that
the scientific output of academic inventors doessimorease in quantity but quality and
relevance, while Stephan (2007) states the inversaning that academic inventors
publish more and get more citations implying arréase in quantity and relevance of
research. Other similar conclusions have been mddaior European studies that show
that patent ownership is a weak measure of acadesteénting (Breschi-Lissoni-2007).

A study was carried out matching spin-offs credtg®lax Planck Institute directors with
the list of inventions made within the institutidPublication and citation counts were
established to measure personal research outpigh(\ate usually highly skewed), while
cross sectional heterogeneity amongst researchasstested through a fixed effect
specification. The cross sectional analysis sugdhat inventions and commercialization

activities are associated to above average sdepgfformance.

The econometric analysis models out a researahaipsit as a function of his invention
and commercialization activities in previous pesod@he results show that publication
figures after the invention takes place are sigaiftly higher, whereas citation figures
are not; in fact, these figures fall when the psete is listed as a spin-off founder.
Therefore, the entrepreneurial activity appearscoone with a cost in terms of
publications and quality since the perceived ressaifrom commercialization do not

boost output.

In summary, the analysis carried on the relatidwben invention and commercialization
of scientific output on the one hand and researcdyztivity on the other shows that
invention activities do not incur in a decreasesaéntific productivity. The crowding out

hypothesis on the scientific resources is rejeeted the compatibility between these
different activities is proven. In addition, spiff-@ctivities are not as clear in their
implications, since permanent treatment specificatisuggest that in the long run spin-
off activity may incur in a loss of performancejsthresult being counter intuitive,

contrasts with the earlier results of Gonzalez-By#an(2007).

The closer scientists are to the private secta,nttore efforts are required by their
entrepreneurial activity, the more negative effectshe research output. In fact learning

effects do not account for performance.
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9 Conclusion

The present chapter provided a broad literaturéewevthat gathers elements from
different fields studied within the production dofience, knowledge and innovation.
These elements constitute a set of tools that allemderstanding better the production

process of collective science in research labdet@nd in research teams.

The main elements described throughout this likeeateview form an interactive system.
This system may be interpreted as a particular chtiee theory of the firm framework
developed by Alchian and Demsetz (1972) in whichpsvation between agents and
production in teams is studied highlighting theesobf incentive structures, hierarchies,
motivation and control structures.

Figure 1 Representation of elements interacting in the production of
collective science

Hierarchies

Incentives

structure, Scientific Production in Organisational
motivation Teams reputation

Career
Trajectory

However, the difference between the firm and tiseaech laboratory is that in the case
of scientific production in teams within researebdratories, the actual contribution of
members of the team can be distinguished and obdewhich is rather difficult in the

case of production in teams within the firm.

In the next chapters, the present research workfedus on the collective scientific
production in research laboratories (green boxhi pirevious figure) with particular
interest in their composition, funding and inter@cs between researchers and types of
funding.

36



Chapter 1: Literature Review

37



Chapter 2

Data: Evidence from the University

Louis Pasteur




Chapter 2: Datadence from the University Louis Pasteur

Chapter 2: Data, evidence from the
University Louis Pasteur

1 Introduction

The former University Louis Pasteur (ULP), is aportant actor among European higher
education institutions (HEI's). Described as thé" Buropean university in terms of
impact by the third European report on science t@etinology indicators (2003), it
presents a long dating tradition of excellenceathifundamental and applied research
focused on three different axes of life sciencestten sciences and humanifiésilding

on an industrial tissue composed of a network seaech and technology transfer.
Nowadays part of the second most international arsity in France (University of
Strasbourg), the ULP also benefits from the impurtaternational visibility since
several thousands of its students are foreign ¢&0.8nd has several research laureates

among which two Nobel prizes working in the scigolisciplines.

For the purpose of the present research on seéegptdduction, we gathered an important
amount of information by means of a documentargaesh axed around different and
reliable sources In the first place, we used an existing dataljaseiding detailed
information on the research activities of the UTRis information is mainly built around

two important axes:

* Detailed information on the research personnehefuniversity.

+ Detailed information on its research laboratories.

The information recorded in this database are gfthe 4-year ministry surveyshat
academic laboratories in France fill out with thgeative of obtaining the right from the
ministry of higher education to pursue researclvitiets. These surveys are compulsory

for each one of the operational research laboesgavithin the academy, and ensure their

4 This disciplinary field decomposition follows themenclature used by the Observatoire des Sciatces
des Techniques (OST).

5> These sources were institutional surveys on teeareh activity of the university laboratories, fb
records on scientific publications, and former gadn the funding sources of research carried=ai/B
(Bureau d’Economie Théorique et Appliquée), Strasgo

5 Nowadays the ministry carries the compulsory syiorea 5-year basis starting on 2012.
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survival subject to the ministry’s decision makimgyen this fact, we may regard the
information provided by this database as a reliaolerce of institutional data on the

scientific research groups of the university.

On the second place, we used information on thensfic output of researchers
associated to the university over a long periotiroé (1994 — 2010); this information
was collected using ISI Web Of Knowledge recordsaentific publications.

In addition, we used information on the researctdiing sources of the ULP, which was
originally gathered at BETA by means of a surveyapopulation of all research
laboratories of the ULP performed with the objeetto observe every single funding
endowment received over a the period 2001 — 2008.

Carrying on with our description, these sourcemfufrmation upon which the database
holds represent detailed records on the reseatchtyof the university. They were

matched in order to establish a relationship betmibe resources of the laboratories
(human and financial) and their scientific outpptiglications, patents and industrial

contracts).

Additional sources of information were two datalsafem the statistics office of the
university concerning researchers habilitated teafiresearch on the one hand, and the
doctoral students on the other, as well as compiéang information drawn from the

Internet and other research reports.

Using the information collected from the differesdta sources described above, we
proceeded to merge it on the basis of a two-levathing: publications-personnel, and
personnel-laboratory, this operation allowed usestablish an aggregated dataset
providing information on the composition of the wamisity laboratories on the one hand,

and their scientific output (publications) on thbey.

We may clarify here that the information on PhDislgostdoctoral researchers was
available in the “Laboratory” dataset, while théommation on the types of researchers
was available in the “Personnel” data set.

We also derived from the information contained witdataset several complementary
variables such as the average age and averagetiaféliation of researchers across
their type, the ratio of defended theses per nunobd?hD students, and the ratio of
juniors, assistants, PhDs, and post doctors peorsesearchers. All of these variables

can provide us with a better view of the compositmd output of the research groups.
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We may state now that these variables used in tladysis obey to the broad
categorization found in Slipersaeter (2007), ilashg different sets of variables found
in the analyses of higher education institution€IjH Projects AQUAMETH and
CHINC' reflect a base for the analysis of the landscdptEd's in Europe, focusing on
information regarding the strategies of governaetfgiency and productivity of HEI'S
during a 10 year period in 11 to 22 countries.

The analyses of variables used in these projeetsled six broad areas of variables used
in such analyses. We believe we can cite some tasgories as representation of the

information used in our analysis of public reseanstitutions.

* General information on the institution: Year of foation, address,
composition, disciplinary field, governance, andhest historical
information.

* Revenues: Total resources, types of funding.

» Expenditures Total operability expenditures.

» Personnel: Total staff (academic and administrative

» Educational production: Ratios of total studenttotal awarded degrees.

» Research and technology production: ISI publicatiotechnological

indicators, granted and filed patents.

2 Datasets

2.1 Dataset “Laboratories”

The first part of the database structure is theeReh group data list, which covers the
period 1996-2008 and provides information on tisaech groups of the university (83
research groups in 1996, 82 in 2000, 74 in 2004).

" Project AQUAMETH was developed by the PRIME netivof excellence (sebttp://www.concours-
urbanartparty.frunder the European CommissidhFEramework Program. It built a comparative database
of 487 universities in 11 European countries. TRENGC project on the changes in institutional furglin
and their consequences was developed under comtitictthe European Commission, and studied a
feasible data collection system with the objecti¥enonitoring European higher education institution
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The main information contained in this dataset eons the composition of the research
group, its expected financial needs and to somenéis available equipment. For a better

understanding of this dataset we may cite somakes it contains:

* The research group code, which identifies eacharekegroup within the

university and creates a link with the individuatgonnel.

e The number of research/teaching personnel per datnyr (in full time
activity ratios).

e The number of researchers affiliated to several-amademic public

research institutions.
* The number of PhD candidates.
* The number of defended PhD theses.
* The total number of post-doctoral researchers (doaad foreigners).

* The total number of personnel (representing aleotdministrative staff,

executing non—researcher tasks) per laboratoryrestitutional affiliation.

e The total number of researchers holding hlaéilitation or right to direct

scientific research per research group and ingtitat affiliation.

These research laboratories are distributed adiffesent disciplinary fields following

the notation of the Observatoire des Sciences £ifTdehniques (OST); the three main
scientific disciplines are life science, matterescie, and humanities. According to the
OST, these disciplines are divided into subfieldgesponding to fundamental biology,
medical research and applied biology for the liéeesces; chemistry, physics, space
science, engineering and mathematics for the matiences; and finally social and

human sciences for humanities.

The four different periods covered by the minissyrveys show a distribution of
university research groups across disciplines dews: in the life sciences, which
represent 63.7% of total laboratories in 1996, dextease to 42.2% of them in 2008, we
find the subfields of fundamental biology accougtiar around 26% of the laboratories
with little variation in time (in tenths of percénmedical research is steady around 30%
of them between 1996 and 2004, then decreases166lihi 2008, and applied biology,
which oscillates around 4% from 1996 to 2004, drehtdrops to 2.2% of laboratories in

2008. We may notice here the important weight t# Bcience laboratories in the

42



Chapter 2: Datadence from the University Louis Pasteur

university, and providing insights on the determinale of laboratories in this discipline

and their influence on the university’'s scienttigtput.

Distribution of laboratories across disciplines
1996 2000
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2004 2008
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Graphs by Year of Ministry Survey

Figure 2 Distribution of laboratories

Laboratories in the matter sciences represent 25f3¥e university in 1996, and grow
up to 30.5% in 2000, 32.9% in 2004 and 40% in 20@8)in this class of laboratories
we find the chemistry field steadily increasingnrd0.8% of the labs in 1996 up 15.5%
in 2008 with a variation of nearly 2% from periadgeriod. We may notice that from the
general field of matter sciences, chemistry issthafield that presents the highest weight
of laboratories. We then find the subfields of pbysepresented by around between 5%
and 6% of the laboratories over the whole periothittle variation in time, space
science ranging from 3.6% to 6.7%, engineerindiatafrom less than 5% of laboratories
in 1996, and increasing up to almost 9% in 2008, rmaathematics with the lowest share
of laboratories going from 1.2% in 1996 to 2004halgh almost doubling its share to
2.2% in 2008.

The share of social and human sciences representsdal0.8% of the laboratories in
1996 and 2000, 8.2% in 2004, and grow up to a shiat&.8% of laboratories in 2008
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making up for the lowest weight of representatiothie university, within this class we
find the subfield of human science representingiado3% of laboratories in 1996 and
2000, decreasing to 1.3% and 2.2% in 2004 and 2&§&ectively, and the subfield of
social science accounting for 6 to 7% of the latwias from 1996 to 2004, and 15.5%
in 2008.

If we focus on the personnel working at the rededaboratories, we may realize there
are two different types of scientific workers, thosxecuting research and/or teaching
activities, and those executing administrative otdgks. The distribution of these
personnel across disciplinary fields shows thas¢h@search laboratories in the field of
life sciences gathered around 45% of the reseaudtiing personnel steadily from 1996
to 2004 and then dropped to 38% in 2008 while thalseratories in the matter sciences
gathered as well around 45% of this personnel dutime whole period of our
documentary research. In addition, laboratorigbénfield of social and human sciences
gathered around 9% of the research/teaching pezstnom 1996 to 2004 increasing to
15% in 2008. If we look at this variable regardlesthe disciplinary field, we may notice
it presents an average of 17 to 19 and a medidd ¢ 13 individuals per laboratory in
the first three surveys, increasing to an averdd@¥ and a median of 30 individuals in
the 2008 survey.

Moreover, the distribution of administrative persehacross disciplinary fields is nearly
steady during all four periods (1996 — 2008) andalbthree general fields with 52 to
54% of the administrative staff working in thosedeatories in the life sciences, 42 to
44% working in matter science laboratories andllyn2 to 3.5% of them working in
social and human science laboratories. The admatiig staff presents an average of 13
to 15 and a median of 6 to 7 individuals per latwrsaduring the period 1996 — 2004;
these figures increase by more than double atpisinaverage of 37 and a median of 23

individuals per laboratory in the 2008 survey.

Given the mixed nature of laboratories in the Fhemsearch system where their structure
mixes the academy with other public research umstihs. Focusing on the major non-
academic institution, the CNRS, we may comment dftee the distribution of the
institutional affiliation through the percentageresearchers affiliated to either of them.
The information declared in our documentary survelgews that among all those
researchers affiliated to the CNRS, those labaegdn the field of life sciences held
around 30 to 41% of them steadily during the whmeeéod from 1996 to 2008. When
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looking at the field of matter sciences, we realizis percentage presents an slightly
decreasing trend across the first three survegsjrgy at 58% in 1996 and reaching 54%
in 2004 before growing back to 56% in the 2008 syr¥inally, in the laboratories in the
field of human and social sciences held a shaPet8b researchers affiliated to the CNRS
in the 1996 survey which decreases down to 1.684er2008 survey. Now if we consider
those researchers affiliated to another importantacademic public research institution,
the INSERM, we may realize that life sciences labanies hold the biggest share of these
researchers, around 100% in surveys 1996 2004 @08l 2vhile 89% in survey 2000).
This is expected since the INSERM deals with médieaearch and therefore the

associated laboratories may be those in the fielifecsciences.

If we take a look at the distribution of total resghers affiliated to the main institutional
research organisms without any disciplinary digtorcwe may find that CNRS holds an
average of 20 researchers and a median of 10 chsearsteadily from the surveys of
1996 to 2004 and then holds up to an average ahd@ median of 33 researchers in the
2008 survey. On the other hand, the INSERM holdsdwall four surveys a median of
3 to 4 researchers and an average of 6 reseabneng the first three surveys (1996 —

2004), growing up to an average of 17 in 2008.

Finally, if we take a look at those researchershwip affiliation to a non-academic
research institution — or who are only affiliatedhe university — we may find they were
gathered at 42% by laboratories in the life scisrtging the1996 survey, with that share
fluctuating up to 44% in 2000, then 39% in 2004 dadreasing by almost 10% down to
39% in 2008. In addition, those laboratories in itiegter sciences held a hare of nearly
43% of these academic researchers in 1996 witmeneasing trend reaching 48% of
them in 2008, while those laboratories in the dan@ human sciences, increased form
13% in 1996 to 20% of academic researchers in 2008.

The evolution of this variable shows there weretd112 academic researchers per
laboratory in average and a median of 8 to 9 dedlar the surveys of 1996 and 2000,
with an increasing trend in these figures showingean of 15 and a median of 11
academic researchers in 2004 and almost doubling apnan of 31 and a median of 22

academic researchers in 2008.
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Distribution of laboratory researchers across host institutions
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Figure 3 Distribution of institutional affiliation (in numbers of researchers)

The present dataset also provides information a ribmber of PhD candidates
associated to the laboratory at the moment of threeys. Their distribution across
disciplinary fields shows similar figures as in tb@se of other researchers described
above. Laboratories in the field of life sciencesthgr 39% of all PhD candidates
associated to the university in 1996 increasingpu2% in 2000 and 43% in 2004 before
dropping back to 38% in 2008. The field of mattelesces presents a decreasing then
increasing trend, with nearly 46% of PhD candidates096 down to about 42% in 2000
and 2004 before settling at 49% in the 2008. Fm#boratories in the social and human
sciences only represent around 15 to 16% of PhDidates in the first two surveys, and

12 to 13% in the latter two surveys.

In addition, we may also describe the distributtdthe number of defended PhD theses
during a survey period. Research laboratoriesenitb sciences gathered 40% of them
in 1996 increasing up to 44% in 2004 and droppiagkbto 42% in 2008, while the
laboratories in the matter sciences gathered 53%hefdefended theses in 1996,
decreasing to 46% of them in 2008; the social amddn sciences gathered on the other
hand 6% of the defended theses in 1996, fluctuatimg reaching 10% in 2008. If
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consider the distribution in time of these two abtes, regardless of the disciplinary field
of the laboratories, we find in the first placeattiduring the first three surveys (1996 to
2004) there is an average of 13 to 15 PhD candigaelaboratory and a median of 8 to
10 of them while those figures almost double inghwevey 2008 growing up to an average
of 32 and a median of 23 PhD candidates per latwyrdth the second place, we find that
the number of defended theses also represent aagavef 13 to 14 and a median of 6 to
8 of theses in the first three surveys, and growoug mean of 26 and a median of 18
theses in 2008. The behaviour of these variablegpgcted, and we may underline the
fact the median of defended theses is lower thamtimber of PhD candidates during
the first three surveys.

This observation led us to use those two variallgbe construction of an indicator
translating the notion of the capacity of resedatioratories to transform simple PhD
candidates into actual doctors during a given peoictime. Such indicator is defined by
the ratio of number defended theses declared in efthe surveys over the number of
local PhD candidates declared in the same surveymal suppose that the higher ratio
of theses per PhD is, the more likely the labosatsrcapable of turning students into

researchers.

2.2 Dataset “Personnel”

The second data list in the structure deals witbrination about the personnel of the
university. It covers the period 1996-2004 and mtes extensive information on the
ULP’s scientific personnel which accounts for 145dividuals in 1996, 1426 in 2000,
1434 in 2004, and 1637 in 2008. The following ibraef description of some of the

important variables it contains:

* The research group code, which allows us to estalailink between the
individual researcher and the laboratory he idiafféid to.

* The hierarchic rank of the researcher, which ré&fleabe administrative
status of the researcher in the database as stateglministry survey. This
variable serves as an indicator related to a notbfijuridical status”
regarding the qualifications and position of theeacher within the French
academic system.
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* The research institution to which the researcheffiated; this variable
may correspond either to the University Louis Rastéhe CNRE the
INSERM®, the INRA!, the IRD, other universities in Strasbourg, other
universities in Alsace, or other companies. We matyce that in France,
an important amount of university research unigsmaixed, benefiting from
different participating research institutions.

+ The CNU! code, which points out the disciplinary field irhish the
research group of affiliation is active. For thergmse of clarity, this
codification can be easily translated into the @8dification of scientific
disciplines.

e The habilitation to direct research, which is ahcadl state qualification,
passed by the researcher in order to have the tighe the head of a
research project.

» The researcher’s date of birth.

e The researcher’s date of entry in the researchpgrou

We were also able to extract which types of reseascwere declared by laboratory
directors for the ministry surveys, as well asvald information on their age and their

experience at the laboratory.

With the information on the different ranks of regghers we were able to establish a
correspondence between the status of the indivices@archers and the hierarchical
structure of the French research system, obtainiogmation on the senior, junior and

assistant researchers at the individual level.

These individuals are the same ones declared itabweatory data list, and their sum
over a specific research group should match thebeurof researchers indicated in that
data list. However, taking a closer look at theadhese two variables are not the same,
although they correlate at the level of 0.9697rdfeee we assume we can use the
information coming from the personnel’s data listree research group level and benefit
from the possibility of the decomposing these redea into different “researcher types”,

which would have not been possible otherwise.

8 Centre National de la Recherche Scientifique.

% Institut National de la Santé et de la Rechercidibhle.
10nstitut National de la Recherche Agronomique.

11 Conseil National des Universités.
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Distribution of researchers across their status
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Figure 4 Distribution of researchers

As depicted in Figure 4, the distribution of resbars according to their rank or status
within the scientific laboratory suggests that mportant percentage of them falls into
the most experienced scientific categories, semdrjunior researchers, composed of the
following ranks: directors, professors, and asdesialn fact, the share of research
directors ranges from 20.2% of the personnel olthigersity in 1996 to 16.5% in 2008

slowly decreasing of nearly 1.5% from period ta@erthe share of university professors
is steady at around 17% across all 4 surveys, vhédeshare of medical professors and
practitioners ranges from 3.4% to 4.3%. These theas account for the senior

personnel of the university, which represents atlod®P6 of it along all four surveys.

In addition, the share of associate professoresgmts 24.4% of the personnel in 1996
and grows to 32.2% in 2008; associate practitionsecillate around 3% and 4% of the
personnel during the same period, and associatana®ers start at 27.2% in 1996 and
decrease to 23.2% in 2008. These three ranks ttedtie category of junior researchers
whose share ranges from 54.5% of the personnél96 o 58.6% in 2008.
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Finally, the remaining ranks: space observatiorsts¥s, assistants, private sector staff,
and schoolteachers, account for around 4% of treopaeel in 1996 and 2000, and drop
to around 2.4% in the following periods; they cimge the less represented category of

scientific personnel affiliated to the university.

Distribution of researchers across disciplines
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Figure 5 Distribution of researchers across main d isciplines

The distribution of researchers across disciplste®vs that the largest shares of them
work in the life and the matter sciences. As a enait fact, researchers in the life sciences
account for around 45% of the population from 189@004, and then drop to 40% in
2008; researchers in the matter sciences sta@%tof the population in 1996, and drop
to 42% in 2008, while those researchers in humarsanial sciences account for around
8% of the population in 1996, and grow up to 17%hef population in 2008 recording

the highest share increase over the whole period.

A similar pattern of figures is observed when weatepose our researcher into three
main categories, senior, junior and assistant,vainen we take a deeper look at their
distribution across the general disciplinary fielde observe that 45% of all senior

researchers were affiliated to life science lalmrres in 1996, growing up to 48% in 2004

50



Chapter 2: Datadence from the University Louis Pasteur

before settling back at 44% in 2008 while slightigher shares, 47% to 49% of them
were affiliated to matter science laboratories miyithe period. As expected, due to the
low representation of social and human sciencerédboes at the ULP, we observe that
7% of senior researcher worked for these laboredofiuctuating across time and settling
at 5.4% in 2008. In addition, we may state herd tha distribution of the junior

researchers across disciplinary fields in time gméesa rather similar pattern than that of

senior researchers.

Let us now describe the personnel dataset in tefniise most important institutional
filiations of researchers working at a laboratofyhe university. The most represented
institutions are the CNRS and the University, wheoimfirms our previous observation
in the laboratory dataset. These two institutidostéiate over the period 1996 — 2008
within range of 36% to 41% for the CNRS and 46%56% of the population of

researchers in the case of the University.

In more detail, most of the CNRS researchers worthé matter science laboratories,
with a share fluctuating in time within the randet6% to 53%, while the second largest
share in time (43% to 52%) works in the life scietaboratories. Only a small share of
researchers affiliated to the CNRS work in the @loand human science laboratories
(1.2% to 2.7%). In addition, among those researchkelely affiliated to the University,
we observe that most of them work in the matteersm laboratories, with a share
fluctuating in time within the range of 47.7% to%8&vhile the share of those working in
the life sciences fluctuates between 29% and 38%expected, due to the low quantity
of laboratories in the life sciences, only a rahg&o to 14.5% of these researchers works
in this academic field. Finally, looking at the ftitigtional affiliation to the INSERM, we
observe that the share of total researchers &éflito this organism fluctuates within the
range of 5.6% to 6.6%, with the majority of themrkiog in life science laboratories as
expected due to the mission of the INSERM, whictaaling with medical and health

research.

After discussing the representation of differentksdtypes of researchers and their
institutional affiliation, we may describe theireagnd experience. This information is
provided in the personnel dataset in the form dé ad birth and date of entry in the

laboratory for all researchers declared in eaclthefsurveys. In average, the age of
researchers working at the laboratory varies betwigeand 47 years during the period

covered by our surveys, with a median age of 487mver the same period, which
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denotes some homogeneity of age among researchegse figures remain almost
unchanged when we look at the average age and edeamage of researchers across
disciplinary fields, both ranging among 45 and 4arg for all three of them. In the case
of individual experience, we may observe an averaggerience in the laboratory
fluctuating in time between 8 and 10 years, ancedian experience fluctuating between
6 and 8 years; these figures also remain almodtanged when we take a look at the
experience in the laboratory across disciplinaeids, which ranges between an average
of 8 to 10 years; however, we may note that forsiimeey of 2008, we observe a median
experience of 3 years in life science laboratowbege all other disciplines and periods
present a median of 5 to 8 years of experiencemaietherefore believe that life science
laboratories went through a process of renewakséarchers along the period 2004 —
2008.

Regarding the evolution of affiliated researchersrdhe 4-year periods marked by the
ministry surveys, we observed small changes dutimg period 1996 — 2004
corresponding to the first three surveys, whileghér variation was observed between
the last two surveys corresponding to the period420 2008. In fact, from the 1451
researchers affiliated in 1996, 317 individuals eveio longer listed as part of the
personnel in 2000, while 292 new entries appeanedcating a net decrease of 25
affiliated researchers, or a net research persammition rate of -1.72% in between the
two ministry surveys of 1996 and 2000. Betweenpigod 2000 and 2004 there is a net
research personnel variation rate of +0.56% acoogifior a total of 398 leaves and 406
new entries. Finally, the change in between thel20@ 2008 periods takes into account
a net research personnel variation rate of +14.6¥@senting a total of 346 leaves and
549 new entries of affiliated researchers. Thi$ tdsservation confirms our previous
belief on the renewal of research personnel infein@m our observation of a low median

experience in life science laboratories revealdtiensurvey of 2008.

In addition to the variables concerning researcheas administrative personnel at the
laboratory level, we carried our decomposition aestific personnel into five types
according to their status within the French acadeesearch system. These types were
created according to the classification mentiomeébrmer sections: senior and junior
personnel, postdoctoral researchers, PhD candjdates assistant researchers. This

decomposition will later be useful for our analyses
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2.3 Dataset “Publications”

The third part of the structure is the Publicatiafega list, which provides 81412
contributions to publications made by personnehcied to the university. These
contributions cover the period 1988 — 2008, ancevgathered through at least 3 different
waves of data extractions from the Web Of Knowleffgemerly ISI Web Of Science).
The first two waves of data collection were doneoading to a first method of extraction,
matching ULP authors to their contributions (peri®@88 — 2005).

This first and most exhaustive extraction covess pleriod January 1990 — July 2002
(although some entries from 1988 and 1989 are ptgsand contains 43241 single
contributions to published articles (one entry éaich coauthor attached to the ULP),
while the second wave cover the period August 2002id 2005, and contains 12108
single contributions. The data was gathered bycheay inside the I1SI Web Of Science;
each researcher member of the ULP as recordec iRersonnel data list following the
structureSURNAME + I*(where “I” denotes the initial of the name) in tethor-field
and controlling his association to the universyyskearchingg TRASBOURG* or ULP or
ILLKIRCH* or SCHILTIGHEIM or WISSEMBOURG or CRONEQBRG or COLMAR
or HAGENAUIN the address-field.

The third wave of data collection used a secondhatktof extraction matching
contributions from a site of the university to awth recorded in the ULP personnel
database. This wave of extraction answered the toeeaimplete the information on the

ULP publications to match the latest ministry syreé2008.

To complete the Publications dataset for the pesfadid 2005 — 2008 we built a sample
of contributions directly extracted from the Web Krfowledge, and based on general
searches pointing out a site of the university gisie keywordSTRASBOURG* or ULP
or ILLKIRCH* or SCHILTIGHEIM or WISSEMBOURG or CREGNBOURG or
COLMAR or HAGENAUN the address-field of the articles for the peérd mid 2005 —
2012; all these keywords representing the citieghith the university has established a
site.

We were able to gather 29086 entries for whiclt@dluthors were mentioned, and then
match them with the members of the university statethe Personnel data list by
ministry survey up to 2008. This was possible gitret the personnel from the university
is recorded in the forrBURNAME_NAMENd can be associated to a certain laboratory
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during a certain period of time covered by the stiyi surveys, while the authors in the
records extracted from Web Of Science can onlyX@essed according to the form

SURNAME_ [(where “I” denotes the initial of the name) and associated to a certain

year.

Once the newly collected data was appended torthequs set, we obtained a total of
list 84435 individual contributions to scientifieg@r reviewed publications performed by
researchers affiliated to a research laboratoth@fUniversity Louis Pasteur. With this
complete set of individual contributions we werdealo establish a count for the total
publications by collapsing those individual conttibns over their publication
identification code, therefore obtaining a coun#bfl96 publications in which at least
one or more members of the university contributedWe also established number of
fractional publications by weighing the publicasomwith their total share of ULP
contributing authors accounting for a total amooht2090,9 fractional publications

associated to the university over the period.
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The following figure presents the distribution aftb contributions and publications of
the whole university across time. It reveals a gngwirend from 1990 that stabilizes

around 4000 contributions or 2000 publicationshim year 1996.
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In addition to the data on the number of publicgaiowe were also able to gather
information on their quality using as proxy the expfactors of the journal in which they
were published. The information on these impadbfgovas collected from the ISI Web
Of Knowledge — Journal Citation Reports (JCR), cmgethe period 1997 — 2010 for
science journals, and the period 2002 — 2010 fdr boience and humanities journals. It
accounts for a total of 12003 different scientjbarnals identified by their ISSN code,
which allowed us to match the publications of tmaversity with the information on

quality of the journals they were published in.

Over the period 1988 — 2012, the scientific redeafdhe university was published in at
least 3886 different peer reviewed journals forakhan identification ISSN code was
associated to the publication. This period covimsaves of data collection, although for
the years previous to 1997 and after 2010, we havieformation on the impact factors
and other related quality information on thesenails. The lack of information for those
periods is due to the fact that journal qualityadas gathered during thé @ave of data
collection (late 2011) from the available onliné J8urnal Citation Reports, which only
covered the period 2000 — 2010, and the archiveth@period 1997 — 1999. Since our
different analyses take into account the publicetiaround (two years before) the 1996
ministry survey, we assume equality between théabla journal impact factors in year
1997 and those 1994, 1995 and 1996.

This data indicates that over the period of ouerest (1994 — 2010, covering all 4
available ministry surveys), the researchers olitiieersity published their work in 2265
different journals, with 51.9% of these journaldlmhed the research issued from the
life science laboratories, 42.9% from matter saelaboratories, and 5.2% published
research from social science and humanities latweatfrom the university as illustrated

in the following figures.
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Journals Across Disciplines Total Peer Reviewed Journals per Year
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Set of Figures 7 Percentage of peer reviewed journ als by discipline and
total journals by year

In addition, the data on the journals in which timéversity members publish indicates
the existence of a trend of increasing median imfsators over the whole period, as
shown in the Set of Figures 8, which comforts ttheai that the overall quality of our
university’s research has improved during thisgugrvith those publications in the field

of life sciences showing the highest median imjector.
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Set of Figures 8 Distribution of impact factors by discipline, and by year

2.4 Dataset “Funding”

The final dataset we have access to concernindJtiieersity Louis Pasteur gathers
information on different funding sources of itsearch laboratories. We observe among

others, public and private funding, as well as rent funding from new agencies such
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as the National Agency for ResedClf{ANR) and different regional and European

financing.

As highlighted by Llerena and Benaim (2010), infatron on recurrent funding is
difficult to gather due to a lack of centralizationeven homogeneity of research funding
data in a given region, or in our case, the lalooied of the university. In a study on the
evolution of research funding in French laboramrigETA was able to build a significant
dataset of single endowments for research fundaged on two ministry surveys,
covering the period between 2001 and 2008, fomthele Strasbourg site — meaning all

laboratories affiliated to all three historic unisiies of the city.

