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Abstract

The aim of this paper is to investigate the impact of external research collaborations on the scientific
performance of academic institutions. Data are derived from the international SCOPUS database. We
consider the number of citations of publications to evaluate university performance in Russia. To this
end, we develop a non-overlapping generations model to evidence the theoretical idea of research
externalities between academic institutions. Moreover, we implement different empirical models to test
for the effect of external scientific collaborations on the institutional research quality. The results

confirm an important positive impact of co-authoring process.
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1. Introduction

As observed in most countries, scientific performance has become the most important topic for
science policy. There is an increasing trend in collaborations between individuals and organizations
(Beaver, 2001; Rosenblat and Mobius, 2004; Grayal et al., 2000; Carillo, Papagni and Sapio, 2013). This
collaboration considers researchers belonging to the same department and between institutions
(Katzand Martin, 1997; Adams et al., 2005).

As recalled in Katz and Martin (1997) and Bonaccorsi and Daraio (2005), policy makers have
supported initiatives to favors collaborations among researchers and academic institutions.

In this paper, our research question is what forms of collaboration are more effective at raising
scientific Universities in Russia. In particular, we select top 50 Russian Universities according to
National Ranking of Universities 2016 prepared by Interfax for two years 2015 and 2016 to identify
formal collaborations instead of informal ones. In this way, we try to learn whether the investigation of
a single researcher is better than the University, as the unity of analysis.

In order to satisfy our goal, we implement both econometric models for count data, and panel
data model with clustered errors. Finally, we run also an instrumental variable model, where the
number of students in mobility is used as an instrument for collaborations variable. The findings are
particularly interesting: more external collaborations positively affect the Universities performance,
measured by the number of citations.

The paper is structured as follows. Section 2 reviews the main findings on influence of
scientific collaboration onto research performance, research productivity and citations of publications.
Section 3 describes the data. Section 4 presents the theoretical framework and Section 5 deals with the
empirical strategy. The results of empirical investigation are showed in Section 6, while Section 7

discusses the policy implication of analysis and deserves some remarks for further research.
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2. Literature review on influence of collaboration on research performance

Collaboration in different forms supports the development of research quality and quantity of
organisation or a specific research topic. There are many evidences for support this statement. Riahi et
al. (2014) in their bibliometric study on the research performance of Iran in Immunology and
Microbiology for 2000 — 2012 state that: “... scientific collaborations with researchers in other
countries could play a major role in enhancing the level of knowledge of our researchers.” . Sweile et al.

13

(2016) doing the worldwide overview of tramadol studies says that Collaboration among
pharmaceutical industry, clinical researchers and academic institutions can improve research quantity
and quality on tramadol.” . One of the findings in Kodama, Watatani, and Sengoku (2013) in their
analysis of stem cell-related research is: “ ... we demonstrated a research assessment by proposing and
introducing key performance indicators and found that a certain degree of interdisciplinarity and
internal collaboration may bring about high research productivity.” . Graue et al. (2013) in their
analysis of Diabetes research in four Nordic countries (Denmark, Iceland, Norway and Sweden) from

13

1979 — 2009 show that International collaborative research networks facilitate funding

opportunities and contribute to further development of professional research competence.” . Stein et

13

al. (20006) analyzing the brain-behaviour research in South Africa state that : Local and
international collaboration may be useful in increasing research capacity in South Africa, and ultimately
in improving mental health services”.

Research Collaboration in different ways: international as well as national and
intraorganisational is necessary for the increase the general research productivity of organizations. The
examples of positive influence of research collaboration on research productivity and capacity can de
found in many bibliometric studies that cover publications of different countries and research
organisation in different fields of science and topics. Elhorst and Zigova (2014) measuring the research
productivity of academic economists employed at 81 universities and 17 economic research in Austria,

Germany and Switzerland state that “...empirical results support the hypotheses that collaboration and

that the existence of economies of scale increase research productivity”. Chakravarty and Madaan
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(2010) in their analysis of research performance of Chandigarh city affiliations in 1964 — 2014 state: “
... An important finding of the paper undertaken is that foreign collaborations and foreign journals
have remained the epicenter of the research activity. ... . National and international collaborations also
form the basis of growth of research productivity.” . Zucker and Darby (2011) in their study on

(13

research activity or ML.R. Japanese biotechnology firms show: . we find that identifiable
collaborations between particular university star scientists and firms have a large positive impact on
firms' research productivity, increasing the average firm's biotech patents by 34 percent, products in
development by 27 percent, and products on the market by 8 percent as of 1989-1990”.

Collaboration (primarily collaboration with developed countries) can also help less developed
countries to build their research capacity and increase research performance. , Zdravkovic, Chiwona-
Karltun and Zink (2016) measuring the research performance of five southern African Universities in

(13

fields of mathematics, physics, chemistry in 1995 — 2014state: “ ... We conclude that supporting
international and national collaboration which includes increased scientific mobility, strong scientific
groups and networks, are key factors for capacity building of research in southern African
Universities.” .