The different types of finding present in the datagather information on funding

received by the research laboratories from:

* Regional collectivities: Covering funding from regal organisms, and
representing a small share of the total reseanuthirfig.

e Public recurrent funding: Covering the actual msaurce of laboratory
funding (about 40% of their total resources), eBakyycoming from public
organisms associated to the labs such as CNRS\&ERM. This type of
funding is the one negotiated every 4 years duhegninistry survey, with
the objective to ensure the operability of the aesle laboratories.

* European Union: Covering funding from European cttmal programs
regarding scientific research, which reflect thgeotives of the Lisbon
treaty and the “Horizon 2020” program. This typefaiding represents
about 10% of the total laboratory funding obsersgadng the period 2001
- 2008.

* National Agency for Research: Covering project-dadending, it
represents about 13% of total resources of therdétwdes. Since the
creation of the agency in 2005, this type of fugdims changed the
behaviour in research laboratories, and while s#plresenting a relatively

small share of funding; it has evolved progressigaining in importance.

12 The “Agence Nationale de la Recherche” is an agémaharge of increasing French research and
innovation through specific project funding. Thgeative of the institution is to act in favor ofawmical
and social priorities, intensify interactions betwethe private and the public sector, and help Idpve
international partnership; all this by focusingtba improvement of the knowledge and technolodieake

of the nation.
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e Other public funding: Covering funding from othergtic institutions such
as French ministries, Public investment banks, roB¢RS project-based
funding etc. This type of funding represents abthf#o of total research
funding.

* National and international private funding: Coverfanding received from
contracts with different private organism (eithational or international),
licensing, and patent exploitation. This type ofding represents about
20% of the total resources, with particular impoc&in those laboratories

dealing with applied science near the market.

Using this information, and for the purpose of analyses, we were able to aggregate

these single endowments according to two diffesgatems of categorisation:

» Private and public funding, as a general charazgan.
e General private and public funding, European angioreal funding,

recurrent public funding, and finally, ANR funding.

Since most of these single endowments are idemtdied the linked to the research
laboratory they were affected is reliable basethenmesponses obtained by these surveys,
were able to aggregate them according to thesgarade and obtain an observation for
each laboratory belonging to the ULP, thereforating a set of variables representing

the funding structure of those laboratories.

We may note that this information on funding soarcevers the period 2001 — 2008,
which following the logic of the other scientifiesource information (personnel) implies
a correspondence to the 2004 and 2008 surveysigiipegation of funding types from
2001 to 2004 representing an index of the fundawgived by the laboratories somewhat
declared in the 2004 survey, and the aggregatmn #005 to 2008 representing that of
the 2008 survey.
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Single Funding Endowments by Type (Surveys 2004 & 2008) Funding Endowments by Type (Surveys 2004 & 2008)
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Set of Figures 9 Distribution of aggregated single endowments across
periods of time corresponding to surveys 2004 and 2 008

3 Merging datasets

Based on the information gathered from the diffedatasets described in the previous
section, we were able to perform several mergekata with the objective of building a
thorough body of information linking laboratory cheteristics, personnel composition,
funding structure and aggregated scientific pradactacross two different levels:
institutional and individual, using respectivelyetlaboratory and the researcher as the

unit of analysis.

These merges were possible given the presence ébkeariables such as the laboratory
code or the researcher’s identity (both by namecaae within the university) in several

datasets. For instance, during a first stage wiopeed the following merges:

* “Laboratory” and “Personnel” datasets.
* “Personnel” and “Publications” datasets.

« “Laboratory” and “Funding” datasets.

We used the laboratory code present in the persolat@set to merge these two sets of
information with the objective of obtaining the caeteristics of the laboratory of
affiliation for each researcher in the personnéhsiet, and in addition, we collapsed the
characteristics of researchers affiliated acrosdr taboratory of affiliation with the
objective of obtaining a detailed composition afgarch laboratories in terms of human
resources for the different periods of our analyis two merging directions illustrate

both analytical units, the laboratory and the redes.
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Moreover, we used the researchers ID code declaithe personnel dataset for the first
three surveys (1996, 2000 and 2004), also presé¢heipublications dataset until the first
half of the year 2005; for the survey 2008, we @enked the match using the surname
and name initial SURNAME_Jlwhere‘l” denotes the name initial — as an identifier of
the publications gathered from the second halhefyear 2005 on in the publications
dataset, and the same structure drawn from théitgenhthe researcher in the personnel
dataset given in the forRURNAME_NAMEThis match allowed us to obtain a dataset
associating the overall characteristics of eacflsiacientific publication to each one of
the individual researchers of the university appegin the list of authors. By collapsing
the number of publications and their charactesstwer their associated authors by year
we obtained a dataset that provides informatiothermpublications of the researchers of
the ULP.

Finally, the first merging stage involved a thiréitch linking laboratory and the funding
datasets. We used the laboratory code presenteifutiding dataset for each single
endowment during the period 2001 — 2008 with thgeailve of obtaining a dataset
representing the funding structure of laboratodiesng that period which is covered by
the surveys 2004 and 2008.

During a second merging stage, we used the twimeodatasets issued from the first wave
of merges, the “researcher-laboratory” and thegaesher-publications” datasets. In this
case we used the individual researcher ID code, pr@sent in both of these datasets,
with the objective of obtaining a complete dataset associating the publications
signed/authored by the individual researcher, brsftersonal characteristics and the
overall characteristics of the laboratory he/shekaat, with the individual researcher
being the unit of analysis. Furthermore, by coliagsall characteristics of individual
researchers and their publications, we obtainezh#tete dataset providing information
on the laboratory composition in terms of humaroueses and its overall scientific
production in terms of quantity and quality, whreffiects the laboratory as the analytical

unit.
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During our third and last merging stage, we useddhoratory code to match the dataset
“laboratory-personnel-publications”, issued frone teecond merging stage, with the
“laboratory-funding” dataset obtained earlier dgritihe first wave of merging. As a
result, we obtained two datasets (one for eachyacal unit, the laboratory and the
individual researcher) representing the overallratt@ristics of the laboratories, their
scientific personnel, their scientific productiomdatheir funding structure for the period
covered by the ministry surveys of 2004 and 200®&sE datasets were limited to the last
two surveys given the lack of information on theding structures of the scientific

research laboratories of the university prior t® ylar 2001.

Taking a deeper look at the data displayed in #tasits issued from our different merges
we may observe other laboratory and individual dectof the scientific production
process that we were not able to observe befonmeSu these variables may provide
some insights on different questions such as wietcharacteristics of laboratories in
terms of composition and funding are? What arecti@racteristics of their scientific
production? What the characteristics of those rebeas working at the ULP who to

scientific publications are? What types of researghlo they usually co—author with?
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3.1 Merging the Laboratory and Personnel datasets.

Describing those variables representing this aolahi information given the laboratory
as the analytical unit we may state that in termalworatory composition, there were a
total of 612 senior researchers at the univergddglared in the survey of 1996; this figure
decreased down to 586 senior researchers in 2680032004 and finally 526 declared
in the survey of 2008, with an average of arourahd a median of 5 senior researchers
per laboratory. The distribution of the total sem@searchers across disciplinary fields is
consistent with the distribution of laboratoriesass these general disciplines, with the
life sciences varying between 41% and 48% of taior researchers during the overall
period, the matter sciences varying between 44%5486 of them, and the social and
human sciences varying between 6% and 7.6% of themg the whole period of the

analysis.

On the other hand, the total number of junior redears added up to 798 individuals in
1996, slightly increasing to 809 in 2000 and 83@®94 before dropping back down to
774 individuals declared in the survey of 2008. Sehimdividuals represented an average
of 9 to 10 junior researchers per laboratory dutitggperiod 1996 — 2008 and an average
of 15 per laboratory in 2008, with a respective rmedf 7 to 10 individuals during the
whole period. Junior researchers were distribu@dss disciplinary fields in similar
shares across time although with slight differena#is respect to senior researchers, with
life science laboratories holding around 44% ofrithenatter science laboratories 46%,
and social and human science laboratories holdiognal 10% of junior researchers, a

higher share than in the case of senior researchers

PhD candidates and post doctors added up to aao1#l11 individuals declared in the
survey of 1996, decreasing down to 1494 in 2000 then growing back to 1586 in 2004
and 1941 in 2008, they represent an average ohdrd8 to 20 and a respective median
of 11 to 12 young researchers during the period 192004, though due to the decrease
in the number of laboratories in 2008, these figunerease to an average of 38 and a
median of 28 individuals in 2008. We may say thnirt distribution across general

disciplinary fields is very similar to that of jworiresearchers.

Finally, assistant researchers and academic sfpfésented a total of 1111 individuals
in 1996, 1108 in 2000, 1181 in 2004 and 1707 in820Gth an average of 13 and a
median of 6 individuals per laboratory during thexipd 1996 — 2004 increasing to an
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average of 34 and a median of 20 individuals in8&00heir distribution across
disciplinary fields shows that life science labor&s held a steady share of about 54%
of them, while matter science laboratories a sludrabout 43%. Social and human
laboratories only held a share of about 3% of th# during the period covered by the
analysis, which is different from the distributi@eross disciplines for other ranks of

scientific workers.

Now, in terms of laboratory funding during the per2001 — 2008 we may describe the
behaviour of public and private funding during tpisriod, which covers the ministry
surveys of 2004 and 2008. During the 4 years pragdtie ministry survey of 2004, the
total of endowments constituting the public fundaighe laboratories of the ULP added
up to around 96.6M, during this period, this amowas shared between disciplinary
fields, with laboratories in the life sciences Wigtiveg from 43.4% of it, matter science
laboratories from 53.8% of the amount, and socidl lfjuman science laboratories from
only 2.7% of the total public funding. Over the hdxyears, the total public funding
decreased to 93.5M, shared among life science dadres (32.3%), matter science
laboratories (64.1%) and social and human sciealoeratories (3.4%). On the other
hand, the total endowments constituting the prifateling of the laboratories added up
to about 18.25M during the 4 years preceding tineesuof 2004, distributed in shares of
50.5% for life science laboratories, 48.2% for matcience and 1.3% for social and
human laboratories. During the next period (2008088) this amount decreased to
11.12M with life science laboratories receivingytl7.3% of the amount while matter
science laboratories increased their share to 789& social and human science

laboratories increased theirs up to 2.8% of thiswamh

Finally, speaking about the scientific productidriJi.P laboratories and its quality we
observe over the period covered by the four ministirveys (1996 — 2008), we focused
on the total publication counts over a period ofears (before and after) surrounding
each of the ministry surveys. The amount of pubbee covering the period around the
survey of 1996 (1995 — 1998) adds up to a totdled61 scientific publications, during
the next period (1999 — 2002) this amount increasek?494 publications signed by at
least one researcher working at a laboratory oltheersity; the following this period,
this amount decreased to 16284 publications duhegperiod 2003 — 2006 and then
down to 14395 total publications during the perkiid7 — 2010 corresponding to the

survey of 2008. These publications follow a disttibn across disciplinary fields were a
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steady share in time of about 51% to 55% belongisedife sciences, a share of ranging
between 43% and 47% belongs to the matter sciemzba very small share ranging
between 0.46% and 0.74% of the total publicatidrib@university belongs were signed
by researchers working in the field of social anginlan sciences. In addition, we also
observed as indicators of the quality of thesendifie publications the average and
median impact factor per laboratory of the peemdemwed journals in which these
publications appeared during the span of four yaarsnd a ministry survey. The average
impact factor of journals increased steadily fro® [@oints, for the journals in which the
publications aggregated for the ministry surve$@®6 appeared, to 3.05 points for those
journals corresponding to the aggregation for ey of 2000, until reaching 3.57
points for those corresponding to the survey o#2&ad 4.1 points for the survey of 2008.
The associated median impact factor per periodiatseased along the different surveys,
from 2.21 points associated to the survey of 199&,.52 points in 2000, 2.9 points in
2004 and 3.3 points in 2008.

3.2 Merging Publications and Personnel datasets

From the merging of the publications and persodaéhsets described at the beginning
of the present section we were able to observepdtierns of distribution of several
interesting variables such as the total publicatiand their distribution across different
types of researchers, as well as total internalittmaiship of a given rank that individual
researchers worked with during the period coverethb surveys and the average age

and experience of their coauthors.

In the first place, we observed that the total walblons (on the basis of a 4 year span
over each ministry survey) were distributed almststadily across senior and junior
researchers, with a range of 57.3% to 62% of tpabécations being signed by a senior
researcher and a range of 35% to 39% being signgahior researchers. The share of
the publications being signed by an assistant rekeris highly variable over time, with
0.01% of them in the survey of 1996, 0.2% in thetiseirvey, 1.6% during the survey of
2004 and finally 0.3% during the last survey. Indiidn, the distribution of these
publications across the major public research asgas (CNRS, INSERM and
University) reflects a decreasing share of publices signed by researchers associated
to the CNRS (from 50% down to 42%), a share ranbetween 35% and 40% signed by

64



Chapter 2: Datadence from the University Louis Pasteur

university only researchers, and finally a rathealt share oscillating between 7.3% and
9.3% signed by researchers affiliated to the INSERM

Moreover, we also observed the total internal doanship of researchers working at the
ULP, with a total of 24604 co-signatures perfornigdsenior researchers during the
period corresponding to the 1996 survey; this nundsereases down to 17118 co-
signature for the survey of 2008. The level of ¢batship shows there were an average
of 20 and median of 9 senior coauthors per indfidasearcher revealed in the survey
of 1996, which decreased to an average of 15 anddian of 7 senior coauthors in the
survey of 2008. In addition, the distribution oédle co-signatures of senior researchers
show that a fluctuating percent in the range of 5@%0% of them occurred in the field
of life sciences, a range of 39% to 46% in thedffl matter sciences and a range of 0.3%

to 0.9% in the field of social and human sciences.

The total co-signatures of junior researchers desa@ from a total of 17815 during the
1996 survey down to 13652 for the 2008 survey céfig a decreasing an average from
14 to 12 total junior coauthors and a rather stai#eian of 6 to 7 of them per individual
researcher. Coauthorships of this type, contrasetoor co-signatures, mainly appeared
in the field of matter science, with a decreasihgre in time from 60% to 51% of the
total junior co-signatures happening in laborawpoéthis field. The laboratories in the
field of life sciences presented an increasingesb&B8% to 45% of junior co-signatures,
while they oscillated within a range of 0.5% to%.& the case of laboratories in the

social and human sciences.

Finally, the level of coauthorship by assistanteegshers added up to total of 917
signatures corresponding to the survey of 199€lactuated to 1401 signatures in 2000,
862 signatures in 2004 and 1083 signatures in 2008re were an average of 1 and
median of 0 assistant coauthors per individualaeeer during the whole period. Their

distribution across disciplinary fields was giveyn & range of 45% to 60% of them

happening in laboratories in the life sciences, 48%48% in laboratories in the matter

sciences, and 3.8% to 4.3% for laboratories irst@al and human sciences during the
periods corresponding to the surveys of 1996, 2808 2008. The survey of 2004

diverges in the sense that laboratories in theddences hold 80% of the assistant
coauthors while laboratories in the matter scidrad 18.9% of them.
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4 Conclusion

In summary, this section provided information oa thethodology utilised to build the
merged datasets at both the laboratory and theithadil level. These datasets take into
account valuable and reliable information fromfth&-year ministry surveys on research
laboratories within the French academic systenadidition they make use of valuable
information from the ISI Web of Knowledge regarditige scientific publications of
researchers of the University Louis Pasteur as aglinformation on project funding
from internal surveys on research projects witlaboratories at the University Louis
Pasteur. The following table provides details abihat datasets and variables in use

highlighting the laboratory and the personal idesdtion codes that allowed the merging

process.
Table 1 Detailed datasets
FUNDING LABORATORIES PERSONNEL PUBLICATIONS
Laboratory Identification | Laboratory Identification Laboratory Identification Laboratory Identification
Code Code Code Code
. Personal Identification Personal Identification
Contract start date Year of Ministry Survey Code Code
Contract end date Researcher / Teacher Civil Status Year

Time period

Researcher CNRS

Year of Ministry Survey

Total Publications

Funding Source

Researcher INSERM

Date of Birth

Total Authors

Amount

Researcher OTHER

Age during Survey Year

Total Internal Authors

PhD Students

Academic Rank

Laboratory Discipline
Code

Defended Theses

PRO affiliation

Personnel University

Laboratory Name

Personnel CNRS

Habilitation

Personnel INSERM

Year of Habilitation

Personnel OTHER

Date of Entrance in
Laboratory

Laboratory Discipline
Code

Personal Career in
Laboratory at Moment of

Survey
Researchers (full time Laboratory Discipline
equivalent) Code
Personn_el (full time Researcher Category
equivalent)

Reze:gﬁir:;riir\:wth Average Age in Laboratory
Post Doctoral Average Career in
Researchers Laboratory

Year of Entrance in
Laboratory
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Chapter 3: Determinants of Scientific
Research

1 Introduction

The present chapter studies the individual chanatitess of researchers members of
research laboratories and their impact not onlythenindividual scientific output and
quality but also on that of the research laboragsrya whole. The interest of this study is
to investigate the determinants that explain ctitecscientific research in terms of
scientific publications and the quality of peeriesved journals in which they are

published.

This chapter is composed of a first section ondé&erminants of collective scientific
performance in terms of publications and qualitypablications for which empirical
results show that the composition of research kbades in terms of researcher status
plays an important role on the output and qualitthe laboratories as whole entities; in
addition, results also show that the compositiontred funding structure of these
laboratories also play an important role on thellective performance. A second section
on the determinants of individual scientific penfance follows to present a complete

picture of scientific production and quality.

Finally, the chapter ends with an empirical analggithe characteristics of coauthors and
their influence on the individual scientific prodion and quality. This section offers a
first analysis of the complementarity of status aghcoauthors at the individual level,
and represents a preamble to chapter 4 in whickethges of complementarities are
studied using a supermodular approach.

2 Determinants of collective scientific performance

The aim of the present chapter is to evaluate dhe of laboratory composition and
funding as determinants of the scientific outputesfearch laboratories. For this purpose,
| follow the empirical work of Carayol and Matt (@8 who analyzed the scientific
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production of faculty members of the Louis Pastdniversity to understand which are
the collective and the individual characteristicattexplain individual scientific output
and quality. The present analysis is carried ouboth, the count of contributions to
publications and the fractional publications parfed by members of the laboratory and
goes further by studying not only the individuatmmut and quality but more important,
the collective output and quality of the laborat@y a whole entity. The dependent
variables | define reflect the total participatioh research laboratories in scientific
production trough contributions and fractional pcditions and the average and median

quality of this output.
| measure the dependent variables according te thifeerent assumptions:

1. The personnel declared in a given survey have hachportant influence
on the laboratory contributions and publicationsirty the previous two
years.

2. The personnel declared in a survey have an infei@mcthe contributions
and publications during the two years following it.

3. The personnel declared in a survey have an infei@mcthe contributions
and the publications of the laboratory during ageaaf two years before to
two years after the survey.

The purpose of measuring the dependent variabtesding to these particular cases is
to take into account the evolution of the scieatiiiersonnel from survey to survey
according to periods of four years. In fact, thespanel declared during a given survey
may not only be composed of researchers who weeady affiliated to the laboratory

during the previous period and are still affiliatharing the period corresponding to the
survey, but also researchers recently affiliatethéolaboratory who become active only

during the period following the ministry survey.

| illustrate this by recalling our figures on resdweer’'s turnover between different
surveys. From the period 1996 to 2000, the unityetaboratories lost a total of 317 out
of 1451 individuals; which are those researchectaded in 1996 but who were no longer
affiliated in 200. This turnover concerns about 2@Pthe total university researchers in
1996, with 52% of this loss of researchers occgriimmatter science laboratories, 40%
in life science laboratories and 8% in the socrad auman science. Furthermore, one
may notice that the loss of researchers betweenpdreod 1996 and 2000 was

compensated by a total gain of 292 researcherswene not listed in the 1996 survey
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and appeared as entrants in the following surve300D that counted 1426 researchers;
this entrants represented 20.5% of the universggarchers in 2000 and were distributed
according to a share of 45% entrants in life s@daboratories, 40% in matter science

laboratories and 15% in social and human sciermmddories.

However, since more than two thirds of these ehtesearchers who were only declared
in the ministry survey of 2000 actually enteredrtlmiversity laboratory at some point

in time between 1996 and 2000, we must take intowat the fact that a few years are
needed in order for scientific research to be ghiell, especially for articles published in

journals in technical sciences and mathematics @land Moed, 1998).

Given this fact, | formulate the following threesamptions on the aggregation of
scientific output matched with the data particylayathered in periods of four years, as

it is the use within the French academic system:

* Those individuals who performed research duringprod 1996 — 2000
may be accountable for the publications performathd a period of two
years preceding the ministry survey of 2000 anch@del 1).

* They continued working for the laboratory during teriod 2000 — 2004
and therefore may also be accountable for the #bior publications
signed during a period of two years following thmistry survey of 2000
(model 2).

e If the two previous assumptions hold, then we mbp assume that
researchers declared during this ministry survey awountable for the
laboratory publications signed over a period ofrfgears around that

survey (model 3).

In addition, we may also note that in between thesesurveys (1996 and 2000) a total
of 90 researchers transferred from one of the usitydaboratories to another; this means
they were declared in both surveys but in diffelabbratories, with the transfer taking
place at some point in between the surveys. Tl igktransfers in between laboratories
and their influence on scientific publications ntsyaddressed by assumptions 1 and 2.
Researchers declared during a given survey magdmiatable for publications during
years before and/or after the declaration, indeedesearcher working in a given

laboratory may be accountable for publicationsethduring a period of two years before
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the survey, then after his transfer, he may bewatdable for publications signed at his

new laboratory during a period of two years follogithe same survey.

In addition, the turnover of individual researchenrs the university laboratories
represented a loss of 398 researchers betweenrireys of 2000 and 2004, with a share
of 43% of the exits taking place in life sciencabdratories, a share of 45% in matter
science laboratories and a share of nearly 11%hen social and human science
laboratories. During the same time, the universitjiated a total of 406 new individual
researchers, with a share of 45% of these newesntccurring in life science
laboratories, a share of 41% in the matter scid¢atoeratories and a share of 13% in the
social and human science laboratories; during shree period some 119 researchers

transferred from one laboratory to another.
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Finally, in between the last two surveys (2004 2008) these figures became somewhat
different; there were a total of 399 researchers wxkited the survey, most of them in
matter science laboratories (47%) while a totaB@6 entered the survey with a similar
distribution as in the previous periods; althoughl interesting to notice is that a total of
508 researchers appear to have changed laboratobesween these two surveys. This
high figure of transfers may be explained by tha fhat, in time, several laboratories

within the university merged explaining the laborgtattrition on the ministry surveys,
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though reflecting the fact that the human resouotd¢lese labs became part of a bigger

research unit within the university.

Having explained the assumptions on the outputesggion, Let us develop further the
description of the dependent variables; these spard to the sum of contributions — that
IS every time a researcher participates in a patdio it counts as one event — and the
sum of fractional publications — that is the actsiadre of the researcher’s contribution
among his coauthors —; these sums are calculateddieg to the three assumptions on
output aggregation mentioned above. These depengeigbles (contributions and
fractional publications) are defined by the setsludervations in the publications dataset;
they take on positive values, are highly non-noramal are skewed to the right as shown
in the Set of Figures 12

Kernel density estimate Kernel density estimate

Kemel density estimate Kernel density estimate
Normal density Normal density

Set of Figures 12 Density of fractional publicatio  n counts against normal
density

Scientific production is based on two importanttéas, the human factor based on the
individual researcher’s skills and competences, tedtechnical factor based on the
financial resources used by the researchers assnegoroduce new science as it is
witnessed by the important growth of universit@sards the last quarter of the twentieth
century in terms of the number of researchers aededvel of financial commitment

(Geuna, 1999). Within the frame or this researchinterest focuses the role these factors

73



Chapter 3: Determinants of Scientific Reskar

exercise on the scientific production processtlepwords, how different characteristics

may explain the scientific output of individual easchers and research laboratories.

Laboratory composition in terms of human resoussesires a key role in the process; in
fact, human resources may be decomposed accomlititeir rank/status. Within the
particular frame of the French academic systemeasribed in the previous chapter on
data, the categories of ranks/status include semibighly experienced researchers with
a professional career longer than 8 years, juregearchers with about 5 years of
experience, postdoctoral researchers and PhD catedidon well-defined research
contracts and/or just working on their doctorakieeand finally assistants which include
engineers, technicians, assistants, second-clagsspors, and other personnel.

Moreover, the financial resources exploited by aedeers and other personnel as means
to ensure operability and production also play @ k@e in the scientific production
process. With the objective of understanding hoffiedint characteristics of funding
resources may affect the scientific productionesfearch laboratories, | performed my
studies given a decomposition of funding resou@esndependent variables. These
resources, as mentioned in the previous chaptethealecomposed into general private

and public funding, European and regional fundingd anally recurrent public funding.

Since in the present case the studies are carnethe research laboratories of the
University Louis Pasteur, one must keep in mind thast of them are composed of
mixed structures where both the university andphielic research institutions such as
CNRS, INSERM etc. operate simultaneously. Reseescned other personnel working
within the same laboratory or research groups nhmay e affiliated either to the

university itself or to one of these public instituns, therefore the allocation of their time
between researching and teaching may vary. Given etistence of such mixed

structures, we use the number of institutionalaeseers and the number of institutional

personnel in the laboratory to emphasize the effetsuch mixed research units.

We also look for the effects of the average ageexpearience of researchers in squared
terms to take into account their non-linear relatup with the dependent variable and
the number of defended PhD theses declared albioedtory for each survey to capture
the capacity of laboratories to consolidate knogédy turning PhD students in to
doctors. Finally, we control the effect of the duice field and the method of data
collection to capture the difference between tii@mation gathered before and after mid
2005.
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2.1 Effects of human resources on scientific research

Arranging the decomposition of human and fundingpueces plus all other variables
capturing the laboratory characteristics in thenfaf a pooled panel dataset drawn from
the ministry surveys of 1996, 2000, 2004, and 2008e a pooled panel data setting of
the typeyit = ait + X'fit + Uit given that the data constitutes a short, unbalapeeeé!
with regular intervals, with both T and N small;tkvn this frame and based on Collin
Cameron’s explanation on panel data methods foramionometrics (2009 , |
consider that the information in the panel is ndijsct to a comparison between fixed
and random effects given that for such short pdat (with T and N small) the estimate
of the constant term; cannot be consistently estimated and thereforleok& to use
population average models whetés purely randoml. performed two different types of
analyses; the first is a count data analysis oftoke& contributions given its nature of
count variable and the second is a log linear s=syoe for the analysis of fractional
publications given its nature of continuous vamaihese two analyses are modelled by

the following expression:

Yit = Mit = exp(xcB)eit
Wherey is the vector of total contributions of a givebdaatory to publications in peered
reviewed journalsx is the vector of total researchers in each cajegbrscientific

personnel and other control variablieis,an index denoting a specific research laboyator

or a specific individual researcher andenotes the period the observation belongs to.

The regression analysis on the role of human resswn collective scientific production
is based on the decomposition of the scientifispenel according to their rank/status
within the academic system, the institutional &ffibn of researchers within the
laboratory and other laboratory characteristics.aXgain therefore both, contributions
to publications and fractional publications, by tb&al number of researchers in each of
the following categories: senior, junior, PhD calade or post doctor, and assistants;

which allow writing the regression as follows:

13 Explanation based on: C. Cameron and P. Trilditioeconometrics Using Stata, Stata Pre2307.
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Contributions and/or Fractional publications=

exp (B + 2 Senior Researchegst Rz Junior Researcheis

+ 34 Doctoral and Postdoctoral Researchers 35 Staff Personngl

+R36 Institutional Researcherst 37 Institutional Personngl + 3 Defended Thesgs
+ RBo Ag€it + Rio Careefi: + R11 Matter Scienae + Ri2 Humanities

+ [3130ST data collection methg e

The correlations among laboratory composition \deis, reported in Table 2, show
positive linear relationships among most of thencegx the staff personnel, which
displays a negative and weak relationship witho#iler independent variables. This
observation is rather unexpected since one mayose@hat as laboratories are bigger in
terms of human resources, they would need to iseraa well their supporting staff for
organizational purposes in order to be more efiiigciaowever, in the present case the
inverse is observed, which suggests that youngexperienced researchers tend to
manage their own activities with little supportrfrestaff personnel; this addresses the
current debate on whether nowadays, experienceshnaers actually perform high
quality research or trade their research activitbesnanagement activities. In addition,
one may also note that the average age of researchthe laboratory also presents a
negative relationship with some variables sucthagunior, PhD’s and post doctors and
staff personnel, which is expected since as resessoyrow older they are promoted

towards the status of senior researchers.

Table 2 Correlations among laboratory composition variables

Senior Junior PhD and Staff Inst. Institutional PhD Age Career
Postdoc Resear ch. Per sonnel Theses inLab
enio 1
0 0.882¢ 1
PhD/Postdo 0.718¢ 0.700¢ 1
a -0.121«  -0.080: -0.058¢ 1
Resea 0.836: 0.783¢ 0.729: -0.076: 1
0.658: 0.650¢ 0.720: -0.074: 0.824: 1
PhD These 0.823¢ 0.833: 0.822: -0.067¢ 0.808: 0.697: 1
Age 0.036" -0.059¢ -0.054¢ -0.066: 0.061: 0.041: -0.017¢ 1
ab 0.241: 0.215: 0.127: -0.095¢ 0.225: 0.283: 0.202¢ 0.220¢ 1

2.1.1 Influence of human resources on total contributions to publications

As the model explaining the contributions to pudtiicns deals with a positively skewed

dependent variable defined by positive integers, dfarting point of the analysis is a
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comparison between a Poisson and a Negative Bihoragression of the total
contributions on the laboratory composition, folemhby a test of over dispersion of the

dependent variable to justify the choice betweeséhtwo models.

Since the Poisson model assumes equidispéfsidrthe dependent variable, the next
step of the analysis is to perform a test of ovgpersion following Cameron and Trievdi
(2005) to check whether or not the Poisson spedtifin is appropriate.

The test consists on assessing whether the nudthgpis representing the equidispersion
of the process assumed by the Poisson model hghiesh the alternative hypothesis:
Var(y|x) = E(y|x) + E(y|x).Such test is implemented by creating an over-diipertest
statistica, where:

Ho: a=0 againstHi: a0

Through the auxiliary equatiof(yit - Hi1)> — Ve ] / pic = a[pic® / Hid

Model1 Mode 2 Mode 3
Sum of contributions Sum of contributions Sum of contributions
over 2 years preceding over the2 years from 2 yearsbeforeto 2
the survey following the survey years after survey
Overdispersio a 0.1131*** 0.1284*+* 0.1120***
(0.0211) (0.0170)

(0.0164)

From the over-dispersion test we learn that thdficaent a is significantly different that
zero for all three models, implying that a Poissegression is not appropriate since it
does not take into account the over-dispersioh®fependent variable (in this case the
contributions to publications). The commonly usdtdrnative to the Poisson model for
our data is a Negative Binomial model, which takes account the over-dispersion of

our dependent variables.

In the case of the first assumption | suppose thatlaboratory composition has an
influence on the articles published during the gi@ars preceding each ministry survey.
The results obtained from the negative binomiatesgjon, detailed in Table 3, reveal
that the scientific production in life science ladtories is mainly driven by senior
researchers and we notice that the headcount efndsers affiliated to a research

institution different than the university (CNRS,3HRM or other) and the average career

14 Equidispersion is defined by an equality betwe®n variance and the expectancy of the dependent
variable given its explanatory variabl&&ar(y|x) = E(y|x).
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in the laboratory also present a significant infice on the expected log of the total

contributions to publications.

The exponentiation of the coefficients provide éissociate semi-elasticities which gives
us the incidence rate ratio of the explanatoryaldes on the expected outcome; in this
case this ration indicates an a increase of +2.@ilf#te total expected contributions for
each additional senior researcher in the laboratbolding all other variables equal—;
while in terms of institutional affiliation, a pdisie variation of one researcher affiliated
to a research institution different than the ursitgirepresents an increase of +3.61% and
that of an additional institutional personnel resarets a small decrease of -0.58% of the
total expected contributions; moreover, the casfacts represent a slight increase of
+0.09% for each additional year in the averageerané researchers in the laboratory.
These results mean that within the mixed struatfiresearch laboratories, increasing the
presence of researchers with an institutionaliaffdn different that the university is
associated with a higher scientific output. Theseilts are coherent with previous works
indicating that researchers with increased acadeivligations produce less scientific
output than researchers who do not have to sptir ime between pure scientific

research and teaching activities.

In case of our second assumption, where the lafmyrabmposition has an influence on
the articles published during the two years follogvthe ministry survey, | noticed that
senior researchers, PhD’s and postdocs as wedlsastant researchers have a significant
and positive impact on the total count of contridm$ to publications performed by

researchers working for a laboratory of the unigrs
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Table 3 Regression results for the research output explained by
laboratory composition
Model 1 NB Model 2 NB Model 3NB Moded 1 Model 2 Mode 3
LogLinear LogL inear LogLinear
Explanatory Variables Sum of Sum of Sum of Sum of Sum of Sum of
contributions | contributions | contributions fractional fractional fractional
over 2years over the2 from2years | publications publications publications
preceding years beforeto 2 over 2years over the2 from 2 years
the survey following the years after preceding years beforeto 2
survey survey the survey following the years after
survey survey
Senior 0.0287** 0.0379*** 0.0333*** 0.0359*** 0.0421*** 00397***
(0.0128) (0.0129) (0.0127) (0.0112) (0.0115) (0.0118)
Junior -0.0032 -0.0014 -0.0015 0.0071 0.0074 0.0088
(0.0089) (0.0081) (0.0084) (0.0082) (0.0090) (0.0096)
PhD and Postdoc 0.0023 0.0039** 0.0030* 0.0065** 0.0078*** 0.0083**
(0.0020) (0.0017) (0.0018) (0.0027) (0.0026) (0.0028)
Staff 0.0934 0.1377* 0.124 0.0164 -0.0087 0.0271
(0.0867) (0.0770) (0.0816) (0.0787) (0.0947) (0.0832)
Inst. Researchers 0.0355*** 0.0280*** 0.0316*** 0.0306*** 0.0257*** 0.0278***
(0.0080) (0.0069) (0.0072) (0.0072) (0.0066) (0.0069)
Inst. Personnel -0.0058** -0.0041* -0.0050* -0.0110%*** -0.0092*** 0.0115***
(0.0027) (0.0024) (0.0026) (0.0026) (0.0027) (0.0028)
PhD Theses 0.0075 0.0001 0.004 0.0001 -0.0051 -0.0033
(0.0069) (0.0059) (0.0063) (0.0056) (0.0057) (0.0062)
Age 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
(0.0002) (0.0001) (0.0002) (0.0002) (0.0002) (0.0002)
Career in Lab 0.0009** 0.0003 0.0006 0.0008** 0.0001 0.0008*
(0.0004) (0.0004) (0.0004) (0.0004) (0.0006) (0.0004)
Data Method 0.3151* 0.2349* 0.2925*** 0.1094 0.0147 0.172
(0.1265) (0.1057) (0.1133) (0.1431) (0.1386) (0.1496)
Matter Science -0.0941 0.0444 -0.0344 0.0935 0.2679*** 0.1256
(0.1047) (0.0933) (0.0964) (0.1092) (0.1003) (0.1009)
Humanities -2.6731%* -2.0584*** -2.3563*** -1.7631*+* -1.2960** -2.0428***
(0.2278) (0.1886) (0.1955) (0.1892) (0.2112) (0.2685)
Life Science (constant) v yiisd 3.4570*** 4.2728*** 1.6114%* 1.6821*** 2.5507***
(0.3830) (0.3360) (0.3510) (0.3697) (0.3716) (0.3969)
256 256 256 245 248 252
0.6521 0.6142 0.6751
38.4084 34.2708 33.689
0.6623 0.6866 0.7019
401.7395 420.7193 425.6299
-1286.0299 -1319.0559 -1536.515 -239.9987 -251.9696 -261.6915
2598.0598 2664.1118 3099.03 505.9973 529.9393 839.3
2644.1471 2710.1991 3145.1173 551.5137 575.6138 595.2656
Standard errors in *p<0.1 **pn <0.05 ***n <0.001
parentheses

The incidence rate ratios of these explanatoryabées show respectively an increase of
+3.86%, +0.39% and +14.76% in the expected corttabs associated with the variation

of one unit of these researchers. These resultsfgparticular interest for the present
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work given that they provide evidence that scientiésearch is driven not only by senior
researchers, but also by very young researchergeahdical staff or personnel, which as
we may recall is the core of our analysis. In teohsstitutional affiliation, a positive
change of unit in the count of institutional resd@rs represents an increase of +2.83%
of the expected contributions, while a similar &dn in the count institutional personnel
is associated with a decrease of +0.41% expectatilmations, which indicates that the

presence of more institutional researchers is &golcwith higher scientific output.

In the case of our third assumption, where | suppbat the laboratory composition has
an influence on the total contributions performedtiy a four year span around the
ministry survey, | found out that only senior resbars and PhD’s and post doctors
explain the scientific output with positive and refgcant impacts associated with a
respective increase of +3.38% and +0.3% in the @rgdeoutcome for each additional
unit in their counts. . This main result corrobesatour proposition that scientific
production in research laboratories does not oely on senior and experienced

researchers, but also on younger and inexperienesl

The institutional affiliation of researchers alsegents positive and significant effects,
while the effects of the institutional affiliatiasf personnel are significant and negative
with an associated increase of +3.2% and a dec#a®e5% of the total contributions

respectively for each additional unit in their heaahts.

Finally, one may notice that for all three differ@models, laboratories in the social and
human sciences present lower counts of contribsitvath a decrease ranging from -
87.1% (model 3) to -93.3% (model 2) in the expeatetbut with respect to those
laboratories in the life sciences; these resultseapected given that laboratories in the
life sciences do present higher output volumes reisipect to those in the social sciences,
hence the negative semielasticities associatedalboratories in social and human
sciences. Furthermore, our indicator for the changie data collection method (for
publications from mid 2005 on) does present a 8aamt positive effect on the output
indicating higher contribution counts after changethe method. This particular shows
that differences in the procedures used to masgarehers and publications do influence
the statistical analysis which calls for compamtigsearch on the differences of analyses
with same-period data collected using a researihpublication matching direction on

one hand and using a publication-to-researchecttbre on the other; unfortunately, in
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our case data was collected according to a ressaratpublication for the first three
guarters of the period and to a publication-to-aesleer for the latest quarter.

2.1.2 Influence of human resources on total fractional publication counts

The analysis of the total sums of fractional pudien counts of the laboratories allows
us to determine the impacts of the laboratory casitjpm on the actual shares of
publications attributed to members of the univgrddboratories instead of single
contributions, which provides a more complete eatidun of the production capacity of
research laboratories by the efforts of individiesearchers. Since | deal in the present
case with a continuous positively skewed variabferform a log linear regression with
robust errors, hence modelling the effects of tk@amatory variables on the expected
logs of the sum of publications shares. The redudts these regressions (models 1, 2
and 3) are reported in the second half of TableBgthe results from the regression of

contributions to publications.

In the case of our first assumption (model 1), ¢hasalyses show there are significant
and positive effects from senior researchers ardlPand postdocs; the incidence rate
ratio for these variables obtained through the agptiation of their coefficients indicates
the that an increase on one unit in either of tliasegories —holding all other variables
equal- is associated with an increase of +3.65% #h@85% in the expected total
fractional publication counts of the university dahtories. Additional units of
institutional researchers and institutional persbrare respectively associated with an
increase of +3.1% and a decrease of -1.1% fradtmradications. The average career of
researchers in the laboratories also presentdismi and positive effects for models 1
and 3.

In the case of our second assumption, we noticeg sienilar results concerning the
effects of laboratory composition —positive andngigant for senior researchers and
PhD’s and post doctors, with respective increase<t 3% and +0.78% in the expected
outcome associated with variations of one unihgirtheadcounts—. Also similar results
were found concerning the institutional affiliatiohresearchers and personnel with an
increase of +2.8% in the expected outcome for @alchtional institutional researcher
and a decrease of -1.14% in the expected outcomedch additional institutional

personnel.
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In the case of our third model, we also found pesiand significant effects of senior
researchers and PhD’s and postdocs in terms afdtdyy composition (+4% and +0.88%
associated increase in the expected outcome resgggtpositive and significant effects
for institutional researchers (+2.8% associateceimee), negative and significant effects
for institutional personnel (-1.14% decrease) aositive and significant effects for the
average career of researchers in the laboratory.

We may also notice that for all three models, labmies in the social and human sciences
present statistically lower fractional publicatiomgh respect to those laboratories in the
life sciences, ranging from -72.6% (model 2) t0.986 (model 3) lower counts. Only in
the case of our second model we found significfiects of laboratories in the matter
sciences, with higher expected fractional publaagicounts of +30.7% with respect to

laboratories in the life sciences.

As a conclusion of these two different analysethefeffects of laboratory composition
on the expected scientific output we may distingugenior researchers and PhD’s and
post doctors as main determinants of this prodaoctim terms of laboratory
characteristics, we found that higher numbers rebess affiliated to a non-academic
research institution like CNRS or INSERM are assmd with a higher expected
production while the same is not true for highembers of personnel affiliated to these
institutions; in addition, we found there are sfgaint career effects in the laboratory
although no evidence of age effects were found regither were found effects of the
laboratories’ capacity to produce doctors or yorgsgarchers since the count of defended
theses did not present significant effects.

The use of two different analyses (contributions goblications and fractional
publications) allowed me to study the phenomenaaimore robust manner and
understand the process better since they rely tiareht mathematical process and

different definitions of the dependent variabld@kpws:

» Contributions to publications as count data treabsthg a Negative
Binomial process.
* Fractions of publications as continuous data tckaising a Log Linear

process.
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These two different analyses provide very simigults, which indicates they are robust
and reliable, shedding light on the influence ataie laboratory characteristics on the

process of collective scientific production.

2.2 Effects of funding sources on scientific research

In the present subsection | switch my attention famaeds on the influence that different
funding sources of research laboratories may havker scientific output. The objective
here is to explain the scientific output of resbataboratories not only by their

characteristics but also by a decomposition ofr thugiding structure.

For this purpose, | use as independent variablesathount of regional funding from
regional organisms, European funding from Europs@uactural programs regarding
scientific research, public funding from public tihgtions such as French ministries,
public investment banks and some project-basedvalioes, private funding from
contracts with private organisms, licensing aneépaéxploitation and finally, recurrent
public funding which comes essentially from puladiganisms associated to the research
laboratories such as CNRS and INSERM and is rersgdtevery four years (nowadays

five years) based on the ministry surveys.

In addition to the decomposition of the fundingusture, | also use laboratory
characteristics as explanatory variables in thesgremodels such as the number of
institutional researchers and personnel, the nuoidefended theses, the age and career
of researchers and the total size of the laboratoigrms of human resources, controlling

for the laboratory disciplinary field and the datdlection method.

Let us recall that the dependent variables (comiiobs to publications and fractional
publications) are non-normal and positively skewethjch suggest they should be
modelled according to the equatign = Hi: = exp(x:'B)eit, with the resulting model

being represented as follows:
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Contributions to publications=

exp (B + 3 Regional Funding + 33 European Funding+ 34 Private Funding

+ 35 Public Funding: + 3¢ Recurrent Public Funding+ 37 Sizet

+ g Institutional Researchefst Ry Institutional Personngl + RioDefended Thesas
+ R11 Ag€i + Ri2 Careefis + 13 Matter Scienae + R14 Humanities

+ 315 OST data collection methg e

Table 4 Correlations among laboratory-funding and other characteristics

Reg. Eur. Private Public Recurr. Size Inst. Inst. PhD Age Car.
Funds Funds Funds Funds Public Res. Prs. Theses in
Funds Lab
Regiona 1
d
opea 0.175¢ 1
d
P d 0.146¢ 0.47: 1
Pub d 0.542¢ 0.136: 0.278: 1
Re e 0.460° 0.096¢ 0.034: 0.376¢ 1
Pub d
0.512¢ 0.022¢ 0.057¢ 0.415¢ 0.870¢ 1
0.447¢ -0.035¢ 0.025% 0.262: 0.881¢ 0.930¢ 1
0.384¢ -0.099: -0.004¢ 0.328¢ 0.790° 0.921: 0.875: 1
P 0
PhD These 0.538¢ 0.023: 0.091: 0.408¢ 0.819¢ 0.931: 0.871: 0.786: 1
Age -0.1441 0.065¢ -0.003: -0.258¢ 0.073 0.087: 0.175¢ 0.0627 0.005: 1
o -0.142¢ -0.093t -0.1587 -0.057: 0.05: 0.216: 0.219¢ 0.294: 0.181: 0.16% 1

The correlations among these variables report@dliate 4 show that relationships among
different types of funding and among different lediory characteristics are positive;
what is interesting to point out is that fundingyntisplay negative relationships with
some laboratory characteristics; indeed, regigmralate and public funding decrease as
the average age and career in the laboratory iseseauggesting that these types of
funding serve teams of young researchers in pyiorlbh addition we may notice that
while both institutional researchers and persommelhighly correlated with recurrent
public funding, their correlation with other typeisfunding, specially European funding,
IS negative suggesting that recurrent public fugairay crowd-out other types of funding
in research structures where the intensity of mebeas with an institutional affiliation
different than the university (CNRS, INSERM or athis important.
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2.2.1 Influence of different funding types on contributions to publications

The results from the analysis of the impact of fagdn the scientific production shown
in Table 5 indicate that in the case or our firgtdel, there are positive and significant
effects from the public funds obtained by resedatioratories of the university. An

additional resource of a thousand Euros of pubinding is therefore associated with a

slight increase of +0.05% of the expected contrims counts of the laboratory.

Regarding our second and third models, we foundipessignificant effects of public
funding with an associated increase of +0.03% ewplecontributions to scientific
publications, in both models, for each additioredusand Euros allocated to research

projects a given laboratory.

In this analysis and across all three different el®af aggregation it is important to
recognize that, we found very similar and significaffects from other explanatory
variables representing laboratory characteristich @s the total number of researchers
in the lab (size), the total number of institutibresearchers (CNRS, INSERM or other),
the number of defended theses and the average dlge llaboratory. In fact size effects
are negative and represent a decrease of -1.26%5%0 and -0.89% expected
contributions for models 1, 2 and 3 respectivdiys findings indicate that the scientific
production in research laboratories presents dsicrgaeturns to scale, with bigger

laboratories producing relatively less.

Positive effects were found in the case of thatutsinal affiliation of researchers in the
laboratory, with an associated impact of +7.66%,66% and +6.39% expected
contributions for each additional institutional @ascher in the laboratory for our three
models respectively, as well as positive averagerktory age effects associated with an
increase of +0.07%, +0.05% and +0.06% expectedibatibns. In addition, we found
for the first time in our different analyses on gwogentific productions significant effects
from the number of defended theses during a giesiog with an associated increase of
+3.2%, +1.25% and +2.2% expected contributions @tsodl, 2 and 3). These results tell
us that laboratories with more researchers devimtednduct solely research activities
perform better than those laboratories with moseaechers splitting their time between
teaching and researching; in addition, these eslto suggest that those laboratories

with a higher capacity to turn PhD students intangresearchers perform better.
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2.2.2 Influence of different funding types on fractional publications

We now focus our interest on the effects of diffieiorts of funding on the actual amount
of publications shares produced by research lateat of the university. The results
form the log linear regressions reported in Tablehbw that in the case of our first
assumption, public funding also plays an importateé as determinant of the scientific
research with positive significant effect and asoagates increase of +0.06% expected
publications shares for each additional thousarrd€available for scientific research in
the form of public funding. Results are also simifathe case of our second and third
assumptions on the aggregation of scientific outptit an associated increase of +0.04%
expected share in the case of model 2 and of +0i@58te case of model 3 for each

additional thousand Euros of public funding.
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Table 5 Regression results for research output exp  lained by laboratory

funding
Model 1NB | Model 2NB Model 3NB Mode 1 Model 2 Mode 3
LogLinear L ogL inear LogLinear
Explanatory Variables Sum of Sum of Sum of Sum of Sum of Sum of
contribution | contributions | contributions fractional fractional fractional
sover 2 over the2 from2years | publications | publications | publications
years years beforeto 2 over 2years over the2 from 2 years
preceding following the years after preceding the years beforeto 2
the survey survey survey survey following the | yearsafter
survey survey
Regional Funds -0.0006 0 -0.0003 -0.0007 -0.0004 -0.0005
(0.0007) (0.0004) (0.0005) (0.0008) (0.0007) (0.0007)
European Funds 0.0002 0.0001 0.0001* 0.0002 0.0001 0.0001
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Private Funds 0 0.0001 0 0 0 0
(0.0001) (0.0001) (0.0001) (0.0001) (0.0002) (0.0001)
Public Funds 0.0005*** 0.0003*** 0.0003*** 0.0006*** 0.0004** 00005***
(0.0001) (0.0001) (0.0001) (0.0002) (0.0002) (0.0001)
Recurrent Public 0 0 0 0 0 0
Funds (0.0001) (0.0000) (0.0000) (0.0001) (0.0001) (0.0001)
Size -0.0127*** -0.0065*** -0.0089*** -0.0104*** -0.0049 -0.0067**
(0.0032) (0.0018) (0.0019) (0.0037) (0.0034) (0.0030)
Inst. Researchers 0.0739%** 0.0551*** 0.0620%*** 0.0698*** 0.0501*** 0.0569***
(0.0128) (0.0071) (0.0083) (0.0120) (0.0108) (0.0093)
Inst. Personnel 0.0002 -0.0009 -0.0011 -0.0041 -0.0051 -0.006
(0.0028) (0.0024) (0.0026) (0.0044) (0.0044) (0.0042)
PhD Theses 0.0317*** 0.0125%** 0.0220*** 0.0291*** 0.0147* 0.@15%**
(0.0083) (0.0044) (0.0053) (0.0088) (0.0077) (0.0069)
Age 0.0007*** 0.0005*** 0.0006*** 0.0007** 0.0007* 0.006**
(0.0002) (0.0002) (0.0002) (0.0003) (0.0003) (0.0003)
Career in Lab 0.0007 0.0003 0.0006 0.0017* 0.0015 0.0021*
(0.0008) (0.0008) (0.0008) (0.0009) (0.0012) (0.0009)
Data Method 0.6788*** 0.3892%** 0.5459%** 0.6247* 0.3827** 05250%**
(0.1639) (0.0836) (0.0928) (0.2212) (0.1797) (0.1701)
Matter Science 0.1436 0.4788*** 0.2509* 0.3491* 0.7284*** 0.4367**
(0.1463) (0.1307) (0.1387) (0.1835) (0.2450) (0.2025)
Humanities -2.3544*+* -1.0247*+* -1.6975*** -1.6688*** -0.6192 -1.2649***
(0.3909) (0.3900) (0.3315) (0.3195) (0.5808) (0.3870)
Life Science 1.9451%** 2.3935%** 3.1730%** 0.179 0.2679 1.3097
(constant (0.5846) (0.5486) (0.5870) (0.7225) (0.9823) (0.8303)
40 40 40 40 40 40
0.8967 0.8246 0.8748
24,9818 8.8952 22.0675
0.4474 0.5305 0.4585
771.8891 710.0882 1005.548
-221.8817 -227.2589 -261.7496 -15.1811 -22.0014 -16.1665
473.7634 484.5178 553.4991 60.3621 74.0028 62.3331
499.0966 509.851 578.8323 85.6953 99.336 87.6662
Standard errors in *p<0.1 **p <0.05 ** p <0.001
parentheses

Furthermore, one may also notice that in the ptessgressions there are significant
effects from other variables such as size effecksch are negative with an associated
decrease of -1.03% expected outcome in model 1-@66% in model 3 (although no

significant size effects are found in the case oflet 2; this confirms the results from the
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previous subsection (funding on contributions tblmations) where decreasing returns
to scale were found; these findings are in accatld thre notion that the smallest research
laboratories are the most productive (Adams andli¢hes, 1996; Bonaccorsi and
Daraio, 2003).

Moreover, positive effects were found for the igtonal affiliation of researchers with
an increase of +7.2%, +5.13% and +5.85% expectblications shares for models 1, 2
and 3 respectively. The overall defended theses ayeriod of four years declared in
the ministry surveys also present significant pesieffects with an increase of +29.5%,

+14.8% and +21.7% expected shares across ourrtiodels.

In addition, one may notice that positive averagge effects are found in all three models
of aggregation, with associated increases in tipeeed outcome of +0.07%, +0.07%
and +0.06% in the case of models 1, 2 and 3 raspgtas well as positive average
career effects in the case of models 1 and 2 faclwadditional years of experience in
the laboratory present a respective increase df7$0.and +0.21% expected publications
shares; which indicates that as researchers grev ahd obtain more experience within

a given laboratory, this laboratory benefits frdmit seniority with increased outcome.

These results are follow the idea that the aveaggeof researchers in laboratories has an
influence on the attractiveness of the institutowl its scientific prestige which induces
a virtuous cycle in which young researchers amaetttd to the institution (Bonaccorsi
and Daraio, 2003). Finally, as expected, laborasom the human and social sciences
present a much lower expected production with r&sigethose laboratories in the life

sciences, while those in matter sciences presghehexpected shares.

2.3 Influence of laboratory characteristics on research
quality

The objective of the present section is to stuayetiects of laboratory composition and
funding on the quality of the research output penied by researchers affiliated to
laboratories of the university. For this purposasdal on Mairesse and Turner (2002) |
used the average and the median impact factorl giear-reviewed journals in which
members of a laboratory published their researéhrasasure of research quality. These

average and median impact factors were definedrdicgpto the three assumptions on
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publication aggregation | made based on the relakip between researcher-turnover in
the laboratories and their output, which were dedaat different points in time and

needed certain assumptions on their accountaBility

Similarly to the analysis of the determinants daideatory output, the analysis of research
qguality in the laboratory is based on an empirstaldy on the effects of laboratory

composition in terms of human resources, on thelare, and of different types of

funding on the other; although in addition to thegplanatory variables mentioned in the
analysis of scientific production, | decided tolud®e in the present analysis the effects
of an aggregated lagged scientific production bbtatories and the respective lagged
quality to take into account the dependencies sf¢aech quality of these organizations

on their past performance reflecting learning e@ffec

This lagged production is defined by the publicagiosigned by members of the
laboratory during a period covered in between y®ars to two years prior to the ministry
surveys and the respective average and/or medjaecinfactor of journals in which they

were published, therefore creating an aggregafioesearch production and quality over

a period of three years lagged by two years padhé surveys.

In fact, a parallel may be established with Artlii®94) who stresses the idea that
technology and social context generate increasatgrnis. He states that knowledge
gained in the operation of complex systems lead$igher returns from using it;
therefore, | may state that as scientists deepem tesearch works, repetition and
learning effects allow them to produce new outpatereffectively increasing the return
of research laboratories.

The dependent variables in this analysis, the ge#én@edian impact factor of laboratory
research, as depicted in the Set of Figures 13gptdhe characteristics of continuous

non-normal variablé§, with a slight positive skewedness. These charatits suggest

15 et us recall that independent variables were measaccording to three different assumptions:

e The personnel declared in a given survey have hatportant influence on the laboratory
contributions and publications during the previows years.

* The personnel declared in a survey have an inflienche contributions and publications
during the two years following it.

e The personnel declared in a survey have an infeiemt the contributions and the
publications of the laboratory during a range ob tyears before to two years after the
survey.

16 According to Shapiro-Wilk tests performed on thesgables, the null hypothesis of normality isgd
for all of them at the 1% threshold.
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that research quality should be regressed on thlmatory variables discussed above

using a log-linear model of the tyge= Hit = exp(%’'3)eit defined as follows:

Average/Median Impact Facter=

exp (3 + [}z Senior Researcheggst 33 Junior Researchers

+ 34 Doctoral and Postdoctoral Researchers 35 Staff Personngl

+36 Institutional Researcherst+ 37 Institutional Personnegl + 3g Defended Thesgs
+ RBo Ag€i: + Rio Careefi; + R11 Lagged Contributions + Ri2Lagged Quality

+B313Matter Science + 314 Humanities: + 315 OST data collection methqd &it

Kernel density estimate Kernel density estimate

10 0 5 10 15
Median Impact Factor Over 2 Years Following Survey

Kernel density estimate

Normal density
kkkkk = epanechnikov, bandwidth = 0.3733 kermel = epanechnikov, bandwicth = 0.4101

Kernel density estimate

o

é 2 4 6 8 10
Median Impact Factor Over 2 Years Preceeding and Following Survey

Kernel density estimate

Normal density

kemel = epanechnikoy, bandwicth = 0.4234.

Set of Figures 13 Density of median impact factors against normal
density

Please note that the results discussed in thieesiil focus on the effects of laboratory
composition and funding on the median impact fasfdne research performed, although
both average and median impact factors were matiéfier simplicity reasons | decided
to focus on the results on the median impact fdatoit seems to be a more informative
measure; indeed in the present case, the aggreiggadt factor of the publications in
which the university researchers publish preseosstipe skewedness with its median
being lower than its average. Therefore, the aggeegmpact factor is asymmetric, with

fewer publications being published in journals witgher impact factors.

90



Chapter 3: Determinants of Scientific Reskar

2.3.1 Effects of laboratory composition on research quality

On the present subsection, | study the effectalmddatory composition on the median
impact factor of publications; the results from #malysis, reported on Table 6, show that
guality of research has not much to do with labmsatomposition but rather laboratory

past performance.

In the first model (publications 2 years prior ke tsurvey), senior researchers display
negative and significant effects with an associatecrease of -1.78% in the expected
median impact factor of the publications in whiam@mber of the laboratory participates,
whereas no other effects from any other kind ofaesher proves to be significant in this
model. This result suggests that research qualitg iaboratory presents decreasing
returns to scale in the category of senior reseaschvhich is counterintuitive given that
one may think that as more experienced researev@istogether the expected quality
should be greater. Compared with the results optbeious section, where | studied the
effects of laboratory composition on collective mutt this particular result opens the
question of whether the scientific output in quigris merely driven by senior researchers
because of reputation and management featurese wial scientific quality is actually
driven by the efforts of technical staff (PhD’s gmukt doctors).

On the other hand, the quality of the publicatitmsvhich members of the laboratory
contribute are clearly influenced by the presentenstitutional researchers in the
laboratory with an associated increase of +1.67fpeebted median impact factor of the
laboratory publications for each additional reskaraffiliated to the CNRS, INSERM
or other research institution different than thavarsity; these results confirm that
laboratories with more research oriented sciengistform better than laboratories with
more scientists split between teaching and resgayectivities. In addition institutional
non-research personnel present the opposite effeithsan associated slight decrease of
-0.47% in the expected median impact factor fohezfcsuch additional staff. We also
found positive and significant average age effattthe laboratory with an associated
increase of +0.03% in the expected median impaxtbifador each additional year of
average age, which means that as researchers {ptatiaratory teams grow older, the

quality of the collective research increases.
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It is important to highlight that research quaties depend on past performance. Indeed,
we found in the present model significant effectsnf the past scientific production
measured by the sum of contributions to scienpfiblications during the three years
preceding a lag of two years counted from the péaninistry survey. This lagged sum
of contributions presents positive effects withamsociated increase of +0.05% in the
current median impact factor of the laboratoryHigher counts of contributions produced
during the period-5 to t-2 years counted from the ministry survey. Furtheemohe
quality of these lagged contributions also prespotstive and significant effects on the
current median impact factors with an associatetlG4®% higher current median impact
factor for each point of past median factor reachBus particular result provides
evidence that the trajectory of scientific qualitypur case measured by the impact factor
of peer-reviewed journal in which the output is lmhed, is path dependent. This can be
interpreted as a process in which choices are mesdarchers regarding the journals in
which they want to have their output published whbposts their efforts eventually
succeeding in their objectives of publishing inrjoals with a given impact factor; if the
process is dynamic we may infer that member ofaheratory may wish to maintain the
level of quality of their research. The process jus described presents a sensitive
dependence on initial conditions where informat®mmperfect, that is, the choice of
journals may not always be optimal and it will bepossible to know if a chosen
trajectory is inferior to another possibility. Aaosing to publish in journals of higher
impact factor is associated with increased futuwality we may infer that scientific
guality falls into the category of second degreth papendence (Liebowitz and Margolis,
1995) where sensitive dependence on initial camaitieads to outcome that may not be

inefficient given the limitations on prior knowleel@f choices.

Concerning our second model where the laboratorgraciteristics influences the
scientific quality of output performed during tiveat years following the ministry survey
we found significant effects from two kinds of suiéic researchers. In fact, junior
researchers present significant negative effectsesaarch quality with an associated
decrease of -1.58% median impact factor pointe&mh additional junior researcher in
the laboratory. This result is rather expected mjitleat junior researchers rarely count
with a strong capital of reputation, compared ws#mior researchers, and this may
explain why increasing the number of juniors mafgetfthe aggregated impact factor

indicator of research laboratories.
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On the other hand, it is interesting to find thetlB and postdoctors present significant
positive effects on quality with an associated éase of +0.33% median impact factor
points for an additional young researcher. A pdesgyplanation for such result is that
research assistants work with senior researcheds bamefit from their capital of

reputation.

Institutional effects on quality from scientistsileited to a public research organization
like CNRS or INSERM were found, with an associaethi-elasticity of +1.62% median
impact factor points for each institutional reséaran the laboratory. On the other hand,
the effects of institutional non-research persordisplays a negative effect with an
associated semi-elasticity of -0.35% impact fagoints for each of these staff. These
findings confirm the notion according to which rassh laboratories benefit from full
time researchers rather than part time researelterfiave to trade between teaching and

research activities.

In addition, previous research production and ¢yalieasured in lagged contributions to
publications and their respective median impactofacalso present significant and
positive effects on the current quality of laboregs. Their associated semi-elasticities
show there is +0.06% higher median impact factamtpdor higher past production and

+22.27% for better past quality.

Regarding our third model, according to which laory characteristics and past
performances has an impact on the scientific prioolu@nd quality during the four years
around the ministry survey; we found that all thoa¢egories of scientific researchers
present significant effects on research quality. W&y notice here how both senior and
junior researchers present negative impacts withsanciated decrease of -1.15% and
-1.16% median impact factor point for each adddlosenior and junior researcher
respectively, while PhD’s and postdoctors presasitive effects with an associated
increase of +0.3% median impact factor points fwheadditional young researcher. |
draw your attention on the fact that both seniat @mmior researcher turned out to have
negative effects on research quality, which seentetcounter intuitive; one may point
out that accessing a higher status within the anadsystem does not necessarily mean
performing better. Not all senior researchers pcedoutstanding science, and this
proposition calls for further investigation on #wentific quality of these individuals.

These are contrasting results that let us imagma¢ &s senior researchers become

distracted with management activities targeted tdwaaising competitive funding their
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younger collaborators, meaning PhD students antduoxdors, follow their guidelines
and eventually become responsible for the resezaied within the team at a technical
level. This proposition could be tested if only Wwad nominative information on the

PhD’s and post doctors and the publications thgwy.si

The researcher institutional affiliation also prasesignificant positive effects on
research quality with an increase of +1.62% medmpact factor points for each
affiliation to the CNRS, the INSERM or other pubt@search institution different than
the university, which confirms that research labanias benefit more from researchers
who are committed to perform research on a fulktimasis rather that from researchers
who have to share their time between teaching aséarching activities; however, as
noticed in the previous models, non-researcheropersd affiliated to a research

institution present significant negative effectsresearch quality.
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Table 6 Regression results for research quality ex

plained by laboratory

composition
Median Median Median Average Average Average
Impact Impact Impact Impact Impact Impact
Factor over 2 | Factor over Factor from | Factor over 2 | Factor over Factor from
years the 2 years 2years years the 2 years 2years
preceding the | following the beforeto 2 preceding following the beforeto 2
survey survey years after the survey survey years after
survey survey
enio -0.0180** -0.0061 -0.0116* -0.0145** -0.0037 -0.009
(0.0079) (0.0081) (0.0068) (0.0068) (0.0074) (0506
0 -0.0029 -0.0160*** -0.0117** -0.0078* -0.0168*** -0.0130***
(0.0055) (0.0058) (0.0048) (0.0044) (0.0045) (0803
PhD and Postdo 0.0027 0.0033** 0.0030** 0.0011 0.0005 0.0011
(0.0018) (0.0016) (0.0015) (0.0018) (0.0018) (0mo1
a 0.0045 0.0234 -0.0153 -0.0227 0.0315 -0.0181
(0.0285) (0.0198) (0.0243) (0.0280) (0.0206) (08)23
Researche 0.0166*** 0.0161** 0.0161*** 0.0157*** 0.0152*** 0.0150***
(0.0058) (0.0064) (0.0057) (0.0048) (0.0057) (0904
Personne -0.0048*** -0.0036*** -0.0040*** -0.0044*** -0.0028*** -0.0036***
(0.0011) (0.0012) (0.0011) (0.0011) (0.0010) (0mo1
PhD These -0.0026 -0.0061 -0.0057 -0.0009 -0.0012 -0.0019
(0.0042) (0.0038) (0.0038) (0.0040) (0.0032) (0103
Age 0.0003** 0.0001 0.0001 0.0002** 0.0001 0.0001
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0mo0
ee ab 0 0 0 0 0 0.0001
(0.0002) (0.0003) (0.0002) (0.0002) (0.0003) (000
agged Publicatio 0.0005* 0.0006** 0.0007*** 0.0006** 0.0005** 0.0006***
(0.0003) (0.0003) (0.0003) (0.0002) (0.0003) (000
gged Media 0.2550*** 0.2011*** 0.2262***
na (0.0288) (0.0249) (0.0255)
agged Average 0.2132%** 0.1720*** 0.1880***
03 (0.0170) (0.0217) (0.0167)
Da ethod 0.1380* 0.2729*** 0.2460*** 0.2221*** 0.2242%** 0.2233***
(0.0818) (0.0762) (0.0700) (0.0640) (0.0691) (0160
e ence -0.1663** -0.1031* -0.1332** -0.1352** -0.0572 -0.1174**
(0.0654) (0.0604) (0.0530) (0.0594) (0.0648) (054
anitie -0.5082** -0.3817** -0.2051 -0.2851* -0.2006 -0.1315
(0.2155) (0.1763) (0.1608) (0.1497) (0.1589) (0236
e Science -0.3511 0.2612 0.1108 -0.0397 0.3811 0.3042
0 (0.3046) (0.2794) (0.2416) (0.2482) (0.2774) (0835
167 171 171 167 171 171
0.7045 0.688 0.7473 0.7748 0.6906 0.7768
21.8971 28.7789 29.1558 30.39 20.2403 28.6391
e 0.3478 0.3343 0.2994 0.2944 0.3197 0.2734
-52.749 -47.4345 -28.5643 -24.8936 -39.7813 -131061
3 135.498 124.869 87.1287 79.7871 109.5626 56.1227
b 182.2679 171.994 134.2536 126.557 156.6876 103.247
andard erro *p<0.1 *»*p<0.05 **p<0.001
narenthese

r7

One may also notice that past research and quubsent positive significant effects on

the current quality with an associated semi-elagtimf +0.07% median impact factor

points for higher contribution counts producedha past and +25.38% if such research

reached higher median impact factor points as Whkse results confirm that the quality
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of scientific output in research laboratories ithp#ependant and that learning effects are

present in the process.

Finally, attention is drawn on the fact that boémisr and junior researchers present
negative effects on research quality, implying thatstatus within the academic system
does not necessarily affect the quality of scientésearch. Not all senior researchers
produce outstanding science and compared withtseBom previous sections we may
infer that quantity of publications primes over lifyaof publications; this calls for further

investigation on the behavior of trade off betwpemducing more and producing better

for some young and senior researchers.

2.3.2 Effects of laboratory funding on research quality

We now focus our attention on the effects of défertypes of research funding on the
median impact factor of the university laboratoriésllowing an analogous analysis as
in the previous section, the results from the finstdel, reported on Table 7, shows that
regional and private funding present positive gigant effects on research quality with
an associated semi-elasticity of +0.16% and +0.08%ian impact factor points for each

thousand additional Euros of allocated under e&these forms respectively.

However, public funding seems to present negatigrifscant effects implying that
higher public fund allocations are associated \ather quality of scientific production.

It is interesting to notice that in the previoustg® on the influence of funding sources
on scientific production we had found that publimds presented positive effects,
implying that as public funds available to the ledgory increase, the volume of scientific
publications increases as well; those results ashwith results in the present section on
the influence of funding sources on the qualitg@éntific publications mentioned above,
which tells us that even though this type of puhlitding help laboratories produce more,
it does not necessarily help them perform bettkesg results let us believe that national
public funding is associated with more output butather poor quality. The contrast
between the effects of private and public fundindigate that while national public
funding boosts the research output, the researalityjis boosted by private competitive

sources of funding.
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Table 7 Regression results for research quality exp

funding and other characteristics

lained by laboratory

Regiona d
opea d
Private d
Pub d
Re ent Pub
d
Reca e
a
Personne
PhD ace
A.-
aree ab
agged Publicatio
agged edla
oF
agged Average
oF
Data Method
atte ence
q o
0 a
a
b
andard erro

Median Median Median Average Average Average
Impact Impact Impact Impact Impact Impact
Factor over 2 | Factor over Factor from | Factor over 2 | Factor over Factor from
years the 2 years 2years years the 2 years 2years
preceding the | following the beforeto 2 preceding following the beforeto 2
survey survey years after the survey survey years after
survey survey
0.0016** 0.0012 0.0011 0.0014** 0.0007 0.0008
(0.0007) (0.0008) (0.0008) (0.0006) (0.0007) (0800
-0.0001 -0.0002** -0.0001* -0.0001 -0.0001* -0.0001*
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0100
0.0003** 0.0003*** 0.0003*** 0.0003** 0.0002* 0.0002*
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0mo0
-0.0002* -0.0002** -0.0002** -0.0003** -0.0001 -0.0002
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0100
0 0.0001 0.0001 0.0001 0.0001* 0.0001*
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0mo0
-0.0015 0.0019 0.0004 -0.0002 -0.0017 -0.0008
(0.0021) (0.0030) (0.0026) (0.0028) (0.0024) (0%)02
0.0129 -0.001 0.0014 -0.0022 0.0096 -0.0013
(0.0124) (0.0164) (0.0153) (0.0147) (0.0147) (0M16
-0.0004 -0.0031 -0.0021 -0.002 -0.0017 -0.0022
(0.0028) (0.0041) (0.0035) (0.0032) (0.0034) (0403
0.0013 -0.0132* -0.0079 -0.0027 -0.0056 -0.0056
(0.0052) (0.0075) (0.0067) (0.0067) (0.0056) (006
0.0003** 0.0001 0.0002 0.0004* 0.0002 0.0002
(0.0001) (0.0002) (0.0002) (0.0002) (0.0002) (000
-0.0002 0.0002 0 0.0007 0 0.0004
(0.0008) (0.0010) (0.0009) (0.0009) (0.0009) (0mo1
-0.0006 0.0002 0.0001 0 0.0001 0.0004
(0.0006) (0.0007) (0.0007) (0.0006) (0.0007) (0&)00
0.3312*%** 0.2437** 0.2911***
(0.0537) (0.0829) (0.0757)
0.2686*** 0.2153*** 0.2328***
(0.0527) (0.0549) (0.0599)
-0.0996 -0.0186 -0.0144 -0.0766 0.1464 0.077
(0.1581) (0.2055) (0.1842) (0.1572) (0.1827) (08)90
-0.0046 -0.0714 0.0533 -0.0268 -0.0595 -0.0339
(0.1412) (0.1767) (0.1703) (0.1665) (0.1746) (03198
-0.2271 -0.5112 -0.1709 0.0044 -0.0105 0.0049
(0.2160) (0.4001) (0.3569) (0.2542) (0.3220) (0B41
-0.6474* 0.1237 -0.3473 -0.6044 0.2197 -0.1115
(0.3564) (0.5346) (0.4835) (0.5203) (0.6013) (037
39 40 40 39 40 40
0.8946 0.8474 0.8714 0.8834 0.8398 0.8381
89.0342 13.9831 17.9855 92.8351 35.5003 36.7271
0.2623 0.3118 0.2859 0.2952 0.3012 0.3212
8.0144 0.9218 4.393 3.4131 2.3036 -0.2596
17.9713 32.1565 25.2139 27.1738 29.3927 34.5193
46.2518 60.8674 53.9249 55.4543 58.1037 63.230
*p<0.1 *p<0.05 **p<0.001
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Furthermore, we also found positive significant agd past research quality effects that
reflect an increase of +0.03% expected median ijpator points in laboratories with
higher average age and +39.26% for better res@artbrmed in the past.

Regarding our second model, results show that pnilyate funds have a positive

significant effect on research quality, with ancasasted increase of +0.03% in the
expected median impact factor points for each amfdit thousand Euros allocated under
this type of funding.

On the other hand, we learn that both public antbjgean funding present negative
significant effects on the median impact factorthbwith associated semi-elasticities of
-0.02% points for each additional thousand Eurtzcated under each of these sources
respectively. As expected, the quality although tie# quantity of past research
performed by members of the laboratory presentstipessignificant effects with
associated higher median impact factors (+27.59vd)igher quality research performed
during the period of-5 to t-2 years prior to the ministry surveys.

Finally, our third model, corresponding to the asption that laboratory characteristics
have an influence on the scientific production dgriour years around the declaration in
the ministry survey, shows similar results reflegtipositive significant effects from

private funding and negative significant effectenfir European and public funding. This
time we obtain results indicating that as publid &uropean public funds increase, the
associated scientific output presents lower qualitlsile an increased availability of

private funds is associated with higher qualitgagntific research, in essence, if public
and European funding allow larger volumes of sdierdutput, they do not stimulate the

quality of this one. The associated increase reladeany additional thousand Euros of
private allocations amounts up to +0.03% medianachdactor points, while the

associated decrease related to additional an thdi&aros of European or public funding
corresponds to  -0.01% and -0.02% points respaygtiThe associated impact of past
guality on the other hand is positive, with an ease of +33.78% median impact factor
points in the case a laboratory had had a one pa@her median impact factor in its past

research quality.
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2.4 Conclusion

In conclusion, the present section on the collecteientific performance of research
laboratories has provided insights on which deteamis play an important role on the

production of scientific publications and its qtyakt the laboratory level.

Two different types of statistical analyses wereried out in the study of scientific

output:

* A Negative Binomial regression performed on conitidtns to scientific
publications as count data.
* A Log Linear regression performed on the fracti@ispublications as

continuous data.

In addition, a Log Linear analysis was carried @uthe average and the median impact
factors of journal in which the scientific outputlaboratories has been published. This
latter analysis has as objective the study of tbterdhinants playing a role on the
scientific quality of research laboratories.

The different analyses were carried out acrosethrain models defined by the way in
which the tangible output, in this case scienpfiblications were aggregated across time.
Please let me recall that three assumptions weneulated on this aggregation, which

resulted in the following cases:

* Researchers affiliated to the laboratory duringgéeod 1996 — 2000 may
be accountable for the publications performed duamperiod of two years
preceding the ministry survey of 2000 and 2 (mddel

» They continued working for the laboratory during theriod 2000 — 2004
and therefore may also be accountable for the &by publications
signed during a period of two years following thmistry survey of 2000
(model 2).

* If the two previous assumptions hold, then we mbp assume that
researchers declared during this ministry survey a@ountable for the
laboratory publications signed over a period ofrfgears around that

survey (model 3).

As a general overview, | observed that results dotisn 1 indicate that collective

scientific output is mainly driven by: senior resdeers, post doctors and PhD candidates,

99



Chapter 3: Determinants of Scientific Reskar

it is enhanced by researchers who are affiliatadgtotutional research organization like
CNRS or INSERM and is mainly influenced by publimding. In terms of collective
scientific quality, these results indicate thatiserand junior researchers present a
negative influence on quality, which in contrastrésults from the study of production
would only mean that the more experienced reseexdhere is a trade off between
guantity and quality. In addition the presenceha laboratory of researchers with an
institutional affiliation different than the univ@ty plays an important positive role on
collective scientific quality, while in terms of@¢hunding structure, this quality driven by
private funding which in contrast to the study be scientific output indicates that while

public funds boost quantity, private funds boosdldw.

3 Scientific performance of individual researchers

In the second part of the present chapter | focysattention on the total contributions
and the fractional publication counts of individuasearchers affiliated to the University
Louis Pasteur during the periods covered by thastmnsurveys from 1996 to 2008. |

now attempt to explain the individual scientifioduction by the characteristics of these
individual researchers, such as their right todiszientific research, their researcher
status, their age and their experience in the &boy and also look for the effects of
coauthorship with internal colleagues on individsaientific production given the

decomposition of human resources into categorigard/status; for this purpose | use

the information on the types or researchers cotktbay on a same publication.
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Set of Figures 14 Density of total individual cont  ributions against normal
density

In order to attain this objective | gathered thf@imation concerning each publication in
the database and then merged it with the persatatal This procedure enabled me to
identify all internal coauthors affiliated to a talatory of the university working on a
single publication. Then | separated these coasthamcording to their different

rank/status and defined the count variables tlmesent their total number.

I must clarify here that only three out of the faategories of researchers used in the
previous sections can be identified using this wetlsenior, junior, and assistant
researchers) due to the fact that the number df gstors and PhD students appears
directly aggregated on the laboratory dataset wilile personnel dataset lacks
information on these categories, which is the reagloy it is impossible to identify them
at the individual level. The origin of this problamthe fact that post doctors and PhD
students were considered as temporary personnabdte ministry surveys of 1996 200
and 2004, and therefore were recorded in the iddatipersonnel datasets of the ministry

surveys covering these periods.

Similarly to the study of laboratory productionsaction 1, our dependent variables for
the present analysis are the total contributionpublications and the total fractional

publications of individual researchers during thgedrs preceding the survey (model 1),
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during 2 years following the survey (model 2) anding 2 years around the ministry
survey (model 3); these variables, as one may vbdesm the Set of Figures 15, are
highly non-normal and positively skewed.

Kernel density estimate Kernel density estimate
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Sum of Fractional Publications Over 2 Years Preceeding Survey ‘Sum of Fractional Publications Over 4 Years Following Survey

Kernel density estimate
Normal density

Kernel density estimate
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kemel = epanechnikoy, bandwidth = 0.1567 kemel = epanechnikoy, bandwicth = 01466

Kernel density estimate
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‘Sum of Fractional Publications Over 2 Years Preceeding and Following Survey

Kernel density estimate
Normal density

kemel = epanechnikov, bandwidth = 0.3229

Set of Figures 15 Density of total individual frac  tional publications
against normal density

Following an analogous procedure to the one useldermprevious studies on laboratory
production, | performed an over-dispersion teghi&case of the count variable (sum of
contributions to publications). This test suggedted a negative binomial regression is
better suited for the analysis of this variablethea case of the continuous variable (sum
fractional publications) a log linear analysis wa®sen. Since the explanatory variables
are defined by the characteristics of individuaseachers and controlled by the
disciplinary field, the method of publication datalection, and the size of the laboratory,
our regressions may be expressed by the followipgession:
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Contributions and/or Fractional Publications=

exp ( 3 + [ Habilitation to direct researgh+ 33 Junior Researcher
+ 34 Assistant Researchgt 35 Institution CNRS

+ 36 Institution INSERM+ 37 Other Institution

+ g Agé€it + Ry Careefis + 310 Matter Science + R11 Humanities

+ 312 OST data collection methylei

Table 8 Correlations among individual characteristi

Habilit. Indiv. Indiv. Indiv. Univ. CNRS INSERM Other Age Career
Senior Junior Assist. Institution
b 0 1
dividua 0.601¢ 1
d ... 0.5797 -0.984: 1
d .. a 0.113¢ -0.074¢  -0.102¢ 1
0.076: -0.000¢ 0.012: -0.063¢ 1
R 0.122¢ 0.020¢ -0.008: -0.070¢ -0.7807 1
R 0.027¢ -0.000: 0.004: -0.0231 -0.254¢ -0.209¢ 1
Othe 0.122¢ -0.041¢ -0.013: 0.309: -0.241% -0.198¢ -0.064¢ 1
Age : 0.562 0.496¢ -0.490¢ -0.028¢ -0.048¢ 0.072¢ 0.003: -0.0501 1
0.2507 0.228: -0.220¢ -0.042: -0.046: 0.099: -0.039¢ -0.067: 0.445¢ 1

The correlations among these individual researcharacteristics, reported in Table 8,

show that the status of senior researcher preagmtsitive and strong relationship with

the habilitation to direct research and with artiitagonal affiliation to the CNRS, the

status of junior researcher is rather associatddtive habilitation to direct research (with

lower strength than seniors as expected), whilestass researchers are only weakly

related to the habilitation to direct research @nelsent a negative relation with the

institutional affiliation to either CNRS or INSERMs one may expect, average age and

career in the laboratory showed positive relatigmshwith the status of senior

researchers, as well as the affiliation to the CNRS
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3.1 Individual researcher statuses and their influence on

individual contributions

As discussed in previous sections, the first sfegfh@ count data analysis of individual

contributions is to perform a Poisson regressiod assess whether or not the
specification is appropriate by performing a tekibweer-dispersion of the dependent
variable. However, in order to assess the validfityre Poisson specification, we perform
a test of over-dispersion of the dependent varitbt®rroborate whether the assumption
of equi-dispersion of the Poisson model holds. Tésults from this test reveal the

existence of over-dispersion at the 1% threshatddaicate that an alternative regression

should be performed.

Model1 Mode 2 Mode 3
Sum of contributions over Sum of contributionsover | Sum of contributionsfrom
2 years preceding the the 2 yearsfollowing the 2 yearsbeforeto 2 years
survey survey after survey
Overdispersio a 1.1621*** 1.1513*** 1.1221***
(0.0802") (0.0762")

(0.0887")

| use the category of senior university researcimelife sciences as the baseline and find
that in terms of status within the French acadesygtem, being a junior researcher is
significantly associated with lower contribution uces. In addition, having the
habilitation to direct research also presents pasgignificant effects on the individual
expected contributions as well as the institutioailiation of the researcher; these
characteristics present positive effects from tiffdiadion to the CNRS or to the
INSERM. Finally, | found significantly negative agéfects and significantly positive
career effects as may be observed in the resyltstesl in Table 9. Such results are in
accord with the notion that individual age effeats decreasing (Diamond, 1986) given
that the expected returns of human capital areedsorg with the remaining activity

period within the life cycle.

In the case of the first model, which is associatét the assumption that the scientific
work carried by an individual researcher, correslyag to a ministry survey can be
aggregated by the sum of his contributions duriwg tears preceding the survey
declaration, the results show that junior reseaschee associated with a -50.7% lower
count of contributions with respect to senior reslears. Having passed and obtained the

habilitation to direct research presents positiad aignificant effects with a +55.7%
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higher expected output with respect to non-halb@daesearchers. Being associated with
a research institution, CNRS or INSERM, presenty senilar effects with an associated
increased count of +56% to +60% of expected caminbs. As researchers grow older,
they produce slightly fewer contributions with assaciated decrease of -0.019%
expected contributions; however but this effectvscted by a positive and significant
career/experience effect in the laboratory assedimaith an increase of +0.02% expected

contributions.

Regarding the results for the second model, wheuppose that the scientific work of a
declared researcher is reflected in the sum afdngributions during two years following
the ministry survey, | found that junior researshbiave significant lower expected
contributions counts of -52.7% with respect to seniesearchers, as well as the
habilitation, which indicates a +51.4% higher expdcoutcome. The institutional
affiliation of the researcher also has a positigmificant effect with +53.6% higher
expected output in the case of CNRS researcheds+45.5% in the case of INSERM
researchers. Age effects are negative and assbevite-0.029% lower expected output
as the researcher grows a year older, and carperierce effects are positive with an

associated increase of +0.02% higher expected baspilne gains a year of experience.

Concerning the third model associated with the rapsion that the scientific work of
individual researchers declared in the differennistiry surveys is reflected by their
contributions during a period of four years arotinel official declaration, | found very
similar results to those found in the case of tieiotwo models, with positive effects of
the habilitation to direct research associated whki% higher contributions for those
researchers who have obtained it, -52.4% lower argde contributions of junior
researchers with respect to senior ones, and +5h4%7.2% higher expected outcome
if the researchers is affiliated to the INSERMIoe CNRS respectively.

Finally, let us notice that researchers workingh@ social and human sciences present
much lower expected contributions with respechtise in the life sciences — -88.6% for
model 1, -83.3% for model 2 and -86.4% for model\v@kile those researchers working
in the matter sciences also present significant reeghtive effects in the case of two
models, with lower expected contributions of -8.1&8¥model 1 and -7.68% for model
3.
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3.2 Individual researcher statuses and their influence on

individual fractional publications

In addition to the analysis on the sum of contitiutto scientific publications, |
performed an analogue analysis on the sum of afra@ional publications in order to
model the effects of individual researcher char&ties on the sum of fractional
publications. | studied the three different assuomst on the aggregation of publications
subject to the declarations in the ministry survayd found that in the case of our first
model, the habilitation to direct research hastp@seffects on the expected output with
+39.5% higher contributions counts with resped twn-habilitated researcher. Being a
junior researcher has a negative impact with -48z28%ociated lower expected output
with respect to a senior researcher. In this mbdido found that being affiliated to the
CNRS implies +11.5% more expected article shardh vaspect to other university
researchers, while being affiliated to the INSERiIies +28.5% more.

In the case of the second assumption, we foundasimifects from junior researchers,
that is a lower expected outcome of -49.7% witlpees to that of senior researchers,
while the habilitation presents an effect of +34.Bigher expected article shares. The
institutional affiliation of the individual resedrer also presents significant and positive
effects, with an impact of +14.13% higher expeaattome from researchers affiliated
to the CNRS with respect to those affiliated to winéversity and an impact of +24.24%
higher expected outcome for those affiliated tolM®ERM,; it is worth noticing that for
the first time 1 find significant effects from remehers affiliated to a public research
institution different than CNRS and INSERM, withnagative impact of -16% lower
expected article shares, meaning that within thédeape of French research institutions,
only CNRS and INSERM have the power to affect thguot and therefore career of

individual researchers.

Concerning the third assumption, the results shewndar pattern, with positive effects
from the habilitation to direct research (+49.5%eoted outcome), negative effects for
being a junior researcher (-53.7% expected outoeitierespect to senior researchers);
we may also notice negative and significant efféeci: assistant researchers were found
in this model with an impact of -33.7% lower exmettarticles shares for assistant
researchers with respect to senior researchetstrivs of institutional affiliation, | found

that being affiliated to the CNRS is associatechveih increase of +31.36% expected
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shares, while being affiliated to the INSERM isasated with an increase of +50.9%
expected shares. In addition, there are signifiaadtnegative age and career effects that
with associated lower expected outcome (acrosthieke models) as individuals grow

older and gain experience.

Table 9 Regression results of individual output ex
characteristics

plained y individual

Model 1 NB Model 2 NB Model 3NB Mode 1 Mode 2 Mode 3
LogLinear LogLinear LogLinear
Explanatory Sum of Sum of Sum of Sum of Sum of Sum of
Variables contributions | contributions | contributions fractional fractional fractional
over 2years over the2 from 2 years publications publications publications
preceding the years beforeto 2 over 2years over the2 from 2 years
survey following the years after preceding the years beforeto 2
survey survey survey following the years after
survey survey
Habilitation 0.4433*** 0.4147*** 0.4319%** 0.3330*** 0.2997*** 0.4025***
(0.0575) (0.0512) (0.0510) (0.0426) (0.0454) (0.0410)
Junior -0.7300%*** -0.7469*** -0.7423*** -0.6646*** -0.6878** -0.7704%*
(0.0484) (0.0467) (0.0454) (0.0402) (0.0419) (0.0385)
Assistant -0.4352 -0.0936 -0.2577 -0.0862 -0.2449 -0.4120%
(0.3003) (0.2365) (0.2446) (0.1840) (0.2261) (0.2211)
CNRS 0.4476*** 0.4295*** 0.4528*** 0.1094*** 0.1322%** 0.2728***
(0.0419) (0.0389) (0.0385) (0.0336) (0.0346) (0.0326)
INSERM 0.4757** 0.3748%* 0.4085*** 0.2510%** 0.2171%** 0.4117*%=
(0.0595) (0.0640) (0.0556) (0.0572) (0.0639) (0.0551)
Other 0 0.0301 -0.0268 -0.0782 -0.1770* -0.1471
Institutior (0.1168) (0.1295) (0.1184) (0.0939) (0.1019) (0.0913)
Age -0.0002%** -0.0003*** -0.0002*** -0.0001*** -0.0002** -0.0002***
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Career 0.0002*** 0.0002** 0.0002*** -0.0001** -0.0002*** 0.0002%**
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Data Method -0.0534 -0.0722* -0.0583 -0.0603 -0.0533 0.0071
(0.0457) (0.0430) (0.0416) (0.0387) (0.0372) (0.0359)
VEWEESOENME]  -0.0855** -0.0547 -0.0800** 0.0986*** 0.1654*** 0.792**
(0.0393) (0.0389) (0.0369) (0.0333) (0.0345) (0.0325)
Humanities -2.1740%** -1.7934** -1.9977*+* -0.1815* -0.1581* -0.6066***
(0.1671) (0.1379) (0.1234) (0.1017) (0.0892) (0.0834)
Life Science 1.7211%* 2.2042%* 2.9126%** 0.1729** 0.4477%= 11534
(constant (0.0843) (0.0817) (0.0783) (0.0673) (0.0705) (0.0655)
5163 5163 5163 3756 3850 4385
0.1398 0.1221 0.1829
59.9723 50.3704 94.7918
0.9484 1.0002 0.9911
1209.2766 1014.5178 1376.7017
-12450 -12880 -16970 -5124.709 -5457.8021 -6176.6644
24924.9345 25793.0517 33967.5855 10273.418 10983.60 12377.3288
25003.5258 25871.643 34046.1768 10348.1913 11014.6742 12453.9602
*p<0.1 **p < 0.05 *** 1 < 0,001
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Finally, in terms of the disciplinary field in wiicesearchers evolve, | must point out
that for all three models, working in the humareasckes presents significant negative
impacts with lower expected article shares (-16f6f4nodel 1, -14.6% for model 2 and
-45.4% for model 3) with respect to researchetbénife sciences, while working in the
matter sciences seems to present positive andisani effects with higher expected
outcome (+10.36% for model 1, +17.9% for model @ #8.2% for model 3).

3.3 Influence of individual researcher characteristics on

research quality

The analysis of individual researcher charactegsbin research quality is carried on the
median and on the average impact factor of jounmadghich the individual researchers
published their work. The dependent variables, twhie may observe in the Set of
Figures 16, are continuous and present positiverestieess and similarly to the case of
collective research in the laboratory, they pravée non-normal through a rejection of
the null hypothesis of a normality test. In thidsection | study the median and the
average impact factor and explain them by the cbariatics of the individual researcher,
augmented by the lagged research performance ohdnedual researcher in order to
take into account the effects of the knowledge Wedshe previously developed. The

model | use may be detailed in the following expres.

Median/Average Impact Facter=

exp ( B + 3 Habilitation to direct researcgh+ Rz Junior Researcher

+ 34 Assistant Researcher (3 Institutional CNR§

+ 3 Institutional INSERM + 37 Other Institution:

+ Bg Ag€it + R Careefi; + 10 Lagged Contributions+ R11 Lagged Quality
+ 312 Matter Science + 313 Humanitieg:

+ 314OST data collection methayli

The results from this analysis reported in tTalleshow that in the first model the status
of junior researcher has a positive significant actpon the median impact factor of
contributions signed. This status is associatetl ait increase of +5.14% points with
respect to senior researchers implying that indiaidesearchers produce better quality
output during their junior years. This is a coumtelitive result since, based on the notion

that there are learning effects and path depenegnmtiresearch activities, one may tend
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to think that as researchers grow older and gaoemence they become better at what
they do. However in this case, junior researcheesagsociated with higher expected
median impact factors showing that research qualdgs not stand solely on the
shoulders of senior researchers; perhaps one mayauhe debate according to which
senior researchers are becoming managers distfagtedesearch activities; this would
explain why juniors, who still carry on with tecleal activities but also have to look for

competitive funding present better output.

Kernel density estimate Kernel density estimate

T T
10 0 15

2 4 6 8 5 10
Median Impact Factor Over 2 Years Preceeding Survey Median Impact Factor Over 2 Years Following Survey

Kernel density estimate Kernel density estimate
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Set of Figures 16 Density of median impact factors of individual
publications against normal density

Concerning the institutional affiliation of reselecs, we found that those who are
affiliated to the CNRS are more likely to perforratter research with an increased of
+10.68% in the expected median impact factor watspect to university researchers,
while those affiliated to the INSERM present negasignificant effects with respect to
university researchers with a decrease of -3.94%eénexpected median factor of the

publications they contribute to.

Individual age and career effects were also foundhis model, implying that, as a
researcher grows older, the quality of the pukilbcest he contributes to slightly increases
since the semi-elasticity approaches zero, whileeagains experience in the laboratory,

the quality of his research is less important.
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Table 10 Regression results of research quality ex

plained by researcher

characteristics
Median Median Median Average Average Average
Impact Impact Impact Impact Impact Impact
Factor over Factor over Factor from | Factor over Factor over Factor from
2years the2years 2years 2years the2years 2years
preceding following the | beforeto2 preceding following the | beforeto2
the survey survey years after the survey survey years after
survey survey
abilitatio 0.012 0.0124 0.0095 0.0066 0.0082 0.0024
(0.0177) (0.0174) (0.0160) (0.0164) (0.0172) (0815
0 0.0502*** 0.0433*** 0.0553*** 0.0472*** 0.0365** 0.0422**
(0.0160) (0.0162) (0.0150) (0.0150) (0.0156) (0M14
Assista 0.1243 0.2515%* 0.1495** 0.0759 0.2166*** 0.1104**
(0.0760) (0.0622) (0.0577) (0.0619) (0.0427) (0549
R 0.1015*** 0.0957*** 0.0923*** 0.0876*** 0.0928*** 0.0887***
(0.0134) (0.0132) (0.0124) (0.0127) (0.0132) (0112
R -0.0402** -0.0718*** -0.0512*** -0.0074 -0.0255 -0.0305*
(0.0191) (0.0201) (0.0168) (0.0176) (0.0182) (0M16
Other Ing 0 0.0216 0.0109 0.0185 0.0387 0.0613** 0.0348
(0.0383) (0.0288) (0.0295) (0.0342) (0.0301) (0328
Age 0.0000*** 0.0000*** 0.0000*** 0.0000*** 0.0000*** 0.0000***
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0@o0
ar ee -0.0001*** -0.0001*** -0.0001*** -0.0001*** -0.0001*** -0.0001***
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0@00
agged Publicatio 0.0023*** 0.0012** 0.0021*** 0.0024*** 0.0018*** 0.0022***
(0.0006) (0.0006) (0.0005) (0.0005) (0.0005) (0300
agged Media 0.2638*** 0.2309*** 0.2551***
" (0.0050) (0.0050) (0.0047)
agged Aver age 0.2112%= 0.1875*** 0.1999***
3 (0.0041) (0.0041) (0.0039)
Data Method 0.0735*** 0.1274*** 0.0988*** 0.1038*** 0.0852*** 0.0894***
(0.0126) (0.0133) (0.0123) (0.0120) (0.0125) (0®11
atte ence -0.1723** -0.1686*** -0.1588*** -0.1776*** -0.1066*** -0.1447*+*
(0.0142) (0.0137) (0.0126) (0.0131) (0.0136) (0112
anities -0.3500%*** -0.4472%* -0.2698*** -0.2864*** -0.4305*** -0.2897***
(0.0658) (0.0791) (0.0558) (0.0713) (0.0833) (08)56
e Science 0.0673* 0.2875** 0.1461** 0.2686*** 0.4607*** 0.3800***
STEE (0.0364) (0.0358) (0.0337) (0.0346) (0.0355) (0333
2738 2762 2762 2738 2762 2762
0.7125 0.6703 0.7311 0.7414 0.6648 0.7309
399.4395 340.7096 423.7747 426.7405 302.1188 403.8882
se 0.3224 0.3238 0.2982 0.302 0.3186 0.2914
-778.9821 -797.3457 -569.9794 -600.1114 -753.1149 506.0389
2 1585.9642 1622.6913 1167.9588 1228.2227 1534.2298 1040.0779
b 1668.774 1705.6233 1250.8908 1311.0325 1617.1617 23.0098
andard erro *p<0.1 *p<0.05 **p<0.001
pare ese

Finally, both the past scientific production ofesearcher and its quality present positive
significant effects on the median impact factocafrent publications with an associated
increase of +0.23% for higher contributions sigdedng the period of-5 to t-2 years
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prior to the ministry surveys, and an increase 89.38% for higher median impact
factors associated to those publications.

In the case of the second model, we found that potlor and assistant researchers
present positive significant effects on the medrmapact factor of publications signed
during the two years following the ministry surveydith respect to senior researchers,
juniors are more likely to present an increase4#2% in their median impact factors,
while assistant are more likely to produce reseafct8.5% higher quality. Moreover,
regarding the institutional affiliation of reseaech, being a CNRS researcher also
presents positive effects on individual researchliy with an associated increase of
+10.04% expected median impact factor with respeaniversity researchers, while on
the contrary, being an INSERM researchers has wegzffects on research quality (-

6.9% expected median impact factor) with respebieiog a university researcher.

In this case we also found positive and significeffeects from the research produced in
the past and its quality. In fact those researchbsproduced an additional contribution
to publication during thé5 to t-2 years preceding the ministry surveys are mordylike
to perform better science with an increase of +¥% ¥Xpected median impact factor.
Furthermore, the quality of the research producgohd that period also presents positive
effects with an associated increase of +25.9% medipact factor points for each higher

point of past quality.

Finally, the results associated to the third mogtedw very similar effects to those
obtained from our second model. | found a positind significant impact for having the
status of a junior or an assistant researcherpjuisearchers are thus more likely to
produce research of +5.68% higher expected medipagdt factor with respect to senior

researchers and of +16.12% higher quality in tise cd assistants.

In addition | also found that being a CNRS researttas positive significant effects on
research quality with an associated increase d6f9.expected median impact factor
points with respect to researchers solely affitlate the university, while on the other
hand, those researchers affiliated to the INSERKsgmt negative effects with an
associated -4.9% lower expected research qualityinhportant to point out that past
scientific production and quality also present pwsiand significant effects on the
current quality of individual research with a resjpee impact of +0.23% and +29.05%
for each additional contribution made in the past@ach additional median impact factor

point reached for that contribution.
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Let us highlight the fact that researchers carrgogntific research in any other field
different than the life sciences are producing loguality output with associated semi-
elasticites of -29.53% (model 1), -36.05% (modea)l -23.64% (model 3) in the case
of social and human sciences, and -15.82% (modell%)51% (model2) and -14.68%

(model3) in the case of matter sciences.

3.4 Conclusion

Throughout the present section | have carried tudiss on the characteristics of
individual researchers to provide a larger pictofréhe determinants that play a role in

the process of scientific production in researtiofatories.

In a general overview, results from this sectiatiaate, as expected, that the status of the
researcher plays a role on his / her individua¢rgdic output with the production of
senior researcher being more important that ofojumesearchers. However, these
findings are in contrast with the results regardhmginfluence of these characteristics on
the quality of individual research output, whicldicates that junior researchers are

associated with higher quality research.

A possible explanation for these effects wouldHag young researchers build their career
during their early years in the job by making tliffere to produce scientific publications
of high quality. Once there are set in a trajectfrincreasing quality publications they
establish a reputation that has eventually theceti€allowing them to produce higher

quantities of scientific publications of relativedtable and even lower quality.

A more important result regards the institutionfiiliation of individual researchers
indicating that researchers with an institutiorfliation different than the university
produce larger quantities of scientific output aam@ associated with high quality

research.

112



Chapter 3: Determinants of Scientific Reskar

4 Categories of coauthors and their influence on individual

scientific research

In the present section | develop further my analym the scientific production by
studying the effects of collaborations in scientgublications at the individual level. For
this purpose, and since | deal with individual détdecomes straightforward to study
the effects of the categories of coauthors ondhensfic output of individual researchers
and decided to extend the original model of indmald output on the category of
researchers and include the categories of coausissiiated to a publication.

The explanatory variables in this new setting ateonly defined by the type of individual
researcher producing the contribution or the foaal publication, but also the total
number of coauthors belonging to each one of theetlcategories (senior, junior and
assistant coauthors), the individual age and cak#re individual researcher and the
average age and career of his/her coauthors, dorgrdor the total number of
administrative personnel available in his unit, @sdusual, the data collection method
and the disciplinary field of the laboratory of idéition. This model is detailed in the

following expression.

Contributions and/or Fractional Publications=

exp ( B + 3 Habilitation to direct researcgh+ Rz Junior Researcher

+ 34 Assistant Researchgt 3 Institutional CNR§

+ 3 Institutional INSERM + 37 Other Institution:

+ Rg AQ€iy + o Careefit + 310 Senior Coauthors+ R11 Junior Coauthorg

+ R12 Assistant Coauthors+ 313 Coauthor Ag&; + R14 Coauthor Careék:
+R15 Matter Science + 316 Humanities + 3.7OST data collection methaylei «
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Table 11 Correlations among individual characteris  tics and types of

coauthors
Habilit. Senior Junior Assist. Univ. CNRS INSERM Other Age Career
Inst.
b 0 1
enio 0.579¢ 1
0 -0.565¢ -0.991¢ 1
A a -0.101¢ -0.062: -0.068: 1
e -0.037¢ 0.036¢ -0.031¢ -0.039¢ 1
R 0.070: -0.020¢ 0.028: -0.0€ -0.791¢ 1
= 0.009: -0.014¢ 0.017% -0.018: -0.247: -0.262¢ 1
Othe -0.095: -0.020 -0.015¢ 0.27¢ -0.1767 -0.187 -0.058¢ 1
O
Age 0.593: 0.529¢ -0.527: -0.0177 -0.043: 0.063¢ -0.003: -0.0477 1
aree 0.2¢ 0.250¢ -0.24¢ -0.033¢ -0.078¢ 0.130: -0.04¢ -0.066% 0.440¢ 1
enio 0.193¢ 0.327:¢ -0.3267 -0.003: -0.118: 0.080° 0.064: 0.007: 0.165: 0.151¢
0a 0
0 -0.031¢ -0.078¢ 0.079: -0.003! -0.082! 0.083: 0.001¢ -0.007¢ -0.026¢ 0.082:
0a 0
A a -0.0007 0.021: -0.053¢ 0.248: 0.041¢ -0.086¢ 0.007: 0.105: 0.036¢ 0.016:
Oa O
Avg. Age 0.44: 0.371: -0.371¢ 0.005¢ -0.061: 0.075: 0.003¢ -0.040¢ 0.825¢ 0.380¢
0Oa 0O
Avg. Caree 0.191% 0.141° -0.1397 -0.014¢ -0.084¢ 0.119: -0.029¢ -0.048¢ 0.316: 0.895!
ors 0
planato Senior Junior Assistant Age Career
ariable Coauth. Coauth. Coauth. Coauth. Coauth.
orre O
enlio 1
ors 0
0 0.632¢ 1
0a 0
A a 0.099: 0.058: 1
0a 0
Avg. Age 0.127+ -0.052% 0.033¢ 1
Oa4a 0)
Avg. Caree 0.126¢ 0.08¢ 0.015: 0.389¢ 1
0a 0

As one may observe from the correlation among idd& researcher characteristics and
their different types of coauthors reported in Babl, collaboration through coauthorship
is positively related in most cases with reseacladfiliated to a research institution
(CNRS and INSERM) suggesting that full time reskars collaborate more than part
time researchers; in addition, one may also ndkieé senior researchers are positively
correlated with senior and assistant coauthor&gjuasearchers are positively correlated
with only with junior coauthors and assistant reskears with assistant coauthors.

This observation suggests that scientists tendltaborate with researchers of their own
kind, which is quite surprising given that sinceestific production is a distributed

process among different actors, we should obsateeactions among different types of
researchers. Finally, one may pleasantly obserat ah individual researchers obtain
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experience in the laboratory they tend to increébee collaborations with all kinds of
peers, although age on the other hand, only disglag effect on the collaboration with

senior and assistant coauthors.

4.1 Categories of coauthors and their influence on Individual

production measured by scientific contributions

The present subsection studies the individual dmutions to scientific publications; it
develops a regression analysis performed on thatceariable through a negative
binomial process selected after carrying the ovgpatsion test. The results from this
analysis reported in Table 12 show that in the dasefirst assumption there are
significant and positive effects from the habiibatto direct research, which is associated
with +26.7% higher contributions counts with redpecresearchers who don't have it.
Junior researchers, as expected, present sigrificehnegative effects on the expected
outcome with -11.5% lower expected contributionghwespect to senior researchers.
Institutional affiliation does also have signifitaimmpacts, with +9.49% higher
contributions for CNRS researchers, +15.8% higlwtrdoutions for INSERM and -
10.18% lower contributions for researchers assedi&t other institutions with respect

to those researchers who are solely associatéa toniversity.
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Table 12 Regression results of output explained by individual
characteristics and types of coauthors
Model 1 NB Model 2 NB Model 3NB Moded 1 Model 2 Mode 3
LogLinear LogLinear LogLinear
Explanatory Sum of Sum of Sum of Sum of Sum of Sum of
Variables contributions | contributions | contributions fractional fractional fractional
over 2years over the2 from 2 years publications publications publications
preceding the years beforeto 2 over 2years over the2 from 2 years
survey following the years after preceding the years beforeto 2
survey survey survey following the years after
survey survey
Habilitation 0.2370*** 0.1877** 0.2608*** 0.3400*** 0.2930*** 0.4010***
(0.0308) (0.027) (0.0271) (0.0424) (0.0449 (0.0406
Junior -0.1226** -0.2218*** -0.2546*** -0.1606*** -0.2064** -0.2651***
(0.05410 (0.0376) (0.046) (0.045) (0.0505 (0.0434
Assistant 0.1221 0.3366* -0.0107 0.2418 0.1082 -0.2382
(0.1351) (0.1764) (0.1534) (0.1968) (0.2541) (0.2085)
CNRS 0.0907*** 0.1286*** 0.1887*** 0.0383 0.1038*** 0.268***
(0.0204) (0.0191) (0.0191 (0.0304) (0.0314) (0.0296)
INSERM 0.1467*** 0.1287*** 0.2190*** 0.1082** 0.0817 0.24B**
(0.0324) (0.0344) (0.0305) (0.0496) (0.0572) (0.049)
Other -0.1074** -0.1764*** -0.1476*** -0.1761* -0.2671** -0.2429***
Institution (0.0544) (0.0457) (0.0453) (0.0751) (0.0819) (0.0751)
Age -0.0038 -0.0097*** -0.0125*** -0.0070** -0.0114*** -0.0155%**
(0.0026) (0.0023) (0.0025) (0.0035) (0.0037) (0.0039)
Career 0.0017 0.0004 0.003 0.0120** 0.0006 0.0098*
(0.003) (0.0028) (0.003) (0.0054) (0.0054) (0.0058)
Senior 0.0445*** 0.0400%*** 0.0188*** 0.0452*** 0.0426*** 0.0195***
Coauthors (0.0021) (0.0018) (0.0008) (0.002) (0.0024) (0.0009)
Junior 0.0174** 0.0293*** 0.0139*** -0.0212*+* -0.0162*** -0.0077***
Coauthors (0.0076) (0.0043) (0.0028) (0.0021) (0.0037) (0.0011)
Assistant 0.0297** 0.0077 0.0171** 0.0147 -0.001 0.0193***
Coauthors (0.0138) (0.0109) (0.0068) (0.0235) (0.0165) (0.0072)
Average Age -0.0048 -0.0036 0.0013 -0.0085* -0.0142*+* -0.0088*
Coauthors (0.0036) (0.0032) (0.0035) (0.0045) (0.0048) (0.0051)
Avg. Career -0.0004 -0.0014 -0.0044 -0.0204*** -0.0132** -0.@20*
Coauthors (0.0034) (0.0033) (0.0036) (0.006) (0.006) (0.0065)
Data Method 0.0869*** 0.0762*** 0.1090*** -0.0292 -0.0016 0.047
(0.0234) (0.0213) (0.0214) (0.0353 (0.0339) (0.0328)
Matter Science 0.0433** 0.0444* 0.0078 0.1764** 0.2145*** 0.1498*
(0.0196) (0.0183) (0.018) (0.0297) (0.0307) (0.029)
Humanities -0.4410%** -0.4055*** -0.7048*** 0.0466 -0.0014 -@042*%*+*
(0.1075) (0.0695) (0.0774) (0.0955) (0.0838) (0.0793)
Life 1.2720*** 1.5691*** 2.1508*** 0.1497 0.6617*** 1.289***
chsgrfset’:ft;"or (0.0952) (0.0932) (0.0943) (0.1222) (0.1277) (0.1251)
3756 3850 4385 3756 3850 4385
0.2998 0.2779 0.3305
89.3634 65.8816 112.879
0.8563 0.9077 0.8976
1870.9717 1748.5983 2648.7117
-9988.1336 -10340 -14680 -4738.1533 -5081.5323 -5740.0497
20010.2672 20721.0184 29395.9796 9510.3066 10126.06 11514.0993
20116.1961 20827.3675 29504.5407 9616.2355 10303.4137 11622.6604
Standard errors *p<0.1 **p <0.05 ** p <0.001
in parentheses

Furthermore, let us recall that the interest ofgresent analysis is to observe the effects
of different types of coauthors and their averageand career on the sums of individual
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contributions, which for this first model preserdsiive and significant effects with
higher expected contribution counts of +4.55% facle additional senior coauthor a
researcher collaborates with during the period73% higher expected contributions for

each additional junior coauthor and +3% more foadditional assistant coauthor.

Regarding the second model, | found significaneé@H from junior and from assistant
researchers with respect to seniors, with an as®utidecrease of -19.9% expected
contributions in the case of juniors and an assediancrease of +40% in the case of
assistant researchers. The habilitation to dieszarch also presents in this case positive
and significant effects with an associated increds€0.6% in the expected outcome for
those researchers who have it. The institutiorfdledion also plays an important role,
with associated effects of +13.72% expected outcfuméhose individuals affiliated to
the CNRS with respect to those affiliated solelyh® university, also +13.72% for those
affiliated to the INSERM and -16.17% for those ladfed to other institutions.

In terms of the effects from different types of gtheors, | found that only senior and
junior coauthors present significant impacts on tib&al contributions of individual

researchers during the two years following the stigi surveys. In fact, there is an
increase of +4.08% expected contributions for eatthtional senior coauthor, while any
additional junior coauthor is associated with anréase of +2.9% expected contributions.

In the case of the third model | found that hawimg habilitation direct research presents
significant and positive effects with an associaterease of +29.7% expected outcome
with respect to researchers who do not have thiicase, and as in the first model, we
only found effects from junior researchers, with @ssociated decrease of -22.47%

expected contributions with respect to senior nesess.

In terms of institutional affiliation, | found, asual, significant and positive effects from
an affiliation to the CNRS and the INSERM, with pestively +20.76% and +24.48%
expected contributions, and negative effects framafiliation to other institutions (-
13.72% expected contributions) with respect to aedeers with no institutional

affiliation.

Regarding the influence of coauthor types on tkésidual scientific production for this
model, we found positive and significant effectsnirall three types of coauthors, with
an associated increase of +1.89% expected contmisutfor an additional senior
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coauthor, +1.24% for an additional junior coautéwod +1.72% for an additional assistant

coauthor.

We may finally notice that for the present analysieffects were found from the average
age of coauthors, while negative individual age&# were found in models 2 and 3. We
also found significant effects from the disciplindield of work, with researchers in the

human sciences being associated with much lowdribahons than researchers in the
life sciences and researchers in the matter s@dmeiag associated with slightly higher

contributions.

4.2 Categories of coauthors and their influence on Individual

output measured by fractional publications

The analogue analysis on the influence of individdaaracteristics and types of
coauthors on the actual sum of fractional publaweialso reported on Table 12 reveals
that in the first model, the habilitation to direesearch plays a significant and positive
role with an associated increase of +40.5% expesiedes for researchers who have
passed it with respect to those who have not. Aalugunior researchers present lower
expected publications shares with an associategéaee of -14.8% with respect to senior
researchers. In the present model we only founmifgignt effects for the affiliation to
the INSERM and other research institutions witlassociated increase of +11.4% and a
decrease of -16.14% of the expected outcome wshect to university researchers. We
also found individual age and career effects, witF0.69% diminishing effect on the
expected outcome as individuals grow older, colwalanced by a +1.2% increasing

expected outcome as they gain experience in tloedadry.

Regarding my interest in the influence of coauthdreealize that senior and junior
coauthors present significant effects, with an toldal senior coauthor representing an
increase of +4.6% in the expected publicationseshavhile an additional junior coauthor
is associated with a decrease of -2.09%. In additiwee also found significant and
negative coauthor age and career effects that i@mghil in the expected publications

shares of researchers as their coauthors grow.older

Concerning the second model, | found there arefgignt effects from the habilitation

to direct research (+34% expected outcome) and tlwmjunior researcher status (-
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18.64% expected outcome). In addition, instituti@gliation to the CNRS is associated
with higher publications shares (+10.93%), whillkestinstitutions are associated with a
fall of —23.44% expected shares. We may notice tieaeno significant effects were
found for the institutional affiliation to the INS8M and only individual age effects were

found with an associated fall of -1.13% expecteatat as the researcher grows older.

In terms of the impacts of different coauthorspuirid significant and positive effects
from senior coauthors, with an additional collathiaraof this type being associated with
an increase of +4.35% expected publications shareide significant negative effects
were found from junior coauthors, with each addiéilbo of such collaborations
representing a fall of -1.6% expected output. Meegpsignificant and negative coauthor
age and career effects were found implying thathag average age and experience
grows, the expected actual production of a reseafalis with respect to his/her previous

work.

Furthermore, the results from our third model shtbere are positive effects from the

habilitation to direct research, with an associatedease of +49.33% expected shares
with respect to researchers who don’t have thditetion. Junior researchers also present
lower expected shares with an impact of -23.27% vaspect to senior researchers, while
the institutional affiliation presents positive edfs for CNRS researchers (+22.9%) and
INSERM researchers (+28.15%) and negative effentsesearchers affiliated to other

institutions (-21.56%) with respect to universigsearchers. In this model | also found
individual age and career effects with decreasixygeeted publications shares as the
researcher grows older and increasing ones asiie @eperience.

Finally, regarding the influence of coauthors oa thdividual scientific production, |
found that all three categories of coauthors (geniuniors and assistants) present
significant effects on the sum of publications slsaturing the period of four year around
the ministry surveys. In fact, senior and assistaauthors present positive effects with
an associated increase of +1.96% and +1.94% reégglgan the expected outcome for
each addition collaboration of such type, whileigmrtoauthors present negative effects
with an associated fall in expected shares of 9.7#®r each additional junior

collaboration.

In the case we also found significant and negatbaaithor age and career effects (-0.87%
and -2% respectively) implying that as coauthorswgolder, there is a fall in the

individual expected publications shares, or in ptherds, it's not a good idea for young
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researchers to collaborate with older coauthothédobjective is to produce more and

build reputation.

It is interesting to highlight that the differenhadysis on the effects of individual

researcher characteristics and the effects ofrdifiteypes of coauthors behaves similarly
across our three models corresponding to threerdiit propositions on the aggregation
of scientific production around the ministry surgseyfhese results shed some light on
how the status of a researcher, his institutioffdiagion, and the types of coauthors he
collaborates with may influence his own scientdigput. Focusing my attention on the
coauthoring influence | realize it is always betteicollaborate with senior researchers
and to some extent with assistant researchers, iezeauthor’'s age and career effects
are negative, meaning that as a researcher caodiegsowith more experienced pairs,

positive status effects are more important tharatieg age effects.

4.3 Categories of coauthors and their influence on Individual

research quality

| arrive at the final set of analyses on the deteamts of scientific research with an
interest on the influence of different types of wth@rs on the quality of individual
scientific research; this analysis is similar te #malysis of the effects of coauthors on
the research output. The effects of individual aesieer characteristics, the effects of the
coauthor categories and finally the effects ofiflgged performance of researchers define

the regression models as follows.

Contributions and/or Fractional Publications=

exp ( B + 32 Habilitation to direct researgh+ 33 Junior Researcher
+ 34 Assistant Researchgt 35 Institutional CNR§

+ 3 Institutional INSERM + 37 Other Institution:

+ g AQ€iy + o Careefit + 310 Senior Coauthors+ R11 Junioer Coauthors
+ R12 Assistant Coauthors+ ;3 Coauthor Ag&; + R14 Coauthor Careék:
+B1sLagged Research Output 316 Lagged Research Quality
+R15 Matter Science + 316 Humanities + 3.7 OST data collection methaylei «

In the case of the first model, the results dispthiyn Table 13 show that both junior and

assistant researchers are associated with posfieets of +4.77% and +22.14%
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expected median impact factor points with respectthte research quality senior
researchers. Furthermore, researchers affiliatédetCNRS are more likely to perform
higher quality research with an effect of +9.58%ented median impact factor with
respect to a university researcher, while thosdiaaéfd to the INSERM are associated

with lower quality (-4.59%).

Now, focusing on the main interest of the presaatysis (the influence of coauthors on
individual output quality) we learn that as a reskar collaborates with an additional
senior coauthor, the quality of his scientific aittgeems to be more important with an
increase of +0.28% expected median impact factbirlewadding collaborations with
junior researchers also presents positive sigmfiedfects on research quality with an
associated increase of +0.1% expected median infigetctr for each additional junior

coauthor.

| also found positive coauthor average age effeaislying that as a researcher
collaborates with older coauthors his researckpgeted to be of better quality, however,

coauthor average career effects in a given laborat@sent negative significant effects.

In terms of past scientific production | only fouthét the quality of past research presents
positive significant effects on current researclaliqy with an associated impact of
+29.04% expected median impact factor for each amedioint reached with the
publications to which the researcher contributeduong thet-5 to t-2 years preceding

the ministry surveys.

Regarding the second model, results obtained thiautghe analysis also show a positive
influence form the status of individual researchensresearch quality, with +7.16%
expected median impact factor for juniors reseaschird +22.9% in the case of assistant
researchers, both with respect to senior reseach@oncerning the institutional
affiliation, we also found significant effects frommeing a CNRS or an INSERM
researcher with an associated impact of +8.84% aeganedian impact factor in the
case of a researcher affiliated to the CNRS antngacts of -6.83% in the case of a

researcher affiliated to the INSERM, both with &do all other university researchers.

In this model | only found significant effects frdire collaboration with senior coauthors;
in fact, the expected median impact factor incredse+0.36% for each collaboration
with a senior coauthor; which in contrast to theutts in the previous subsection indicates

that young researchers benefit from collaboratiitf senior coauthors if their objective

121



Chapter 3: Determinants of Scientific Reskar

is to publish their research in high quality jousjar in other words, benefit from the
reputation capital of senior researchers.

In addition, we found positive significant coauthawerage age effects indicating that
collaborating with older coauthors is associatetth\an increase in the expected research
quality. Finally, the quality of past research gigesents positive significant effects on
the current research quality with an associatedease of +25.14% expected median

impact factor for each point obtained by the ae8gbroduced in the past.

Moreover, being a junior is associated with anaase of +6.76% and being an assistant
with an increase of +13.84% expected median imjasatbr with respect to seniors. The
institutional affiliation of researchers also plagysdeterminant role with an associated
increase of +8.82% in the expected median impatbfdor CNRS researchers and an

associated decrease of -5.51% for INSERM reseacher

Concerning the influence of different types of dbaws, this third model revealed
positive significant effects from collaborationghvsenior and junior researchers. In fact
an additional senior coauthor is associated wighér research quality (+0.15% expected
median impact factor), while an additional junioaathor is associated with an increase
of +0.05%.
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Table 13 Regression results for research quality e

characteristics and types of coauthors

xplained by individual

Age

Median Median Median Average Average Average
Impact Impact Impact Impact Impact Impact
Factor over 2 | Factor over Factor from | Factor over 2 | Factor over Factor from
years the2 years 2years years the2years 2years
preceding the | following the beforeto 2 preceding the | following the beforeto 2
survey survey years after survey survey years after
survey survey
0.0063 0.0186 0.0099 0.003 0.0094 0.0021
(0.0183) (0.0182) (0.0165) (0.0169) (0.0181) (0m16
0.0466*** 0.0692*** 0.0655*** 0.0494*** 0.0532*** 0.0551***
(0.0178) (0.0189) (0.0168) (0.0167) (0.0183) (0m16
0.2000** 0.2069*** 0.1297* 0.0897 0.1712%** 0.083
(0.0918) (0.0763) (0.0780) (0.0927) (0.0561) (0369
0.0915*** 0.0848*** 0.0846*** 0.0764*** 0.0764*** 0.0801***
(0.0138) (0.0142) (0.0125) (0.0129) (0.0141) (0312
-0.0470** -0.0708*** -0.0567*** -0.0154 -0.0359* -0.0392**
(0.0193) (0.0208) (0.0168) (0.0172) (0.0185) (0316
-0.0154 0.0167 0.0248 0.018 0.0680** 0.0415
(0.0437) (0.0310) (0.0313) (0.0397) (0.0302) (06)28
-0.0011 0.0005 -0.0016 -0.0013 0.0009 -0.001
(0.0013) (0.0015) (0.0013) (0.0012) (0.0014) (0301
0.0008 -0.002 0.0011 0.0016 -0.0007 0.0013
(0.0018) (0.0019) (0.0018) (0.0016) (0.0019) (001
0.0028*** 0.0036*** 0.0015*** 0.0030*** 0.0030*** 0.0014***
(0.0007) (0.0006) (0.0003) (0.00086) (0.0006) (000
0.0010*** 0.0001 0.0005*** 0.0004 0.0012** 0.0003**
(0.0003) (0.0007) (0.0002) (0.0003) (0.0005) (000
-0.0052 0.0031 -0.0007 -0.0034 0.0024 0
(0.0068) (0.0046) (0.0020) (0.0059) (0.0034) (0m@02
0.0084*** 0.0054*** 0.0104*** 0.0090*** 0.0042** 0.0087***
(0.0018) (0.0020) (0.0019) (0.0017) (0.0019) (0801
-0.0067*** -0.0031 -0.0071*** -0.0079*** -0.0038 -0.0069***
(0.0021) (0.0024) (0.0023) (0.0020) (0.0024) (0m02
-0.0008 -0.0011 -0.0013* -0.0006 -0.0009 -0.0009
(0.0007) (0.0007) (0.0007) (0.0007) (0.0006) (08)00
0.2550%*** 0.2243*** 0.2521%**
(0.0052) (0.0054) (0.0049)
0.2045*** 0.1817*** 0.1981***
(0.0041) (0.0043) (0.0039)
0.0722%** 0.1278*** 0.0958*** 0.0991*** 0.0899*** 0.0861***
(0.0129) (0.0143) (0.0128) (0.0123) (0.0134) (0312
-0.1582*** -0.1533*** -0.1521*** -0.1573*** -0.0938*** -0.1335***
(0.0146) (0.0149) (0.0129) (0.0135) (0.0146) (0M12
-0.2732%+* -0.3616*** -0.2820*** -0.1430* -0.3780*** -0.2454*+*
(0.0709) (0.1133) (0.0682) (0.0845) (0.1266) (0867
-0.1036 0.1420** -0.1189* 0.0804 0.3555*** 0.1523**
(0.0675) (0.0684) (0.0626) (0.0634) (0.0682) (0462
2395 2331 2607 2395 2331 2607
0.7155 0.6664 0.7345 0.7467 0.6622 0.7342
266.5498 223.8732 303.6959 298.266 204.771 290.5473
0.3039 0.3069 0.2885 0.2837 0.301 0.2811
-536.3478 -544.7511 -448.8242 -371.6359 -499.5525 380.8595
1110.6956 1127.5022 935.6484 781.2718 1037.1049 799.719
1220.5372 1236.8292 1047.1016 891.1134 1146.4319  1.1921
*p<0.1 **p<0.05 **p < 0.001
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We also found, as expected, positive significafeéat$ from the quality of past research
with an associated higher current quality (+28.68%&dian impact factor) for each
median point reached with the publications perfanaeiring thet-5 to t-2 years

preceding the ministry surveys.

5 Conclusions

Throughout the present chapter | have exposedntipgrieal analyses performed on the
scientific performance of both, research labora®and individual researchers, of the
former University Louis Pasteur. These differentlgees were performed with the

objective of understanding what are the determsanitthe output and its quality

associated to the university.

The first set of analyses focused on the reseatmrdtory as the unit of observation first
and then broadened the picture by studying thevidaial researcher; both the aggregated
output and research quality indicators of thesectitres were defined according to three
different assumptions on the scientists’ turnowvepss different periods of time and the
influence this turnover may have on the unit's stifie output. This set of analyses
models the effects of explanatory variables caiegdrin two different dimensions,
human and financial resources, with a decomposititm researcher ranks within the
French academic system, and into different typesimding, in addition | used a set of
laboratory characteristics such as the institutiafidiation of its researchers and the

disciplinary field of the unit.

Regarding collective scientific output evidence mugs the main assumption of this
thesis according to which the composition of resdedaboratories affects its scientific
production. As a general overview, these resultswskhat post doctors and PhD
candidates stimulate by senior researchers andtgicigoroduction; it is also stimulated
by the presence of institutional researchers,iati#itl to CNRS or INSERM. In addition,
results also provide evidence of the role the fngditructure on the scientific output,
which is stimulated by public funding.

Moreover, the general picture is completed by tiedyasis of determinants playing a role
on the individual scientific output for which resuprovide evidence that the status of

individual researchers within the higher educatsystem play a major role on their
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production. As discussed earlier, the status abseasearcher is indeed associated with
higher numbers of publications, as it is the instinal affiliation to CNRS or INSERM.

Regarding the collective scientific quality, thésesvidence that quality is stimulated by
the presence of institutional researchers affifiadte CNRS or INSERM and it is path
dependent with the quality of lagged publicatiotisnglating the quality of current
publications. In addition, evidence on the roletioé funding structure of research
laboratories indicates that private funding stinegacollective scientific quality, which
contrasts with the case of collective scientifioqurction, which is instead stimulated by

public funding.

At the individual level, it is interesting to leafmom these results that it is junior
researchers who are associated with higher sdemgifality implying that junior

researchers make important efforts to publish thesearch in quality peer-reviewed
journals towards their early career and then thihaegutational effects they tend to shift

towards an intensive scientific production as tgeyw older.
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Chapter 4: Complementarities in
Scientific Research

1 Introduction

The present chapter studies complementary reldtipssbetween determinants of
scientific research. The previous chapter was diosgh a with an analysis of the
characteristics of coauthors and the role they prandividual scientific production and
quality; this analysis offered insight on how cdeaarting with senior researchers has the
highest impact on the output of individual researshas expected, and that coauthoring
with assistant researchers has a higher impacthenirtdividual production than
coauthoring with young researchers.

As mentioned in the previous chapter, the anabfdise status of coauthors is a particular
case of complementarities between determinantsinglag role on the scientific
production and hence it is of particular interest gresent a broader picture of
complementary relationships at the laboratory level

For this matter, | propose an application of theotty of supermodularity which allows
conclusion on pairwise complementary relationsbgtsveen arguments of a function. In
this case it will allow assessing whether the gdierproduction and its quality present
complementary relationships between different caieg of researchers and between

different categories of funding.

2 The notion of complementary determinants

Overtime, the economic literature has focused périts interest on the notion of
complementarities between two different argumemtsasiables explaining economic
phenomena. These complementarities are defined bceeasing marginal value of the
real valued function with respect to a positivenjorariation of both arguments. As a
consequence of this definition, traditional anaysf complementarities relies on the
assumptions of continuity and concavity of the realued function, and verifies the
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property of increasing differences of a pair of uemgnts or variables on which the

complementarities are tested.

In the case of a continuous function defined byapte of variables: andx with i # j*’,
it is straightforward to express these complemgmni@ations which are reflected by an
increasing differences condition. This conditionnsne other than a positive double
differentiation of the real valued function, fissith respect to the argumext then with
respect to argument. In this case there are complementarities betwaeablesx and
x; if the second derivative of the continuous funefies, %) with respect to the variables

is higher or equal to zero.

However, not all economic phenomena are descrilgembbtinuous functions and in the
case of a discrete function, the property of insireg differences we are interested in
indicates that for any real valued function defifgda couple of variables andx, the
difference between the observed values of the im&valuated at a different levels of
one of the arguments, holding the other constanpositive. As an example, if we
evaluate the function at two different levels of thariablex’; >= xj, with x; constant, the
property of increasing differences implies thf (@i 25) = f (@i, ;) 2 0 ndicating that

the functionf(x, %) increases in;.

Under the case of a joint variation of a pair ofialesx andx, one may find that
complementarities raise when the values of thetfonare higher than the its values
observed under the variation of a single one dieeiargument; hence one may represent
the property of increasing differences in the cafdiscrete functions as the positive
difference between the sums of the real valuefi®ffunction evaluated at joint levels

and at an alternate levels of the arguments.
f(x'i, Xj) + f(xi, %) >=f(x"i, X) + f(xi, x}) , for X’ >=x, and i#|.

Since the analysis of the scientific production godlity of laboratories and individual
researchers is based on observations represertihgalued functions that depend on a
decomposition of human and financial resources, dy mapply the notion of
complementarities described above. In additiongllelve this analysis is appropriate

given that knowledge on the functional for of theestific output and quality is not

7 In our case, the set X represents the set of tiftderesearchers, while the indexieandj refer to the
different types of researchers found in the sdieritiboratories: senior and junior researcherst gdoctors
and PhD’s, and support staff or assistant personnel
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perfect, and that the assumption of continuity aodcavity of these functions may or
may not hold. In the impossibility to confirm theagsumptions, | may avoid them using
the alternative approach of supermodularity ofabjective function, to test the condition
of increasing differences and confirm the existemfecomplementarities between

different explanatory variables classes.

2.1 The property of supermodularity: A tool to assess

complementarities

Supermodularity, is a second order property offangtion in the spacR"; it represents
a condition of non-negativity of the cross diffecen in any pair of variables defining the
objective function. This property is analogue te@ throperty of concavity of any
continuous twice-differentiable function iR and formalizes the existence of

complementarities between a pair of arguments.

The property of supermodularity is conditioneddalrvalued functionfx) that operate
on partially ordered sets of arguments. Let theXské a sub-lattice such that for any
elementx’ and x” belonging toX, with a partial orderingg’ < X, the set contains a
smallest elementz/ v 2”7 ) under the order that is lattgem bothx’ andx”, and a largest
element 2’ Az” ) under the order that is smaller thar Bbtand x” (Topkis, 1998;
Vives, 1999), implying that in an-dimensional space, the elemenz’ vz” ) and (
' A z”") may be defined by the following expressions.

' V" = (max{z], 2]}, .. ,max{z], zl'})

' Az = (min{z|, 2]}, ... omin{z), 2 })

Given pair of arguments defining a real valued fiam; the property of supermodularity
is verified if the condition of increasing differe#s in both arguments holds, that is, for
any functionf(x), with its arguments belonging to a partially oeteset, the function is
supermodular if the sum of its real values evalliatethe levels vz ) and (
2’ A z”) is higher than the sum of its real values evaldiat the levelsx(') and &’).
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This definition is generalized in andimensional space by the following construction:

F(z')—F(@' AN2") =

T Ty
5 2 .
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Source: Topkis, 1998. pg, 45.
Which is none other than:

FZVva' Y+ F@' Ne") > F(a")+ F(a') & F(x' va') - F(z') > F(z"") - F(z' A 2")

In the case of a two dimensional function, thisditban indicates that the sum of the
complementary states, or real values evaluatetleatevels(x”i, x”’;) and(X’i, X}j), is
higher than the sum of intermediate states, orva&ales evaluated at the levéls i, x))

and(x’i, x”j), as one may see in the following inequalities.

mn_n / / n . 1 / 1! /) / /
F(%:%‘) +F(55z':517j) 2 F(%%’) JFF(%%) & (7, 17) _F(%%’) 2 F(%»%’) _F<%l’j>

In other words, given different elements of theX§ghe inequality implies that the value
of the sum of the objective function for any condtion of the type (highest, highest)

and (lowest, lowest) elements of each of each blria more important than the sum of
any other combination of intermediate elementssTimequality not only expresses the
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property of increasing differences of the functiphin any pair of argument(si, %), but
also indicates the existence of complementaritewéen these variables that define it.

In addition, one may interpret the supermodulapprty of a function as a larger increase
of its marginal value when both of the argumenta phir wise study vary jointly rather
than when they vary one at a time, as a resuliptain an equivalent definition of the
notion of complementarities to that reflected bg tion negative cross differentiation in

the case of a continuous function.

3 Application to the economics of science:

3.1 A parametric approach on the supermodularity of

collective and individual scientific output.

Assuming that scientific production of researcholabories depends on the effort
performed by different categories of researchetgsadher laboratory characteristics; and
assuming that the underlying scientific productimnction is not truly known given that
the scientific production is only observed as ao$e@rrdered real values, it is appropriate
to assume that one may not directly infer the fimmeti form of the scientific production
of research laboratories or individual researcheegher may one able to state whether
the functions defining the scientific quality anebguction are endowed with continuity

and differentiability properties.

Therefore, the originality of the present analysd®s on the methods rather than the
intuition of complementarities itself, which hasebepresent in the economic literature
for some period of time in the field of the econosndf science. By implementing a
supermodular analysis, | study the observed rdakgaof the function denoting the total
scientific output of the research group over aaienperiod of time adapting a parametric
approach in which | estimate the scientific prodactand quality under the states of
complementarily and substitutability of a given pteuof arguments (Athey and Stern,
1998) to test whether the scientific output and liguain question present
complementarities among different arguments of fthrection under a supermodular

approach.
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In the case of research laboratories, the sciemifality and production | am interested
in is based on a set of variables which contairei@d elements and are defined by the
decomposition of scientific personnel into seveeakearcher classes. Given this setting,
| test whether joint variations of the number oftam types of researchers, or whether
joint variations of the amount of certain typesiding in a scientific laboratory with
respect to a fixed value have any influence onsttientific quality and production of

research laboratories.

Testing the outcome following these joint variatallows me to assess whether there are
complementarities between couples of variableschvim this particular case refers to
the complementarities between types of scientéispnnel and between different types

of funding resources available.

| focus my interest on the notion that the sciempfoduction of research laboratories is
a collective process in which a group of reseaschanrk together in order to synthesize,
assimilate, create and produce new bodies of krdgeleMy first analysis is therefore
based on a decomposition of the scientific persiooinesearch laboratories around the
following five different classes. For the purposetlis study, the decomposition is
defined according the hierarchical structure obegrwvithin the French higher

educational system:

» Senior personnel (or highly experienced: PhD. 6 82 years of active
research career), this category includes reseanacttars, university
professors, and medical university professors.iftliziduals belonging to
this category represent the most elevated ranks®archers in the system
and may be associated with the highly productivgmsnt of the Lotka’s
curve of scientific productivity.

» Junior personnel (or just experienced: PhD. + Sseh active research
career), this category includes confirmed reseasclassociate professors
(or maitre de conference), and medical associafegsors.

» Postdoctoral researchers, or young researchersanpefi-defined research
contract who are already entitled with the PhDahph. We may notice that
within this system, young researchers may pregdeee tualification and
go on to be associate professors without havingsseeily done a post
doctorate.

132



Chapter 4: Complementarities in ScientifesRarch

* PhD candidates, who are already entitled with a@nasdegree within the
academic system. They may be referred to as yoeswparchers although
this notion is not subject to age but rather toesigmce.

» Assistants, including engineers, technicians, &sHis second-class
professors, and other personnel, who accordingdgaefinition found in
the Frascati manual are considered part of the bbdgientific personnel

in a research institution.

These categories are defined not only by the naifquridical status represented by the
different diplomas a researcher may have validdiatlalso by the notion of experience
and professional achievements the researcher maeg bhtained through out his
scientific career and trajectory. Based on thisuargnt, we may place these categories
along the skewed curve of scientific productivimd study whether a situation where
complementary types of researchers affiliated tsame research laboratory work
collectively in order to produce a scientific outpoaterialized in the form of scientific

publications.

In addition to my interest in studying the completaey relations between types of
researchers, | also study whether there are conapieary relations between different
sources of research funds. For this purpose | hisenformation on research funding
available for the last two surveys of the analysigl perform a decomposition of the
research funding available at the laboratory adgogrtb the following categories (as

described in detail in chapter 2).

* Regional collectivities: Covering funding from regal organisms.

* Public recurrent funding: From public organismsasgsted to the labs such
as CNRS and INSERM.

* European Union: Covering funding from European cttmal programs
regarding scientific research.

e Other public funding: Covering funding from othergtic institutions such
as French ministries, Public investment banks ah@roCNRS project-
based funding.

* National and international private funding: Coverfanding received from
contracts with different private organisms, licexgsi and patent

exploitation.

133



Chapter 4: Complementarities in ScientifesRarch

3.1.1 Human resource complementarities in the scientific quality and

production of research laboratories

The objective of the present analysis is to loakthe existence of complementarities
between specific couples of researchers with rédpetiree different fixed values: the
average and median headcounts of the researches sii¢ghin a given disciplinary field,

the arrival of new researchers of a given statiseataboratory in between two periods,

and the headcount of researchers of a given stamusombination of laboratories.

| take into account the fact that research laboegachoose the amount of scientific
human resources distributed across different ranksitegories based on the experience
of researchers. | assume that the turnover of tihmeber of positions filled within a
laboratory from period to period helps it develowl/@r improve its scientific production
and the quality of its output.

Following this assumption, | used the framework@bermodularity to test whether there
are increasing differences in the scientific ougmd quality with respect to a fixed value
given the complementary or intermediate states afiqular pairs of researcher
categories. These states, defined by the combirsitiof the observation of elements
belonging to the variables above or below the fixaldie, are obtained by comparing the

headcount of a given researcher category withixeel fvalue in question.

| justify using a linear transformation to credte tomplementary and intermediary states
by the assumption that laboratories within the sdrseplinary field belong to the same
communities of practice, usually publishing in teeme set of scientific journals,
presenting their work in the same conferences)dfijpatent applications that are very
close coded, applying for the same type of pulbiit grivate financial sources and raising
opportunities of close industrial applications afmiming researchers with similar
interests. From this point of view, | proceed wiitle assumption that a parameter that

captures a behavioural aspect of a given laboratarst not be different from the same

18 State 1 denotes observations of variables 1 @ati?above a fixed value.
State 2 denotes observations of variables 1 aratt2lelow the fixed value.
State 3 denotes observations of variable 1 abodevamable 2 below the fixed value.
State 4 denotes observations of variable 1 belalwanable 2 above the fixed value.
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parameter estimated from a random sample drawn tiherpopulation in a given subset
of laboratories in a same discipline and field.

The complementary and intermediate states of appadisearcher categories with respect
to the median practices in the disciplinary fietd therefore obtained by comparing the
headcounts of researchers in a specific rank Wighntedian count of researchers in the
same rank within laboratories of the same discgpiirfield. Taking the couple of senior
and junior researchers as an example, | first tatled the median count of seniors and
juniors by disciplinary field (life science, matt&eience and social and human science),
then for each unit of analysis | compared whethersenior and junior counts are higher
or lower than their median headcount in the digcgpy field.

Following this comparison, | generated a set of lwmmy variables, two of which will
indicate which are the laboratories presenting mpementary state between the two
variables (seniors and juniors). The first completagy state (S1) takes a value of 1 when
both counts of senior and junior researchers gtednithan their median count within the
discipline and O otherwise, while the second completary state (S2) takes a value of 1
when both counts are lower than their median withefield and O otherwise. The other
two dummy variables and will indicate which are tladoratories presenting an
intermediate state between the two variables (senémd juniors), with the first
intermediate state (S3) taking a value of 1 if$kaior count is higher than the median
senior count within the disciplinary field and tlumior count is lower than the median
count within the discipline, while the second imediates state (S4) takes a value of 1 if

the inverse is verified.

Moreover, | also established the complementary iatefmediate states of pair wise
couples of researchers categories with respedtetio turnover, which is mentioned in
previous chapters, detailing the evolution of seniniors, PhD’s and post doctors and
assistants. For this purpose, | also generated afsummy variables that take into
account the joint turnover of a pair of categoriesking once again the couple of senior
and junior researchers as an example, this setroiy variables indicate the following
four cases: 1) both seniors and juniors presengégative turnover meaning that in
between two given periods (ministry surveys) tieadcount actually shrank, 2) while
the seniors researchers present a positive turrgogven a change of period, the junior

researchers present a negative turnover, 3) wielseénior researchers present a negative
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turnover, the junior researchers present a postdine and finally 4) both seniors and
juniors present a positive turnover given a chasfgeeriod.

It is important to notice that when using the twoin time of researcher headcounts in
a given rank or status, the analysis only takes actount the couplesenior — junior,
senior — assistant, and junior — assistaegearchers. The reason of this limitation is that
we cannot observe the actual evolution of reseasdtmight from the laboratory dataset
but rather from the personnel dataset, which doégmovide any information on PhD’s
or post doctors since they are considered non-peentgersonnel in the original data

from the ministry and therefore lack hominativeormhation.

Once the set of dummy variables in each of thesecages is defined | proceeded to test
whether the scientific output and quality presemteasing differences in the different
pairs of researcher ranks or status. Following ptaed Stern, 1998, | performed the
estimation of the scientific output (laboratory poétions according to three different
aggregation hypotheses) and its scientific qudiitgdian and average impact factor of
laboratory publications according to three difféaraggregation hypotheses) using the
parametric regressions performed in chapter 3 edlé¢terminants of research output and
quality. In the present case, these estimation® vaegmented by the set of dummy
variables taking into account the complementaryiateimediate states given pair wise

couples of explanatory variables.
As a result, in the case of the output estimatioa following model was used:

Contributions and/or Fractional publications=

exp (B Size: + X Institutional Researchers+ 33 Institutional Personnegl

+ R4 Defended Thesas Rs Ag€i: + 3 Careefi; + R7 OST data collection methqd
+ 3g Matter Science + 3 Humanities + 310 Life Science

+ 311 Couple0@: + R12 Couple0i: + 313 Couplel@ + R4 Coupleld:) &it
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While in the case of the quality estimation we ugedmodel:

Average and/or Median Impact Factor

exp (3 Size: + ¥ Institutional Researcherst 33 Institutional Personnel

+ R4 Defended Thesgs s Ag€i: + R Careeri;

+ 37 Lagged Contributions + 3s Lagged Qualityt + Bo OST data collection methqad
+ 310 Matter Science + 311 Humanitieg: + (%12 Life Science

+ 313 Couple0@: + R4 Couple0i; + 315 Couplel@ + R1s Coupleld:) &it

In each of these models the variable CoupleOOatsfitne complementary state 1 where
both arguments in the pair of interest are in thewer state, CoupleO1 reflects the
intermediate state where the first argument ininipan the upper state and the second
argument in the lower state, Couplel0 represertsdmplementary state where the first
argument is in the lower state and the secondenugiper state and finally, Couplell
represents the complementary state where both amsmare in their upper state; these

variables take the value 1 if the laboratory vesfihat condition.

Once the models where estimated, | isolated thessgpn coefficients of the four dummy
variables and performed a one sided Student teshich the null hypothesis indicates
the absence of differences between the sum of @meitary and the sum of
intermediate states, against the alternative hgsighwhich indicates that the difference
is positive. This rejection of the null hypothesimplies that there are increasing
differences of the objective function in the coupl@rguments under study and therefore
that the property of supermodularity is verifiecd &consequence, the dependent variable

has complementarities in the pair of argumentaugston.
Ho: 3[Couple00]+ [Couplell]- R[Couple01]- B[Couplelld O

H1: B[Couple00]+ R[Couplell]- R[Couple01]- B[Couplelld O
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Table 14 Human resource complementarities in outpu  t and quality with

respect to median headcounts in the disciplinary fi eld
Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 | Prob. Dependent 2
yearsbeforesurvey | yearsafter survey yearsbefore and
after survey
enio 0 Fractional Publications 0.9824095 0.9588623 0.9786398
enior-PhD Postdocto Fractional Publications 0.6996165 0.606921 0.662044
enior-A a Fractional Publications 0.1136377 0.0165555** 0.0235332**
or-PhD Postdocto Fractional Publications 0.5587825 0.5252246 0.57699
or-A 3 Fractional Publications 0.9549829 0.7145278 0.8602837
Phd Postdoctor-A a Fractional Publications 0.997601 0.9477361 0.989512
enio 0 Contributions 0.9920784 0.9631689 0.9866799
enior-PhD Postdocto Contributions 0.7762324 0.851388 0.8277264
enior-A a Contributions 0.1324674 0.0190826** 0.03342*
or-PhD Postdocto Contributions 0.4110067 0.5426458 0.473024
or-A 3 Contributions 0.4546687 0.2859102 0.2949917
Phd Postdoctor-A a Contributions 0.6283655 0.6347317 0.5836453
ouple Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 | Prob. Dependent 2
yearsbeforesurvey | yearsafter survey yearsbefore and
after survey
enio 0 Average Impact Factor 0.596337 0.2954883 0.39302
enior-PhD Postdocto Average Impact Factor 0.8645139 0.6485621 0.8257767
enior-A a Average Impact Factor 0.9010782 0.6753839 0.7501166
or-PhD Postdocto Average Impact Factor 0.2340702 0.0741724 0.0925124
or-A a Average Impact Factor 0.9757115 0.8676404 0.9322123
Phd Postdoctor-A a Average Impact Factor 0.944791 0.9115582 0.8875781
enio 0 Median Impact Factor 0.7545736 0.8016902 0.5168068
enior-PhD Postdocto Median Impact Factor 0.8409694 0.8414475 0.7192562
enior-A a Median Impact Factor 0.4645946 0.4208481 0.552868
or-PhD Postdocto Median Impact Factor 0.6086327 0.1422869 0.3832792
or-A a Median Impact Factor 0.4185542 0.9098119 0.8543112
Phd Postdoctor-A a Median Impact Factor 0.0588375 0.7361779 0.384979

When | performed this analysis in the case wheeectimplementary and intermediates
states are defined with respect to the median sowithin the disciplinary field, | found
that both, total contributions to publications aothl fractional publications, display
increasing differences in the couplenior-assistantor two aggregation caségmodels

2 and 3) with the null hypothesis being rejectethat5% and 10% threshold.

These results, reported on Table 14 show thatupermodular condition of increasing
differences is verified by the data in the coupfesenior and assistant researcher

categories. These findings imply that the scientfitput of research laboratories is more

19 The aggregation cases are the models 1, 2 and@midit aggregation defined in chapter 3:
Model 1 corresponds to the sum of contributions @ugears before the ministry surveys.
Model 2 corresponds to the sum of contributions @ugears following the ministry surveys.
Model 3 corresponds to the sum of contributiongdrg around the ministry surveys.
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important in laboratories that choose to increds® lteadcounts of both senior and
assistants researchers beyond their median leuiswheir disciplinary field rather than
just one category at a time. On the other handgthesults from these analyses also show
the absence of any increasing differences in asgareher couple when it comes to the
study of the laboratory scientific quality measuegtier by median average publication

impact factors.

When performed in the case where the complemeatatyntermediate states are defined
with respect to the turnover in time of researcltategories, the analyses of
supermodularity on the scientific output (total tdoutions to publications and total
fractional publications) show an absence of indérepglifferences any couple of
arguments, while the analysis on the scientificliqualoes reflect the existence of

increasing differences in the couglenior-assistant

In fact, the null hypothesis is rejected at the th¥eshold for the average impact factor
of laboratory publications for all three aggregatimodels (2 years before, 2 years after
and 4 years around the ministry surveys$lese results, reported on Table 15, tell us that
the average impact factor of publications is mongartant in laboratories where the
headcount of senior researchers evolves in the daewion as the assistant researchers

with respect to time.
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Table 15 Human resource complementarities in outpu

respect to researcher turnover

t and quality with

Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 | Prob. Dependent 2
yearsbeforesurvey | yearsafter survey yearsbefore and
after survey
enio 0 Fractional Publications 0.9768803 0.9185567 0.9667856
enior-PhD Postdocto Fractional Publications 0.9228107 0.9296246 0.98371
enior-A Fractional Publications 0.9494203 0.9725817 0.972655
enio 0 Contributions 0.9262099 0.9333935 0.923689
enior-PhD Postdocto Contributions 0.7643848 0.7831147 0.8042425
enior-A Contributions 0.9106068 0.9863397 0.9645615
ouple Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 | Prob. Dependent 2
yearsbeforesurvey | yearsafter survey yearsbefore and
after survey
enio 0 Average Impact Factor 0.8666762 0.434693 0.5395915
enior-A Average Impact Factor 0.0098488** 0.0157561** 0.0071473**
or-A Average Impact Factor 0.078205 0.6263347 0.2851948
enio 0 Median Impact Factor 0.9912199 0.7446771 0.3998561
enior-A Median Impact Factor 0.845216 0.2501828 0.2254952
or-A Median Impact Factor 0.8671675 0.2743752 0.6045821

3.1.2 Complementarities of funding sources in the scientific output and

quality of research laboratories

Taking the analysis of complementarities in themstfic output and quality beyond the
scope of human resources and focusing on the pessimplementarities between
different types of funding sources available atl#®oratory. For this purpose | selected
six different couples of funding types out of tHegair wise possibilities of combination;
the first couple | defined igotal private funding; total public fundingyhich takes into
account the aggregates of all sorts of private inmm@nd the aggregates of all sorts of
public funding. In order to define the other cogpdé the study, | used the decomposition
of the total private and total public funding amdted out the following coupldsegional
funding; European funding}, {private funding; Eyean funding}, {private funding;
regional funding}, {private funding; recurrent publfunding} and finally {private

funding; other public funding}

Once the couples of funding sources were defined@wing an analogous procedure
as used in the previous section, | establisheddhglementary and intermediate states
of which each laboratory or research unit, firsthwiespect to the median amount of
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funding available within the disciplinary field atlden with respect to the evolution of
these figures across time from the 2004 surveligd®008 survey.

To proceed with the analysis | performed a stan@atanation of the contributions to
publications, the fractional publications and tkierage and the median impact factor of
laboratory publications on the explanatory variabtiefined in the previous chapter,
augmented by our recently defined complementary iatefmediate states for each
couple of funding source type; in the case of sdieroutput and quality, the models in

question may be expressed as follows.

Contributions and/or Fractional publications=

exp (B Size: + [» Total Funding: + % Institutional Researchers

+ R4 Institutional Personnel + Rs Defended Thesgs s Ag€i: + 37 Careefiy
+ g OST data collection methad Ry Matter Science

+ 310 Humanities: + 311 Life Science

+ 312 CoupleO@: + 313 CoupleOi: + 14 Couplel®: + 315 Couplell:) it

Average and/or Median Impact Fac{pr

exp (B Size: + X Total Funding: + 3 Institutional Researchers

+ R4 Institutional Personnel + Rs Defended Thesgs+ s Ag€i: + R7 Careeri:

+ [3g Lagged Contributiong + g Lagged Qualityt + R10OST data collection methgqd
+ 311 Matter Science + 312 Humanities: + 313 Life Science

+ 314 CoupleO@: + 315 Couple0i: + 316 Couplel®: + 317 Couplell:) &it

Where the variables Couple00 and Couplell denetedmplementary state among the
couple of funding types under analysis and thealdes Couple01 and Couplel0 denote

their intermediate state.

Following the estimation of these models, | isalatbe coefficients related to the
complementary and intermediate dummy variablegtibpm a one sided test that would
assess whether the effects of the complementamssiee greater than the effects of the
intermediate states. The null hypothesis of theisedefined by the equality between the
effects of complementary and intermediate statbfewhe alternative hypothesis states
that the effects of the complementary states areemmportant that the intermediate

20 | et us recall that the data on funding is avadaolr the period 2001 — 2008, which after aggregati
corresponds to the funding related to the declamatin surveys 2004 and 2008.
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states, which implies the existence of increasiffgreénces and verifies the property of

supermodularity of the objective function.

Ho: 3[Couple00]+ R[Couplell]- R[Couple01]- B[Couplelld O

H1: B[Couple00]+ R[Couplell]- R[Couple0l]- B[Couplelld O

Table 16 Research funds complementarities in outpu

respect to median headcounts in the disciplinary fi

t and quality with
eld

Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 | Prob. Dependent 2
yearsbeforesurvey | yearsafter survey yearsbefore and
after survey
otal P e-Total Pub Fractional Publications 0.4849931 0.8193481 0.5969303
P e-Other Pub Fractional Publications 0.0207396** 0.0601348 O fRms*
Regiona ope Fractional Publications 0.2073746 0.3330602 0.2136264
P e-Re ent Pub Fractional Publications 0.8929004 0.9764475 0.96883
Private ope Fractional Publications 0.8821127 0.9757158 0.9330105
Private-Regio Fractional Publications 0.0020415*** 0.0360241* @O3504***
otal P e-Total Pub Contributions 0.123179 0.3351073 0.164146
P e-Other Pub Contributions 0.0059462** 0.0282073* 0.0128295**
Regiona ope Contributions 0.6178447 0.857596 0.6942675
P e-Recurrent Pub Contributions 0.2815856 0.6114983 0.3680109
Private ope Contributions 0.9921809 0.9953012 0.9947348
Private-Regio Contributions 0.010541** 0.0619932 0.0244895**
ouple Dependent Variable | Prob. Dependent 2  Prob. Dependent 2  Prob. Dependent 2
yearsbeforesurvey  yearsafter survey year s before and
after survey
otal P e-Total Pub Average Impact Factor 0.0543508 0.8150028 0.2559608
P e-Other Pub Average Impact Factor 0.0705474 0.3456398 0.1237085
Regiona ope Average Impact Factor 0.8970969 0.6728547 0.7378079
P e-Re ent Pub Average Impact Factor 0.4146907 0.8966217 0.61789
SAVEE ope Average Impact Factor 0.4015139 0.3982912 0.4359732
Private-Regio Average Impact Factor 0.4984504 0.7034366 0.5146751
otal P e-Total Pub Median Impact Factor 0.0522981 0.3009634 0.3907497
= e-Other Pub Median Impact Factor 0.3751381 0.6742848 0.2736721
Regiona ope Median Impact Factor 0.9292322 0.8673056 0.8526491
P e-Recurrent Pub Median Impact Factor 0.8002831 0.8676892 0.8468049
Private ope Median Impact Factor 0.4829669 0.8682185 0.873207
Private-Regio Median Impact Factor 0.9935992 0.9826077 0.9726111

The results from the analysis, reported in TabledE@l with the case where | tested the
existence complementarities with respect to theiamedmount of funding available
within the disciplinary field. These results sholatt the total fractional publications
aggregated over 2 years preceding the ministryegsnand over 4 years around the
surveys (models 2 and 3) present increasing diftee in two different couplegrivate-
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regionalfunding andprivate-other publidunding rejecting the null hypothesis at the 5%
threshold, while the total fractional publicatioaggregated over two years after the
ministry surveys also presents increasing diffeesnm the couplerivate-regional

funding. In addition, a similar result is found the case of the analysis of total

contributions to publications, with increasing di#nces in the same couplasvate-

regional funding andorivate-other publidunding.

Table 17 Research funds complementarities in outpu

respect the evolution of funding

t and quality with

Dependent Variable Prob. Dependent 2 Prob. Dependent 2 Prob. Dependent 2
years before survey years after survey yearsbefore and
after survey
otal P e-Total P Fractional Publications 0.7924325 0.7717285 0.8157827
Private-Other Pub Fractional Publications 0.4425136 0.6877862 0.69884
Regio ope Fractional Publications 0.975404 0.8295827 0.9513118
P e-Re ent P Fractional Publications 0.698488 0.7664748 0.758609
Private ope Fractional Publications 0.8745474 0.5504888 0.7552507
P e-Regiona Fractional Publications 0.1256217 0.3902664 0.29866
otal P e-Total P Contributions 0.5284546 0.6075554 0.5904669
Private-Other Pub Contributions 0.5859264 0.8962966 0.7476608
Regio ope Contributions 0.8919354 0.6233038 0.8546662
P e-Re ent P Contributions 0.3244113 0.4090492 0.4691262
Private ope Contributions 0.6619228 0.4831989 0.5607742
P e-Regiona Contributions 0.3213538 0.5673594 0.420301
ouple Dependent Variable Prob. Dependent 2 Prob. Dependent 2 Prob. Dependent 2
years before survey years after survey yearsbefore and
after survey
otal P e-Total P Average Impact Factor 0.4395955 0.3588798 0.4193687
Private-Other Pub Average Impact Factor 0.2751356 0.7044091 0.4803203
Regio ope Average Impact Factor 0.362156 0.5106893 0.5183387
P e-Re ent P Average Impact Factor 0.2258822 0.6159008 0.5363073
SAVEE ope Average Impact Factor 0.6361058 0.4252017 0.5247564
P e-Regiona Average Impact Factor 0.7536202 0.814167 0.8532561
otal P e-Total P Median Impact Factor 0.5327173 0.6800896 0.4529855
Private-Other Pub Median Impact Factor 0.27567 0.3302296 0.1523155
Regio ope Median Impact Factor 0.3121834 0.5464404 0.3988759
P e-Re ent P Median Impact Factor 0.1091365 0.402311 0.2511885
Private ope Median Impact Factor 0.2819652 0.4524027 0.1924215
P e-Regiona Median Impact Factor 0.4853843 0.4810208 0.4823908

These results teach us that as laboratories rebgter amounts of private and regional
funding, both over their median within the disanglry field, their sum of fractional
publications will by more important than if only@wof these financial sources were to be

higher than its median within the disciplinary diel
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Unfortunately, the results from the analysis of ptementarities of the average and
median impact factors, with respect to the medmaunts available within the discipline,

reported on Table 16, show there is an absencedasing differences (no rejection of
Ho) in any couples of funding; while in the case lo¢ tanalysis with respect to the
evolution of funding in time, for which the resuéiee reported on Table 17, none of the
dependent variables indicating either output ofiugresent any increasing differences

in any couple of financial sources.

3.1.3 Complementarities between coauthors in the individual scientific

production

In addition to the analysis of complementaritieghia scientific output and quality of
research laboratories, | also performed an anal@madysis on the actual individual
contributions to scientific publications. Given timitations of the personnel dataset, |
performed this analysis taking into account ong/¢buples of coauthorsenior — junior,

senior — assistant, and junior — assistagsearchers.

Similarly to the analysis in the previous subsettiere | studied the output and quality
of laboratories, | established the complementary iatermediate states of coauthoring
with respect to the median headcount of coauthoesgiven rank within the discipline

and with respect to the evolution in time of thiggeres. Once the set of dummy variables
describing each of the states was defined, | pmddr a regression analysis of the
dependent variables (individual output and quality)the set of explanatory variables
describing the environment in which researcherkwhiese models may be detailed in

the following expressions.
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Contributions and/or Fractional Publications=

exp ( 3 Habilitation to direct researgh+ R Senior Researchgr

+ B3 Junior Researcher+ R4 Assistant Researcher 35 Institutional CNRS
+ R Institutional INSERM + R; Other Institution: + Rs Ag€i.

+ g Careefis + R10OST data collection methad 311 Matter Science

+ B12 Humanities + R13 Life Science + R14 Couple0Q: + 315 Couple0i:

+ B16 Couplel@: + R17 Coupleldy) &it

Average and/or Median Impact Factor

exp ( 3 Habilitation to direct researgh+ R Senior Researchgr

+ B3 Junior Researcher+ R4 Assistant Researcher 35 Institutional CNRS
+ R Institutional INSERM + R; Other Institution: + Rs Ag€i.

+ By Careefi: + Rip Lagged Contributions + 11 Lagged Quality

+ 312 OST data collection methqd(313 Matter Science + 314 Humanitieg:

+ 335 Life Science + 316 Couple0@: + 317 Couple0i: + R1g Couplelt:

+ 319 Coupleld) it

Once again, after the estimations were run, | iedlthe coefficients related to the dummy
variables and performed a one sided test on tleréifce between the sum of the effects
of the complementary states and the sum of thetsftd the intermediate states. The null
hypothesis expresses the absence of differences®ethese sums, while the alternative
hypothesis expresses the existence of increadifegatices and therefore the property of

supermodularity of the objective fonction.

When looking at the results from the analysis ahptementarities in a given pair of
coauthors with respect to the median counts ofttmasi in the disciplinary field, reported
on Table 18, one may learn that all dependent bisareflecting the scientific output
display increasing differences in the couesior-assistanandjunior-assistantunder

all three aggregation models with the null hypoiheging rejected at the 5% threshold.

Moreover, when looking at the results of the samalyesis on our quality indicators
(average and median impact factors), we learrothigtthe average impact factor presents
increasing differences in the couplenior-assistantfor all three aggregation models
around a survey and in the couple senior-assisthen the publications are added from

2 years before the survey (model 1) and when atlw@dyears after the survey (model
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2). What is important to notice here is that botitpat and quality of individual
researchers present complementarities in the ceuplesenior-assistant and junior-
assistant coauthors, meaning that the output aatityof an individual will be more
important when both his/her number of collaboratiasth senior and/or junior coauthors
and his/her number of collaborations with assistduthors are above the median
practice within the discipline rather than one aband the other under this threshold.

Table 18 Coauthor complementarities in output and quality with respect
to median headcounts in the disciplinary field

Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 Prob. Dependent
yearsbeforesurvey | yearsafter survey | 2yearsbeforeand
after survey
enio 0 Fractional Publications 0.8341061 0.9982534 0.8372663
enior-A a Fractional Publications O Qrxx Qrxx
or-A Fractional Publications Q**x Q**x Q**x
enio 0 Contributions 0.2928228 0.9885841 0.5229291
enior-A a Contributions O*+* Ox+* O***
or-A Contributions O*** Qrxx Qrxx
ouple Dependent Variable Prob. Dependent 2 | Prob. Dependent 2 | Prob. Dependent
yearsbeforesurvey | yearsafter survey | 2yearsbeforeand
after survey
enio 0 Average Impact Factor 0.8401735 0.9966403 0.9403767
enior-A a Average Impact Factor 0.0001046*** 0.0000394*** 0.197248
or-A Average Impact Factor 0.00000137*** 0.0002834*** 000000119***
enio 0 Median Impact Factor 0.9038072 0.7948627 0.8592337
enior-A a Median Impact Factor 0.0517593 0.1218691 0.3537748
or-A Median Impact Factor 0.9101458 0.1882279 0.3704177

Further into the analyses, the results concernmigplementarities in a couple of
variables with respect to their evolution in tinneported on Table 19, show that both
output variables, contributions and fractional dsupresent increasing differences in the
couple senior-assistantvhen aggregated over 2 years following the ministiyveys
(model 2) and over 4 years around the these sufusydel 3); the coupl@nior-assistant
shows the same effects only when aggregated oyear3 following the surveys (model
2).

Regarding the quality of the individual researche tresults from the analysis of
complementarities with respect to the evolutioringfividual coauthor counts in time,
also reported on Table 19, reveal that the avaragact factor of individual publications
presents increasing differences in the cowgalrior-assistantvhen aggregated over 2
years preceding the survey (model 1) and in th@legunior-assistanivhen aggregated

over 2 years following the survey (model 2) andravgears around the survey (model
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3); while the median impact factor only shows isiag differences in the couplaior-
assistantwhen aggregated over 2 years following (model &) aver 4 years around

(model 3) the surveys.

What we must notice from these results is that batividual research output and quality
present complementarities in the couples of sesssrstant and junior-assistant
coauthors from a supermodular point of view, whmubans that their real values will be
more important when the number of collaboratiorratividual has with senior and/or
junior coauthors evolves in the same directioniafhér number of collaborations with

assistant coauthors.

Table 19 Coauthor complementarities in output and
to their evolution in time

quality with respect

Dependent Variable Prob. Dependent 2 Prob. Dependent 2 Prob. Dependent 2
yearsbefore survey year s after survey year s before and
after survey
Fractional Publications 0.4790193 0.8687427 0.7228822
Fractional Publications 0.0339043* 0.0033512* ORBID***
Fractional Publications 0.9999506 0.000000298*** 0.3897781
Contributions 0.8267853 0.5476565 0.0145394**
Contributions 0.1084794 0.000496*** 0.0019827***
Contributions 0.9999149 0.0004228*** 0.6730325
Dependent Variable Prob. Dependent 2 Prob. Dependent 2 Prob. Dependent 2
years before survey years after survey yearsbefore and
after survey
Average Impact Factor 1 1 0.9921218
Average Impact Factor O*** 0.0256637* 0.2218094
Average Impact Factor 1 Qrxx Qxx
Median Impact Factor 1 1 0.480719
Median Impact Factor 0.1692595 0.3290173 0.9767523
Median Impact Factor 0.999999 Q**x 0.000000656***

3.2 Complementarities in scientific output and quality: A

supermodular non-parametric approach.

Up to the previous section | had based the anabyfsesmplementarities solely on a non-
parametric modification of the procedure developgdthey and Stern; | used standard
regression techniques to obtain an estimator ofsttientific output and quality of

research laboratories and individual scientistssindied the existent complementarities

given a set of dummy variables capturing the complgary and intermediate states of
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couples of explanatory variables defined by theodgmsition of human and financial
resources into researcher categories, coauthos gme funding sources.

Following these estimations | retrieved the undegycomplementarities with the help
of a one sided test on the differences in the &ffetthe sum of the complementary state
coefficients and the sums of the intermediate staefficients, which expresses the
condition of increasing differences, and verifies property of supermodularity implying

the existence of complementarities of a real vafuedtion in a given pair of arguments.

However, the method developed in the previous @ecto asses the existence of
complementarities between pairs of researcher cagsgmay present a few shortfalls,
for instance, when defining the complementary arntdrimediate states of the units of
analysis given a pair of arguments we may find ithasome cases, the sample of
laboratories and individual researchers in theymmalmay present only a few or even
lack observations for one or more of these stétesn example, in the case of the states
defined for the couple of argumensenior-junior affecting the output of research
laboratories, if neither the count of senior reskars nor the count of junior researchers
is over the fixed value (median counts within thecgblinary field or direction of the
evolution in time) we will be in absence of obséimas describing the upper
complementary state (couplell); in this case, tt@nation of the effects of the
complementary and intermediate states on the depénariable will only include the
effects captured by the remaining dummy variabtesile00, couple01 and couplel0)
creating a distortion in our hypothesis test thatild assess the existence of increasing
differences.

The solution to this problem lays on the fact tiat supermodularity framework allows
the study of the real values of the objective fiorctwithout imposing any functional
form or any condition of continuity and concavity i; therefore, | adapted and carried
the analysis on the actual observed values of sigeautput and quality following a
non-parametric procedure based on Beresteanu, Fa®3his purpose | drew a non-
parametric estimator of the real valued functiomemstudy so that it reflected the
phenomena under the effects of one of our compleangr intermediate states. The
non-parametric estimator was obtained through gkaof combination of real valued
observed in the dataset.

To verify that our data fulfils the condition ofdreasing differences under the framework

of supermodular functions, | built several sampiesombinations of 4 different units of
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analysis (collective and individual scientific outpand quality) randomly drawn from
their original dataset throughout a process of $amgwithout repetition that would
always ensure that one observation is defined doh ene of four states. | built such
samples with objective of obtaining a set of foealrvalues of the scientific production
and quality function of research laboratories argtifutional researchers that may fit the
condition of increasing differences given the dlgi ordered set of arguments
(categories of researchers, categories of fundmgces and categories of coauthors

depending on the analysis of interest).

Each one of the observations in a given combinasoanked from 1 to 4 according to
its respective laboratory share of researcher oategyof interest for a given pair wise
comparison so that each observation may represendfothe four possible states of the
objective function within the condition of increagi differences being the
complementary and the intermediate stdte®nce each of the four observations is
identified with its position within the increasimfferences inequality we may evaluate
it to assess whether or not the sum of complemgstates reflect a higher outcome than

the sum of intermediate states.

Vit Yy2>2Y3+ Y4

By applying simple algebra one may reinterpretdbiedition as the ratio of the distance
between complementary states to the sum of thandies between the initial and

intermediate states and assess which of thesencestas greater.

Vit Yy2>2Y3+ Y4
<=>yi1tya—2Yi> Y3t ya— 2y
<=>(y2—y) /{(ys—y) + (ya—y)] - 120
If the scientific production and quality shows cdempentarities within its pairs of
researcher categories, then the variation of tsimice of the output or quality, when the
level of researchers in both categories moveslyointthe same direction towards a
higher element in the order with respect to théahstate, should be greater than the

21 The complementary states are defined by:

State 1: The initial state, or where both argumehtke function are at their lower levels withiretsample.
This state is equivalent to model 1 in the analg$ithe estimated output.

State 2: The state where there is a joint evolutidihe arguments with respect to the statel. ifioidel is
equivalent to model 2 in the analysis of the estmautput.

State 3 and 4: The state where there has only d&eewolution of one or the other argument with eesp
to statel. These states are equivalent to modatsl 3 in the analysis of the estimated output.
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variation of the sum distances between the obsavugulit or quality when the level of
researchers in each category moves separately.

| proceeded with several random extractions of ftitferent research groups at a time,
each one fulfilling a position within the structwethe increasing differences inequality
given the lowest and highest elements in a couplerguments(xs, x), or shares of
researcher categorf@sThen | ranked each research group in a randonbic@tion of
four according to two of its categories of researshwith rank 1 being the research group
with the lowest shares of researchers in each @atetank 2 being the research group
with the highest shares of researchers in eacly@ateand ranks 3 and 4 being the other
two research groups with intermediary shares daehers.

As an example or illustration, imagine four resbdeboratories randomly drawn from
the sample and call them alpha, beta, gamma, dtej tfeen rank them according to a
pair of categories of researchers (seniors anajs)ithe first research group, alpha, has
a share of 10% senior and 10% junior researchegsefore it holds rank 1, the second
research group, beta, has a share of 40% seniot@¥dunior researchers and it holds
rank 2, through their observed production these taboratories represent the
complementary states in the combination; the ativerlaboratories, gamma and delta,
have shares of 20% senior and 30% junior, and 3Ri@sand 20% junior researchers
respectively, and thus they hold ranks 3 and 4,theid observed production represents

the intermediate states in the combination.

In order to implement this method, | obtained abiased estimator of the output and
qguality using a non-parametric bootstrap estimatwith one hundred repetitions

calculating and storing the estimated values ofiiy@endent variable. For this purpose |
used the exact same regression models describelpter 3 on the determinants of

scientific production and quality.

The next step in the analysis was to generate alesets of observations containing an
element for each of the four states accordingdé@tiocedure described above to establish

the following indicator:

(2—71) I [(3—71) + (Pa—y1)]

22 \We recall the categoriesk(x) are defined by the following couples: (Seniot®idrs), (Seniors, Post
doctors and PhD’s), (Seniors, Support Staff), @iPost doctors and PhD’s), (Juniors, Suppoff)Sta
(Post doctors and PhD’s, Support Staff).
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This indicator captures the distance between tess@ated values when their arguments
evolve jointly and separatéfy therefore preserving the existence of pair wise

complementarities among the arguments definindguhetion.

The process was repeated several times to obtandmm sample without replacement
of evaluations of the total contributions, the kdtactional publications and the average
and median impact factor of publications accordmall three models of publication

aggregation in the laboratories.

In fact, if the scientific production and qualityegsents pair wise complementarities
among its arguments, then the distance betweeedirated output or quality at any
initial level of two arguments and their estimatemlue when both arguments have
increased jointly should be larger than the sumistinces from their estimated value at

the initial level to the estimated value when amig argument or the other has increased.

Hence for the sample of laboratories | generated stiatistic based on the distance
indicator, which in presence of complementaritiesdgen the researcher categories any

two categories of argumerksand| should be greater than 1.
A= dcomp/ (dinter category Kt dinter category)

To assess the existence of complementarities betwlee couples of arguments |
performed a one-sided test of the t¥faeA-1 = 0, Hi: A-1 >0 where the null hypothesis
indicates that the distance between two estimaahicks of the scientific production or
quality given a joint variation of a couple of angents is equal to the sum of distances
between the estimated values given a separatdigart the arguments. The alternative
hypothesis on the other hand indicates that thtarke between the estimated values in
the case of a joint variation of arguments is latgan the sum of distances between the
values in case of a separate variation of thosanaegts, revealing the existence of
increasing differences and verifying the existesfosomplementary relationships among

the couple of arguments in question.

This analysis on the estimated values of the s@ieptoduction and quality of research
laboratories assesses the existence of complentestavithin the process of scientific
research production and quality based on a supenaodon-parametric framework and

attempts to be more realistic than a simple panacremalysis of these phenomena.

ZWhere the distance between complementary statiesireed bydcomp= (2—71), and the distance between
|ntermed|ate States |S deﬁned @Mer category k= ();3__);1) anddinter category 1= ();4_);1).
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3.2.1 Human resource complementarities in collective scientific production

and quality under the non-parametric approach on supermodularity.

The results from the analyses on the scientifipoubdf research laboratories under the
non-parametric approach reported on Séftaifles 20 show that the total contributions

to publications present complementary relationshipsll categories of researchers
during the whole period of analysis and under lateé assumptions on the output
aggregation in the case of contributions to pubibices and fractional publications.

Regarding the relationship among seniors and teahstaff (assistant researchers), the
evidence of complementarities in all periods ofdimonfirms some of the insights

obtained in the previous section; the fact thaséheomplementary links are constant in
time across all periods reveals that the sciertifiput relies in on a strong link between

couples of researchers.

Set of Tables 20 Increasing differences intypes o  fresearchers by period
(estimated laboratory output)

Model Pair of researchers 1996 | 2000 | 2004 | 2008
Model 1: Couple Prob.HO Prob.HO Prob.HO Prob.HO
Aggregation Senior-Junior** 4.16e-08** 6.74e-09** 2.26e-08** 4.73e-06**
°Ve(;;rr‘: z Senior-PhD Postdoctor* 1.72e-09%* 0.1081446 4. 786 2.53e-14**
pregeding the Senior-Assistant** .0000765** 0.1092477 2.54e-06** 1.59e-10**

surveys Junior-PhD Postdoctor** 1.52e-13** 3.05e-07** 8.91&** 1.67e-12**
Junior-Assistant** 8.24e-12** 1.77e-08** 4.98e-10** 1.30e-07**
PhD Postdoctor-Assistant** 4.23e-15** 1.43e-06** 091689** 2.50e-16**

Model 2: Couple Prob.HO Prob.HO Prob.HO Prob.HO
Aggregation Senior-Junior** 4.35e-16** 7.49e-07** 5.37e-10** 002597**
°Ve(;;rr‘: z Senior-PhD Postdoctor* | 3.68e-14** 2.75-06** 1.11e-12% 1.09e-07**
follo)\//ving the Senior-Assistant** 1.55e-13** 3.96e-13** 9.55e-06** 2.75e-10**
surveys Junior-PhD Postdoctor** 6.54e-15** 3.25e-10** 1.05e-13** 1.57e-09**
Junior-Assistant** 3.88e-12** 5.14e-13** 1.09e-08** 7.75e-07**
PhD Postdoctor-Assistant** 1.30e-14** 9.85e-11** 2.00e-16** 3.51e-14**

Model 3: Couple Prob.HO Prob.HO Prob.HO Prob.HO
Aggregation Senior-Junior** .0000143** 3.75e-08** 8.37e-06** .0000195**
";’er?ofeﬁa;s Senior-PhD Postdoctor* 1.60e-10** 4.35e-08** 2.208" 2.19e-10**
years after Senior-Assistant** 2.81e-11** 5.00e-12** .0000141** .0059764**
Y Junior-PhD Postdoctor** 9.38e-07** 3.90e-09** 7.508** 8.62e-12**
Junior-Assistant** 1.15e-10** 2.39e-13** 2.31e-07** .0131172**
PhD Postdoctor-Assistant** 7.09e-13** 3.75e-14** 10@e-08** 8.07e-16**
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Model Pair of researchers 19%6 | 2000 | 2004 | 2008
Model 1: Couple Prob.HO Prob.HO Prob.HO Prob.HO
Aggregation Senior-Junior** 2.30e-08** .000043** .0010154** .0068741**
°"eégr‘: z Senior-PhD Postdoctor* 3.96e-08** 1.85e-06** 0QUB** .0012039*
pregeding the Senior-Assistant** 9.53e-07** 1.15e-07** .0000469** .0046768**
surveys Junior-PhD Postdoctor** 1.71e-11* 9.08e-06** .O@BD** .0022358**

Junior-Assistant** 2.03e-09** .0002572** 2.31e-06** .0388305**
PhD Postdoctor-Assistant** 5.60e-08** 4.07e-12** 98e-14** .0002847**
Model 2: Couple Prob.HO Prob.HO | Prob.HO Prob.HO
Aggregation Senior-Junior** 8.75e-09** .0000562** 1.27e-06** 008458**
over the 2 Senior-PhD Postdoctor* | 6.27e-07* 0002957 2.90e-09%* 0106984+
fouo)\',ving the Senior-Assistant** 1.89e-10* 7.50e-12* 9.63e-13* .0000837**
surveys Junior-PhD Postdoctor** .000042** 4.80e-09** 3.32e-12** .0127635**
Junior-Assistant** 2.76e-06** 2.38e-08** 3.20e-09** .00624**
PhD Postdoctor-Assistant** | .0000828** 7.60e-11** 5.73e-13** .0049295**
Model 3: Couple Prob.HO Prob.HO Prob.HO Prob.HO
Aggregation Senior-Junior** 4.09e-08** .0000425** .0010374** .0149012**
";’er?ofe%‘f)a;s Senior-PhD Postdoctor* 2.37e-11% 5.97e-07* 003+ .0116709**
years after Senior-Assistant** 2.20e-06** 2.48e-07* .0001897** .0059488**
survey Junior-PhD Postdoctor** 2.85e-12** 1.56e-06** 1.2@@* .018431**
Junior-Assistant** 2.83e-06** .0001677** .000034** 0.0543545
PhD Postdoctor-Assistant** 1.22e-09** 2.83e-11** 4fe-13** .0035609**

When looking for complementarities of the scientijuality of research laboratories in
couples of researcher categories whose resultepogted on Set ofables 21, I find
that increasing differences exist only in a fewges such aginior-PhD post doctofor

all three models of output aggregation relatecheogurvey of 2000, then in the couples
junior-assistantandassistant-PhD post doctofer models 2 and 3 related to the same

survey.

It is important to notice that these complementaigtionships only hold one period,
which implies the existence of rather weak or uslstaomplementary links between the
younger researchers and the technical staff, whaste an effect on the scientific quality

of research laboratories.

This supermodular non-parametric analysis of complgarities between different
researcher categories tells us that both, outpditjaality of research laboratories have
complementary relationships between almost evenglesi couple of researcher
categories, suggesting that there is a cascadengblementarities along the hierarchic

structure of researcher ranks.

Finally, since the data reflects the existence ainglementarities between highly
experienced researchers and less experienced sirgg the non-parametric method
method, | am able to conclude there is a certaséarch delegation effect” towards and

assistants or support staff, which is also suppgddesome extent by the results from the
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parametric approach. Research delegation in teesioaplies the existence of strong links
between different sections of the scientific prdcurc distribution curve, which would

partially explain its positive skewedness (Lotkd2@).

Set of Tables 21 Increasing differences intypes o  fresearchers (estimated
laboratory quality)

Model Pair of researchers 2000 | 2004 2008
Model 1: Couple Prob.HO Prob.HO Prob.HO
Aggregation over Senior-Junior 0.300622 0.6790571 0.9999998
the 2 years Senior-PhD Postdoctor 0.3279824 0.463814 1
preceding the . .
surveys Senior-Assistant 0.0980511 0.8273572 1
Junior-PhD Postdoctor** .0387401** 0.9808275 1
Junior-Assistant 0.1130782 0.9990954 0.9999997
PhD Postdoctor-Assistant** .0238697** 0.9488193 1
Model 2: Couple Prob.HO Prob.HO Prob.HO
Aggregation over Senior-Junior 0.2120664 0.3977979 1
f;ngvﬁg’ge?gz Senior-PhD Postdoctor 0.1708586 0.7433521 1
surveys Senior-Assistant 0.0742965 0.8274387 1
Junior-PhD Postdoctor** .0051626** 0.888234 1
Junior-Assistant** .0354639** 0.8746132 1
PhD Postdoctor-Assistant** .0111147** 0.992299 1
Model 3: Couple Prob.HO Prob.HO Prob.HO
Aggregation from 2 Senior-Junior 0.3698976 0.655158 1
yEaLE s i 2 Senior-PhD Postdoctor 0.3511089 0.7448702 1
years after survey . .
Senior-Assistant** .0253335** 0.9230397 1
Junior-PhD Postdoctor** .0200323** 0.9000999 1
Junior-Assistant** .0265669** 0.9745845 1
PhD Postdoctor-Assistant** .0027016** 0.8555346 1
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Model Pair of researchers 2000 2004 | 2008
Model 1: Couple Prob.HO Prob.HO Prob.HO
Ag%rzg;tizgrzver Senior-Junior 0.200277 0.3772919 0.9999945
oreceding the Senior-PhD Postdoctor 0.4703613 0.3488405 1
surveys Senior-Assistant 0.7728555 0.3100204 1
Junior-PhD Postdoctor** .0318646** 0.2536734 1
Junior-Assistant 0.5029187 0.6413443 0.9999877
PhD Postdoctor-Assistant 0.1045952 0.8407483 1
Model 2: Couple Prob.HO |  ProbHO |  Prob.HO
Aggt;rrlzg;ticégrgver Senior-Junior 0.1524911 0.2085558 0.8272485
fouowig/g the Senior-PhD Postdoctor 0.1024997 0.8304955 1
surveys Senior-Assistant 0.2081617 0.8233722 0.999881
Junior-PhD Postdoctor** .0055936** 0.1466051 1
Junior-Assistant 0.1901129 0.3995839 0.999915
PhD Postdoctor-Assistant 0.0828264 0.9144211 1
Model 3: Couple ProbHO [ ProbHO |  ProbHO
Aggregation from 2 Senior-Junior 0.3279318 0.1948134 0.9999887
Soar :ff;ffutr‘\’,fy Senior-PhD Postdoctor 0.0654881 0.596324 1
Senior-Assistant 0.4114061 0.5837656 0.9999621
Junior-PhD Postdoctor** .0149409** 0.2701349 1
Junior-Assistant 0.1319939 0.2742544 0.9999835
PhD Postdoctor-Assistant 0.2264678 0.8886082 1

3.2.2 Research funds complementarities

production and quality.

in the collective scientific

Moving on to the next analysis, | deal with the gbementary relationships between
different types of funding sources available unither non-parametric approach. | used
the non-parametric procedure described at the bemjrof the section to generate an
indicator that would capture the increasing diffexes of the real valued function under
study (scientific output and quality) on the dif#at types of funding sources. As
described earlier in this section, the first stegswo generate an estimation of the output
(total contributions and total fractional publicats) and its quality (average and median
impact factor of laboratory publications) using@tstrapped regression of the models

described in chapter 3.

After obtaining the unbiased coefficients, | getedaan estimated output for each
observation and then extracted several randonosésir observations from the dataset
with the objective of building a new dataset ofreesing differences, with each element
of an observation fulfilling a certain position thadicates either a complementary or an
intermediate state given a pair of arguments ame tms dataset of elements within the
increasing differences condition was obtained windd the distance indicator to be

tested.
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In this case, my interest was to test whether #peddent variables (output and quality)
display increasing differences in the couples refgrto the different types of funding
source$* available at the laboratory during the survey@®4 and 2008. The results
reported on Set dfables 22 show the existence of only a few complementargtiehs

between some of the funding source couples.

Set of Tables 22 Increasing differences intypes o f research funds.

Estimated laboratory production

Model Pair of funding 2004 2008
Model 1: Couple Prob.HO Prob.HO
o]l ROYEI]  Total Private-Total Public 0.2695217
the 2 years Private-Public 0.9759133
preceding the Regional-European 0.9682976
L) Recurrent_Public-Private** .0376619*
European-Private 0.2534162 0.9994082
Regional-Private 0.1549786 0.6320802
Model 2: Couple Prob.HO Prob.HO
el ROYEIN  Total Private-Total_Public 0.2674462
the 2 years Private-Public 0.9358592
following the Regional-European 0.9605178
L) Recurrent_Public-Private** .0384975**
European-Private 0.2544527 0.9996243
Regional-Private 0.1749068 0.6170775
Model 3: Couple Prob.HO Prob.HO
e[l gRifelyll  Total Private-Total_Public 0.2589121
2 years before to Private-Public 0.9673207
years after survey Regional-European 0.9716551
Recurrent_Public-Private** .0434063**
European-Private 0.2410059 0.999585
Regional-Private 0.1618521 0.6816107

24 Let us recall that the couples of funding sourcesur analysis arefregional funding ; European
funding}, {private funding ; European funding},r{gate funding ; regional funding}, {private fundin
recurrent public fundinghnd finally{private funding ; other public funding}
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Model Pair of funding 2004 2008
Model 1: Couple Prob.HO Prob.HO
Ag%:gggtigggﬂ Total_Private-Total_Public 0.8300417
preceding the Private-Public 0.8718342
surveys Regional-European 0.9998452
Recurrent_Public-Private 0.0914455
European-Private 0.9722062 0.9991688
Regional-Private 0.3130662 0.9956647
Model 2: Couple | Prob.HO Prob.HO
th'ggg;i%"’r‘g?gng‘ﬁ]g Total_Private-Total_Public 0.7959827
the surveys Prlvate-Publlc 0.8639067
Regional-European 0.9974005
Recurrent_Public-Private** .0222785**
European-Private 0.9823137 0.9999369
Regional-Private 0.5482571 0.9971278
Model 3: Couple | Prob.HO Prob.HO
Agg;fgzt?grgft’gn; Total_Private-Total_Public 0.8142179
years after survey Prlvate-Publlc 0.8812107
Regional-European 0.9995877
Recurrent_Public-Private 0.1074772
European-Private 0.9731717 0.9997818
Regional-Private 0.258199 0.9977587

In fact, the contribution to publications displagieasing differences only in the couple
of recurrent public funding and private fundingatths between the regular allowance
research laboratories obtain from public organisoh as the CNRS, INSERM or the
ministry of higher education and research on appéribasis and private funding obtained
from competitive allowances and research commeéseatadn under all three models of
output aggregation and for the information reldtethe survey of 2004. In addition, the
total fractional publications also display increwsidifference in the same couple,
recurrent public-private fundingunder the assumption of publication aggregatest ov

two years following the survey.

Finally, when studying complementarities betwedferknt types of funding sources on
the scientific quality of research laboratories tasults reported on Set dables 23
show that neither the average nor the median infpattr of publications performed by
our set of laboratories present any increasingewdifices in any couple of research

funding sources.

These analyses destined to assess the existecoenpfementarities between different
sources of research funds show that the collecoientific production in research
laboratories may be more important in the case @Hevels of recurrent public
allocations are complementary with the levels ofgie research funds obtained; that is,

the laboratory’s best option is to concentrate propnal efforts into defending the
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evolution of their public allowances and at the satime look for competitive and
commercial private funds; however, even if thisatggy can improve the amount of
science produced, it cannot ensure an improvemeriheo research quality of the
laboratory since there is no evidence that a comgieary relation between these two

variables has any effect on the output quality.

Set of Tables 23 Increasing differences intypes o fresearch funds
(estimated laboratory quality)

Model Pair of funding 2004 2008
Model 1: Couple Prob.HO Prob.HO
Cle[ChEloiNaYSd  Total Private-Total_Public 0.9797208
the 2 years Private-Public 0.9457175
preceding the Regional-European 0.9991354
surveys Recurrent_Public-Private 0.8390927
European-Private 0.999979 0.8806873
Regional-Private 0.9998866 0.9869396
Model 2: Couple Prob.HO | Prob.HO
LI ROYEI]  Total Private-Total Public 0.9974678
the 2 years Private-Public 0.8386776
following the Regional-European 0.9991339
surveys Recurrent_Public-Private 0.844889
European-Private 0.9999995 0.9556921
Regional-Private 0.9998856 0.8637914
Model Couple Prob.HO | Prob.HO
3:Aggregation Total_Private-Total_Public 0.9935848
from 2 years Private-Public 0.8840326
before to 2 years Regional-European 0.9981198
after survey Recurrent_Public-Private 0.8404682
European-Private 0.9999983 0.8725193
Regional-Private 0.9999518 0.9073203
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Model Pair of funding 2004 2008
Model 1: Couple Prob.HO Prob.HO
Ag%:gﬁl;“gggﬁf Total_Private-Total_Public 0.8920056
preceding the Private-Public 0.9585014
surveys Regional-European 0.9990097
Recurrent_Public-Private 0.8349995
European-Private 0.9991102 0.9603256
Regional-Private 0.999944 0.9731002
Model 2: Couple Prob.HO | Prob.HO
Ag%:?egé"“ggrzve’ Total_Private-Total_Public 0.9763095
following the Private-Public 0.9782993
surveys Regional-European 0.9968733
Recurrent_Public-Private 0.7930451
European-Private 0.9999697 0.9812296
Regional-Private 0.9995354 0.8739995
Model Couple Prob.HO | Prob.HO
?;Agegfrzgse“fg?efftg"; Total_Private-Total_Public 0.6636305
yg’ars Aftor survey Private-Public 0.9658259
Regional-European 0.9927326
Recurrent_Public-Private 0.8149142
European-Private 0.9719517 0.9355955
Regional-Private 0.9999474 0.9529929

3.2.3 Complementarities between coauthors on individual scientific

production and quality

In the present subsection | carry out a third asig)yvhich deals with the actual scientific
output of individual researchers and | look for @dementarities between the different
types of coauthors an individual researcher mayehaising the same procedure
developed in the previous sections, | establistersg\sets of four different individual
researchers for whom the levels of their differmtes of coauthors reflect one of the
four complementary or intermediate states, which tiven allow me to build a set of

increasing differences indicators.

Please note here that | look for complementarttigtsveen senior, junior, and assistant
coauthors given that the information on individoaauthors only provides the levels for

these three categories (see chapter 2 on datasets).

We proceed with a random selection of several thiods of combinations of four
different individuals with the help of a random gdimg without replacement; then for

any given combination | verified that the individsiéulfilled the following conditions:
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* One of the individuals presents the lowest levelco&uthors in both
categories of interest which represents the initial state.

* One of the individuals presents the highest levetaauthors in both
categories, representing the state of joint evatutif coauthors.

» Each of the two other individuals presents an megfiate level in one or
the other category of coauthors. These two indaisluepresent the two
intermediate states.

Once the final sample of combinations of reseastalfilling the conditions was
obtained, | proceeded with the definition and asialyof the distance between the
complementary states, and the sum of distancesebatthe initial state and each one of

the intermediate states captured by our distandidtor® defined in the previous

section.

Set of Tables24 Increasing differencesin types of coauthors (estimated individual

output)
Model Pair of researchers 1996 2000 2004 2008
Model 1: Aggregation Couple Prob.HO Prob.HO Prob.HO Prob.HO
over the 2 years Senior-Junior 0.1543888  0.0789805  0.0560965  0.2436056
preceding the SUrvey< gy SRSy e 0.1589771 0.1269665 0.1710837 49086
Junior-Assistant ~ 0.1719429  0.1004676  0.1854354  0.2174144
Model 2: Aggregation Couple | ProbHO | ProbHO | ProbHO |  Prob.HO
fo”‘(’)‘ﬁ;‘gh;g ijvf:ys Senior-Junior™  0.0879499  0.0239058**  0.1623289 0.103705
Senior- 0.1561231 0.0021593*  .0466709* 0.1995428
Junior-Assistant ~ 0.1513886  0.0914238  0.1609381  0.1457872
Model 3: Aggregation Couple | ProbHO | ProbHO | ProbHO |  ProbHO
WCIPAEEIEEEIEAG Senjor-Junior™  .0297513* 0.1580278 .033246** 0.0837586
A DI Senior- 0.146765 .0070258*  .0277839* 0.1745171
Junior- 0.1575805  .0230891*  0.0812788  0.1013956

25 With the categories of interest being the coupfesoauthors: genior, junior), (senior, assistant), and

(junior, assistant).

26 A = dcomp/ (Clinter category k+ inter category), Where the numerator defines the distance between th

complementary states and the denominator defiredum of distances between the intermediate and the

initial-complementary state.
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Model Pair of researchers 1996 2000 2004 2008

Model 1: Aggregation Couple Prob.HO Prob.HO Prob.HO Prob.HO
OERUCPATCIEAY  Senjor-Junior™  0.0670052 0.69629 0401055  0.9579129
RIECES Ul s”“’eﬁ Senior-Assistant  0.8835221 0.1310252 04027028  899@2
Junior- 0.8882222  0.6363296  0.3413433  .0105353**

Model 2: Aggregation Couple [  ProbHO | ProbHO | ProbHO [  Prob.HO
fo”g‘\';[]tgh; 2 year zys Senior-Junior™  0.3866439 027882 0419013  0.2428835
Senior-Assistant 0.1745176 0.0528788 0.3744994 26335
Junior-Assistant  0.9928056  0.5286864  0.1162486  0.3660666

Model 3: Aggregation Couple | ProbHO | ProbHO | ProbHO |  Prob.HO
from 2 years before (o PN Ty Nl e 0.2430106 02419 .0064984* 0.0892956
2 years after survey Sy pai— 0.1642112 0.0889791 0.1067015 28265
Junior-Assistant ~ 0.9271279  0.9110247  0.8330892  0.1101841

Once | had established the distance indicatorgrfiopmed a one sided test to assess
whether the null hypothesfsis rejected, which in this case will help me cowe that
the distance between the individual scientific otgpesponding to joint variations in the
levels of each category of coauthors is higher titnsum of distances between the
individual outputs related to separate variatiohscauthors in the levels of one or the
other category, hence implying the existence of mlementarities between the two

categories of coauthors.

The results from this analysis of complementarit@s the estimated individual
contributions reported on SetDébles 24 confirm the existence of increasing differences
in the couple oéeniorandjunior coauthors during the period related to the 2004esu
and between the couple séniorandassistantcoauthors during both periods related to
2000 and 2004 under the assumption of publicagmemation over two years following

the survey (model 2).

27 Hol A-1=0
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Set of Tables 25 Increasing differences in types o

individual quality)

f coauthors (estimated

Model Pair of researchers 2000 2004 2008
Model 1: Aggregation Couple Prob.HO Prob.HO Prob.HO
over the 2 years Senior-Junior 0.9353501 0.9959733 0.9418592
preceding the Survey <y SR I NSRRI 05028715  0.9085156
Junior-Assistant 0.9994203 0.8346764
Model 2: Aggregation Couple Prob.HO Prob.HO Prob.HO
fo“g‘ﬁ;]éhtig Zﬁf\:ys Senior-Junior 0.5246545 0.407362 0.9778306
Senior-Assistant 0.9440508 0.9668617 0.8789026
Junior-Assistant 0.3043694 0.9850513 0.8321254
Model 3: Aggregation Couple Prob.HO Prob.HO Prob.HO
from 2 years before t Senior-Junior 0.4484839  0.9929512  0.9985628
SLEEL ] Senior-Assistant 0.5565575 0.9999999 0.7656929
Junior-Assistant 0.8671036 0.9999985 0.7868726
Model Pair of researchers 2000 2004 2008
Model 1: Aggregation Couple Prob.HO Prob.HO Prob.HO
R i 2 R Senior-Junior 0.9997478  0.9931945  0.9723084
SRR, Senior-Assistant 0.9059151 0.9774473
Junior-Assistant 0.9995039 0.7618114
Model 2: Aggregation Couple Prob.HO Prob.HO Prob.HO
follg\ﬁ;];hﬁg Zjﬁlr:ys Se_nior-Junior 0.9909393 0.6738614 0.9975945
Senior-Assistant 0.4503874 0.963338 0.7432896
Junior-Assistant 0.5500327 0.9692501 0.8913579
Model 3: Aggregation Couple ProbHO |  ProbHO |  ProbHO
from 2 years before t Senior-Junior 0.9571921  0.9817952 0.999241
SLEELEE ] Senior-Assistant 0.8952246 0.9999999 0.8160908
Junior-Assistant 0.2401886 0.9999967 0.8373017 (r

In addition, in the case of model 3 (publicatioggr@gated over a 4 years around the
surveys) | find that all three couples of coauthmesent increasing differences at some
period in time; while the case of the fractionabjications shows there are increasing
differences in the couples e€niorand junior coauthors at some periods for all three
models and in the couple piior andassistantoauthors in the case of model 3 for the

survey of 2008.

On the other hand one may notice that the resuwtscarning from analysis of
complementarities among different types of coawloorthe individual scientific quality,
reported on Set of ables 24, do not provide any insights on the existence of a
complementary relationships neither for the averagefor the median impact factor of

individual publications.

A further look into the results obtained from theakysis of complementarities of

coauthor categories on the individual scientifiodqarction and quality allows us to
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conclude that the individual scientific productid@enefits from collaboration with
researchers located at every level of the scienpérsonnel hierarchy. That is, the
individual research output will be more importaritem a researcher decides to increase
his/her collaborations with more experienced redeas and technical researchers at the
same time rather than just increasing the colldlmwr s with only experienced or with
only technical researchers.

These results comfort the main hypothesis of tesearch, which is that scientific
production does not only rely on star scientistisadso on less experienced researchers;
they provide insights on the existence of a casadd®mplementarities from highly
experienced researchers to younger researcheth@technical staff that influences the
individual scientific production measured either bgntributions or by fractional
publications; we may interpret these complemenaréas a form of “research delegation”

within the scientific production.

4 Conclusions

Analyses on the complementary nature of differemii& of researchers issued from the
decomposition of the human researchers and theleameptary nature of different kinds
of project-funding issued from the decompositiorfuosfding were performed using an
original functional study approach based on therthef supermodularity. The novelty
of the present research lays in the use of thisoagp to study pair wise complementary

relationships between couples of determinantsefthentific production process.

The supermodular study used to highlight compleardids between explanatory
variables was undertaken under two different meishas The first is a parametric
approach in which a set of indicators point outdbmplementary and intermediary states
of two determinants are run along a regressionyaisalith the objective of evaluating
whether the effects of the sum of complementargstare higher than the effects of the
intermediary states, thus concluding the existeoic@a complementary relationship

between the two determinants.

The second mechanism is a non-parametric approashich random combinations of
observations are bundled together with each observeepresenting on of the possible

states among the upper and lower complementaryrendpper and lower intermediary
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state of the determinants. These bundles of obisengaare then used to create an index
representing the ratio of the distance betweenctimaplementary states related the
distance of between the initial and the intermgdgates which in the case providing

insights on the whether the complementary relatipssexist between the determinants.

The results from these different analyses provideights on the complementary
relationships between different variables defirtingg decomposition of human resources
and funding structure. There is evidence on theterce of important complementary
link between senior researchers and technical ataffbetween junior researchers and
technical staff enhancing the scientific productadiresearch laboratories. In addition,
there is also evidence on the existence of compitane links between private and
regional funding and between private and publicumemt funding enhancing the
scientific production of research laboratories wthicomplementary relationships
between senior and junior coauthors with influemic¢he individual scientific production

were also found.

In terms of quality of research, influential complentary relationships were found
between senior researchers and technical staff betaeen junior researchers and
technical staff at both the laboratory level ascheaunts and at the individual level as
types of coauthors collaborating, which reveald telegating research tasks among
different categories of researchers does have g@adtmon the scientific output and

quality.
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Throughout the present research work | have saaite a framework to study the output
and quality of scientific laboratories and indivadluesearchers; its first component is the
literature base, which sets the grounds of theiestuoly connecting previous studies on
different issues related to collective researche Titerature reviewed in chapter one
provides notions and findings on seven differenésaxthe collective nature of the

scientific production, the concepts that creata@psrt for such a collective process, the
role that hierarchic structures have on within aesle organizations, notions related to
the importance of reputation within the organizasicthe possible funding structures and
their influence on scientific research, the possihtentive structures linking quality to

performance and finally the trade off between peniag basic or applied science. These
axes represent the support upon which the sciemrbduction process can be studied
stressing its character of collective (laboratQraasd collaborative (individuals) process.

The second component of this framework is the datd to carry out the analysis of
determinant playing a role on scientific producteord quality and their complementary
relationships. These datasets concern the puld&areh laboratories of a well-known
and recognised French university, the UniversityuisoPasteur; they containing
information on the characteristics and composibbthese laboratories, as well as the
characteristics of individual members. In addititve datasets present a high degree of
reliability given that they come from official sam&s with juridical value, that is, the
compulsory four-year ministry surveys that resedabloratories affiliated to a university
are to provide to the ministry of higher educatsnd research. These surveys are then
used by the ministry of higher education and rededor evaluation purposes and

decision-making concerning the operability of thessearch units.

The datasets containing information about the fogdtructure of these laboratories was
gathered on a basis of project-funding amountse®eearch groups, which were matched
to their respective laboratories. Finally, the aitnd quality of the scientific production
of individual researchers was gathered from theni$mn Reuter's Web of Science.

Different matching processes allowed building cstesit datasets providing a big picture
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of the scientific production of public researchdedtories with detailed data on the output
and quality of scientific research for both laboras and individuals.

The third component of the framework are the déifdéranalyses were carried out with
the objective of investigating the role determisaptay on scientific production and
guality, with particular focus on the effects oétbomposition of human resources and
the nature of research project funding. These taids of explanatory factors were
further decomposed into different categories engbéi deeper comprehension of the
effects the structure of human resources and tgbesinding has on the scientific

production.

A set of analyses focused on the research labgrasthe unit of observation and the
aggregated output and research quality indicatérgh@r production process were
defined according to three different assumptiontherscientists’ turnover across tithe
The decomposition of the human resources was mameding to the researcher ranks
within the French academic system, while the deasitipn of the funding structure was
made according to the different types of fundingereed by projects. These analyses
showed that senior researchers and public andterifeending are determinant and
stimulate the scientific performance of researchotatories. They also show that
laboratories with higher counts of research-origntesearchers perform better than
others where researchers with an institutionaliatifon different than the university
stimulate the scientific output of the laboratd®yn the other hand, analyses regarding the
quality of the output showed that institutionaleaschers and past output and quality play
a major role on the current quality of output irsearch laboratories. These results
indicate that not only quality is stimulated by tingional researchers (CNRS or

INSERM) but also and most important, quality ishpaependent, that is, previous

28 1) Researchers affiliated to the laboratory duringghgod 1996 — 2000 may be accountable for the
publications performed during a period of two yganesceding the ministry survey of 2000 and 2.

2) They continued working for the laboratory during theriod 2000 — 2004 and therefore may also be
accountable for the laboratory publications sigdedng a period of two years following the ministry
survey of 2000 (model 2).

3) If the two previous assumptions hold, then we mag assume that researchers declared during this
ministry survey may accountable for the laboratmuilications signed over a period of four yearsiatb

that survey (model 3).
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conditions of in the volume and quality of the stiic output play a major role on the

present quality or scientific output.

Further analyses focused on the individual resear@bithe unit of observation to provide
a wider picture of scientific production. It showtgt certain individual characteristics
such as the seniority of the researcher and cedya@s of collaboration such as the senior
and staff type stimulate individual scientific outpThese results also provided insights
on the fact that as researchers grow older, theguyme more scientific output, though the
role they play on the quality of publications ist @3 determinant as is the role junior
researchers play as evidence shows that evenyifpfogluce less scientific output, they
are determinant to the quality of the overall otitpruaddition, the analyses also provide
insights on the fact that institutional researchmydorm better than others and that past
research quality is also an important factor deit@img future quality of research
implying that trade offs between the time allocate@erform scientific research and the

time allocated to perform teaching activities hasagor impact on scientific production.

The fourth and final component of the frameworkhe study of the complementary
nature of determinants of scientific production aqehlity. How different kinds of
researchers issued from the decomposition of tineahuresearchers and how different
kinds of project funding issued from the decompositof funding may present

complementary relationships playing a role on ddieroutput and quality.

Several analyses were performed using an origumattional approach based on the
theory of supermodularity. The novelty of the preaseesearch lays in the use of this
approach to study pairwise complementary relatigrsdbetween couples of determinants

of the scientific production process.

The supermodular study used to highlight compleardigs between explanatory
variables was undertaken according to two differeathanisms. The first is a parametric
approach in which a set of indicators point outdbmplementary and intermediary states
of two determinants are run along a regressionyaisalith the objective of evaluating
whether the effects of the sum of complementargstare higher than the effects of the
intermediary states, thus concluding the existeoic@a complementary relationship

between the two determinants.

The second mechanism is a non-parametric approashich random combinations of

observations are bundled together with each obBerveepresenting on of the possible
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states among the upper and lower complementaryrendpper and lower intermediary
state of the determinants. These bundles of obisengaare then used to create an index
representing the ratio of the distance betweenctimaplementary states related the
distance of between the initial and the intermgdgates which in the case providing

insights on the whether the complementary relaliggssexist between the determinants.

The two approaches are valid for the applicatiosugfermodularity to study a function,
although in the present case, the second non-patamapproach proved to be more
suitable given the structure of the data. In fgoten that the study of the scientific
production process is carried using a decomposiibthe human resources and the
funding structure that is defined by positive contius and count data, it is necessary to
impose a fixed threshold against which one is &bleompare and tell whether each of
complementary and the intermediary states are wbdefThis is translated into the
creation of a set of dichotomous indicators that@ugged into the regression analysis
to study whether the effects of the complementetes are higher than the effects of the
complementary states; however some may interpeatrémation of these indicators as too
restrictive. The non-parametric approach is prefegiven the fact that it can provide

results straight from the data without the neettarisforming the original variables.

In a general overview, the picture | obtain frone fbresent framework indicates that
senior researchers, post doctors and PhD candidatépublic funding are the main
drivers of the scientific output volume in resealaboratories. In addition, institutional
researchers are also accounted for higher voluiestput. These key findings already
provide an insight of relationship between hightperienced researchers and young post
doctors and PhDs. Interestingly, this wider pictsinews that post doctors and PhDs and
institutional researchers play a major role on guelity of the scientific output of
laboratories as if research oriented young indiaislwere already thinking ahead and
setting the grounds of a reputational dynamic @i tbareer trajectory. In addition, this
wider picture shows the quality of the output ismsilated by private funding, and is path
dependent, that is the volumes and quality of dytpaduced during previous years plays
a major role on current research production. Furthealysis on complementary
relationships between determinants provide thisewipicture with evidence on the
existence of pairwise complementarities betweetyp#s of researchers operating o the
volume of scientific output, wile only pairwise cplamentarities between junior

researchers and post doctors / PhDs and betweistaassesearchers and post doctors /
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PhDs exist and operate on the quality of the outdoteover, according to this evidence,
the quality of the output presents pairwise comgetarities between recurrent public
funding and private funding. In essence, the amalgé the scientific production,

particularly regarding the complementary relatiopshbetween determinants may be
represented by the Set of Figures 17, which plalcesdecomposition of scientific

researchers on a generalised version of the siogmibduction distributions observed by
Lotka (1926) and displays a cascade of pairwiseptementary links between them,

which is the main objective of the present work.

Senior
Researchers

Senior
Researchers

Junior
Researchers

Number of scientific publications

Post doctors,
PhDs

Number of scientific publications

Assistant
Researchers

\
\ \
\ \
\ \
N N
‘\ N \
~ i N =
e o Seao > o | Assistant
ST === e e o T T77] Researchers

Number of scientific researchers

Number of scientific researchers

Set of Figures 17 Decomposition and complementarit  ies of human
resources on the distribution of scientific product ion

Furthermore, in addition to results regarding teeamposition of human resources, their
impact on scientific production and the naturehefrielationship between them, important
insights on about the effects of the decomposiidmuman and funding resources on the
guality of scientific output measured by the mediad average impact factors of journals
in which the output is published were found. SetFajures 18 offers a graphical
interpretation of how quality is influenced by thimtus of scientific researchers; the left
hand figure proposes a widely adopted heuristiei\gecording to which as researchers
obtain experience and grow old they become wisgéhance the quality of their scientific
output must be ever increasing. Opposed to thig Vgresent in the right hand figure an
interpretation of the results obtained throughbig work; it is during the early years of
the scientific career that young researchers mhkehighest effort to publish their
research in high impact factor journals, but aftleeir career and reputation is
consolidated the quality level of their researchyroaly increase at a decreasing rate

eventually stabilizing. What this interpretatiorfes§ graphically is ars-shaped curve
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that describes the evolution of scientific qualdgross different types of scientific

researcher.

Senior
Researchers Senior

Researchers

Junior
Researchers

Junior
Researchers

Quality of journals — Median Impact Factor
Quality of journals — Median Impact Factor

Status of scientific researchers Status of scientific researchers

Set of Figures 18 Influence of researcher status 0  n output quality

Finally, a graphical interpretation of the reswoltsthe decomposition of funding resources
and its influence on the scientific production feeced in Figure 19; this figure displays
in a Cartesian quadrant in | place the stimulusfprivate and public funding. The upper
left hand side of the quadrant indicates that, \ing to results throughout this work,
private funding stimulates quality of the sciemtifiutput, while the lower right hand side
indicates that public funding stimulates the volurhéhe output. This figure also reflects
the absence of insight on the nature of the relahigp between different types of funding;
as the analysis of complementarities between thdmat provide any conclusive results
regarding the existence of complementary links betwtypes of funding on scientific
quality, it is impossible to fill either the lowkft hand or the upper right hand quadrants

of the figure with any information.
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Increasing
scientific quality
stimulated by
private funding

Intensive
scientific output
stimulated by
public funding

Quality of journals — Median Impact Factor

- - ] - -

v

Number of scientific publications

Figure 19 Stimulus of scientific research funding

| finalise the present work by recalling the cutr@osition of the European Union
regarding scientific research. The European Comani§scurrently states its will for

results maximisation by inviting Member States to:

* “Introduce or enhance competitive funding throughscfor proposals and
institutional assessments as the main modes afatiia public funds to
research and innovation, introducing legislatiemas if necessary”.

« “Ensure that all public bodies responsible for edlitng research funds
apply the core principles of international peerieex.

In fact, the Commission believes that best praghedormance of Member States in

terms of scientific research solely relies on:

* Inciting researchers to reach international contipehess by “allocating
public funds though open calls for proposals evellidy non-domestic
experts”.

« Conditioning institutional funding decision to taesessment of quality of

research organisations.

The contribution of the present studies allows fog out, in contrast to the

Commission’s position, that best practice perforoeain scientific research may instead

2 See the European Research Area website: htteut@pa.eu/research/era/more-effective-national-
research-systems_en.htm
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be increased by adopting a wider view on scienpifaduction where a decomposition of

human and funding resources are at the core ofective process. Such a new point of

view would imply:

Utilising different types of funding, especially iyate funding in the

collective scientific production process; this abube achieved by

stimulating links and favoring joint programs beemeresearch teams and
non-public stakeholders.

Assessing the composition of research teams touktte the interaction

between different types of researchers and takearddge of the

complementary relationships between them.
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Annex 1 Descriptive statistics

Table 26 Laboratory statistics, main variables

Variable Year Average Standard Variance Minimum Maximum
Deviation
Total Researchers 1996 17.40964 17.55829 308.2936 2 79
Total Researchers 2000 17.79878 17.98248 323.3695 0 81
Total Researchers 2004 19.25 18.52012 342.9949 0 93
Total Researchers 2008 37.69111 33.38342 1114.453 0 146
CNRS Researchers 1996 20.21475 37.44766 1402.327 1 259.7
CNRS Researchers 2000 19.36403 32.37554 1048.175 1 205.8
CNRS Researchers 2004 19.537 32.35343 1046.744 1 202
CNRS Researchers 2008 46.41212 52.67352 2774.5 1 257
INSERM Researchers 1996 6.088889 9.286977 86.24794 1 46.1
INSERM Researchers 2000 6.968182 9.971552 99.43185 1 56
INSERM Researchers 2004 6.916667 11.05083 122.1208 1 54
INSERM Researchers 2008 17.33462 31.30517 980.0139 1 106
Academic Researchers 1996 11.87222 11.38588 129.6382 1 76
Academic Researchers 2000 12.00779 12.67901 160.7574 1 62
Academic Researchers 2004 15.60282 16.30194 265.7532 1 85
Academic Researchers 2008 31.05 25.1705 633.5543 1 98
Total PhD Students 1996 14.55422 15.9054 252.9818 2 82
Total PhD Students 2000 13.03846 13.8127 190.7907 1 89
Total PhD Students 2004 15.9589 17.91371 320.9011 0 120
Total PhD Students 2008 32.16667 32.86774 1080.289 0 164
Total Personnel 1996 13.37349 31.84602 1014.169 0 209.4
Total Personnel 2000 13.44207 31.51415 993.1415 0 233
Total Personnel 2004 15.45878 33.41349 1116.461 0 237
Total Personnel 2008 37.85667 55.87266 3121.754 0 305
Theses per PhD student 1996 9327198 .54457 .2965565 125 2.777778
Theses per PhD student 2000 1.183711 7488755 .5608145 1538462 5.5
Theses per PhD student 2004 1.010575 .8038317 6461454 0 5
Theses per PhD student 2008 .8998018 476742 2272829 .25 2.666667
Total Theses 1996 12.85 14.7529 217.6481 1 60
Total Theses 2000 13.64935 13.88654 192.836 1 68
Total Theses 2004 13.13699 15.7174 247.0365 0 105
Total Theses 2008 26.09524 26.59251 707.1614 1 117




Table 27 Laboratory statistics, output, quality, composition and funding

Variable
Total Publications
Total Publications
Total Publications
Total Publications
Average Impact Factor
Average Impact Factor
Average Impact Factor
Average Impact Factor
Junior Researchers
Junior Researchers
Junior Researchers
Junior Researchers
PhD and Postdoctors
PhD and Postdoctors
PhD and Postdoctors
PhD and Postdoctors
Senior Researchers
Senior Researchers
Senior Researchers
Senior Researchers
Assistant Researchers
Assistant Researchers
Assistant Researchers
Assistant Researchers
Total Private Funding
Total Private Funding
Total Private Funding

Total Private Funding

Total Public Funding
Total Public Funding
Total Public Funding

Total Public Funding

Year Average Standard Variance Minimum Maximum
1996 83.54762 121.8191 14839.89 0 743
2000 81.05952 110.1541 12133.94 0 662
2004 85.5 99.55691 9911.578 0 513
2008 118.44 163.1443 26616.05 0 843
1996 2.921831 2.044256 4.178985 21 13.66427
2000 3.059156 1.743519 3.039857 .286 8.735464
2004 3.571163 1.813172 3.287594 7269262 12.01332
2008 4.103522 2.07268 4.296001 .8844873 13.08545
1996 9.5 10.18208 103.6747 0 48
2000 9.630953 10.09089 101.826 0 52
2004 10.64103 10.61728 112.7266 0 48
2008 15.48 17.48613 305.7649 0 65
1996 22.75 33.95811 1153.154 0 270
2000 17.78572 24.61221 605.7607 0 196
2004 20.33974 26.0943 680.9122 0 192
2008 38.82 45.38214 2059.538 0 224
1996 7.285714 8.631089 74.4957 0 41
2000 6.976191 7.34679 53.97533 0 35
2004 7.25641 8.392074 70.4269 0 44
2008 10.52 13.00273 169.071 0 57
1996 13.22619 31.68747 1004.096 0 209.4
2000 13.19345 31.18977 972.8018 0 233
2004 15.1532 32.57909 1061.397 0 237
2008 34.151 54.14628 2931.82 0 305
1996

2000

2004 337.518 463.9558 215255 0 2085.157
2008 383.7383 501.1622 251163.6 0 1863.112
1996

2000

2004 1399.626 1802.671 3249622 7.829 10088.57
2008 2528.842 2577.941 6645778 22 9145.376
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AN ANALYSIS OF SCIENTIFIC PRODUCTION:
The complementary role of factors

La compréhension par les économistes des motegathisation et de production des connaissances
scientifiques reste limitée malgré les développesgrtents deéconomie de la science. Or la recherche
et Pinnovation sont devenues des enjeux majeurs paorigétitivité des économies européennes et leur
croissance. Ces travaux de thése portent une iafieparticuliere non seulement au rdle de
I’individu/chercheur au sein du processus de proglusitientifique mais aussi a celui des laborataiees
recherche en tant que organisations composés dageag de chercheurs. Le cas du systéeme de recherche
académique Francais, dans lequel nous trouvonstumure mixte au sein des laboratoires de reblerc
académique, nous permet également de distinguéleleles organismes de recherche publique comme le
CNRS ou 1INSERM dans cette organisation et production ctilecde connaissances. Ces organismes
étant consacrés a la recherche de base ou fondaeeletur apport a la croissance économique est
indiscutable. Plus particulierement, l'objectif desvaux est de mettre en lumiére les caractéuissiq
propres aux phénoménes de production et de qualightifique. Cette theseirgéresse aux questions
relatives aux caractéristiques de la productioa ket qualité de la recherche scientifiqueing part aux
déterminants en matiere des ressources humairfemetieéres de ces phénomenes, et d'autre part aux
relations existantes entre différents élémentssistaula décomposition de ces deux types de regsourc
Ainsi, ces travaux sont centrés sur des questielatives a la composition des équipes et aux mddes
financement des laboratoires de recherche en tantdgterminants de la production et de la qualité
scientifique, a la collaboration entre différentpety de chercheurs et aux relations de complémgntari
entre différents types de financement de la reckguablique.

The understanding of organization and productionl@soof scientific knowledge by economists remains
limited despite recent developments in the econswiiccience (Dasgupta and David, 1994, Nelsor4 200
Stephan, 2008). However, research and innovatioe hacome major issues for the competitiveness of
European economies and their growth (Meyer-Krahd@89). This thesis draws the pubdiattention not
only towards the role of the individual researcinethe scientific production process but also towahd

role of research laboratories and their compositicierms of human resources and types of fundihg.
case of the French academic research system, chwye find a mixed structure between the academic
and institutional laboratories, also allows usisgidguish the role of public research organizatisnch as
CNRS or INSERM in the organization and productafrcollective knowledge. These organizations,
which are devoted to basic or fundamental researolrjde an undeniable contribution to economiagio
(Stephan, 1996). More specifically, the objectivetto$ work is to highlight the characteristics bet
scientific production and quality processes. It f@=ion issues related to the characteristics ehisiic
production and quality namely the determinantswhan and financial resources of these phenomena on
the one hand and the existing relationships betwédéarent elements resulting from the decompositid
these two types of resources on the other harglirnmary, this work focuses on issues related to ta&d
fund composition within research laboratories aeminants of scientific production and quality,tbe
collaboration between different types of researstaard complementary relationships between different
types of funding for public research.