Collaboration also in general leads to the increase of levels of citations. Collaborated (especially
internationally collaborated) publications receive higher number of citations the single-authorship
papers. Evidence of positive influence of collaboration on the level of citation can be found in different
studies. O’Leary et al. (2015) in their analysis of University of Toronto’s Faculty of Medicine research
performance for 2008-2012 show that “ ... The academic departments with the highest levels of
collaboration and interdisciplinary research activity also had the highest research impact.” . Fu et al.
(2012) analyzing the Acupuncture research for 1980-2009 state that “... International collaborative
papers are the most frequently cited.” . Isiordia-Lachica et al. (2015) in the analysis of research
performance of Universidad de Sonora (Mexico) for 2000 — 2009 state that “... International co-

authorship produced higher citation rates.”. Chuang, and Ho (2015) analyzing highly cited publications

in Taiwan state that “... International collaboration was responsible for the increasing number of



highly cited papers over the years.” . Obamba and Mwema (2009) in their analysis of poli |[] of African
academic partnerships state the following: ““ ... This paper suggests that strategic international research
collaboration between research communities located within Africa and those in developed countries, as
well as regional partnerships among African universities themselves, represent the most productive
framework for reinvigorating and strengthening research capacity within sub-Saharan universities.” .
Collaboration also increases the visibility of research. Collaborative publications are in general
more visible than purely national or one-author papers. Geracitano, Chaves, and Monserrat (2009)
studying the success of Latin America in environmental studies for 1999 — 2008 show that: ““ ... the
establishment of collaborative studies could be one of the strategies to improve Latin American
visibility in environmental studies.” . Olmeda-Goémez et al. (2008) measure the research performance of
Catalonian universities, for 2000 — 2004 and show that ““... As a whole, they prefer to collaborate with
institutions in the United States, the United Kingdom, France, Germany and Italy, and obtain better

visibility when publishing with English-speaking authors.” .

3. Methodology

To set the best Russian universities in our model we take them from National Ranking of
Universities. This Ranking is formed every year since 2009/2010 by Interfax (privately-held
independent major news agency in Russia). National Ranking of Universities is a Special project of
Interfax Group launched in 2009 to develop and test new mechanisms for independent Russian
universities rating system. This project was initially supported by Federal Education and Science
Supervision Agency (Rosobrnadzor). Since 2010 the Ranking is implemented as the own project of
Interfax with the participation of radio station 'Ekho Moskvy'. National Ranking of Universities
combine six sub-indices (Educational activity rank; Research Activity rank; Research
commercialization; and Innovation activity rank; Internationalisation and communications rank; Social

Activity rank; Branding Rank). In 2010 National Ranking of Universities rates 51 Russian universities.



In 2016 database was expanded to 2014 universities. In our analysis we take top 50 Universities from
the Ranking of 2016'. The total Rank score of these universities varies from 501 to 1000 points.

Than main problem was the availability of comparable and reliable data on Russian universities.
To ensure the comparability and reliability of data we take the data from Monitoring of efficiency of
activity of educational organizations of higher education that was launched in 2013 by Information-
computing Centre of Ministry of Education and Science of the Russian Federation’. The purpose of
Monitoring is the formation of information and analytical materials on the basis of information about
the educational organizations of higher education and their branches on the basis of their performance
indicators. The objects of Monitoring are educational organizations of higher education of the Russian
Federation. The principles of monitoring:

- openness and publicity of events and data in Monitoring$

- continuity and comparability of indicators;

- accounting of the specificities of activity of educational organizations;

- the possibility of documentary evidence of the quality of data provided by educational
organizations;

- the availability of data about educational organizations from external sources.

Data in Monitoring are collected and provided on yearly basis since 2013. IN 2015 the set of
data was seriously expanded. In our model we take (for top-50 universities from Interfax National
Ranking of Universities) indicators for 2015 and 2016. In 2016 Monitoring encompasses 830
educational organizations of higher education and 932 their campuses in Russia and 35 organisation
abroad. In 2015 and 2016 data on 121 indicators of educational organizations of higher education of
the Russian Federation are available in Monitoring.

WE take bibliometric activity indicator from Russian Science Citation Index (RSCI). RSCI is

the largest Russian information and analytical portal in science, technology, medicine and education/ It

! National Ranking of Universities for 2016 is available on http://univer-
rating.ru/rating_common.asprper=9&p=1 Website is in Russian language.

2 The official web portal of Monitoring of efficiency of activity of educational organizations of higher education is
available here http://indicators.miccedu.ru/monitoring/?m=vpo Website is in Russian language.




is electronic library of scientific publications, with rich capabilities of search and information gathering.
RSCI is created by order of the Ministry of Education and Science of the Russian Federation. RSCI is a
free public tool to measure and analyze the publication activity of scientists and organizations. RISC
developed and supported by the company "Scientific electronic library". RSCI contains abstracts and
full texts of more than 24 million scientific and technical publications (journal articles, conference
proceedings, books, book series, monographs, analytical reports, scientific reports, dissertations etc.)
including electronic versions of more than 5,200 Russian scientific and technical journals, including
more than 3800 journals in open access’.

In our model we take the 31 indicators (from the whole sample of 121 indicators available in
Monitoring) that fit our theoretical framework (list of indicator used in our model is presented in Table
A.1 in Appendix. Basic indicators of Russian Universities in our model are presented in Table A.2 in
Appendix). Our indicators can be spitted onto several clusters: Research activity; Internationalisation:

Collaboration; Students; Personnel and Infrastructure.

4. Theoretical framework

This section, according to a significant strand of literature (Acemoglu 1996, Aldieri and Vinci
2016), we present a basic Non-Overlapping Generation Model where Institutions of higher education
consist of two different types of academic units both of them normalized to unity. In each university,
all of academic researchers, assumed to be risk-neutral and with an inter-temporal preference rate equal
to zero, live for two periods. In the first period, in order to improve their research expertise, they will
choose their talents; in the second period scientific papers occur in a form of a partnership of two
researchers belonging to the two different types of Schools. Benefits from the scientific partnership will
be availed at the end of this second period.

A scientific research takes place according to the following functional forms:

1_
Pije = Aefiely ™™ (1)

3 Russian Science Citation Index portal is available on http://elibrary.ru/defaultx.asp Website is in Russian
language.
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with: 0 < @ <1, and where P; j stands for scientific research output, e;; and e;; measure
respectively the talent of the /-#h and j-#h researchers. .4 may captures effects due to technological and
geographical proximities, public supply of Research Funds.

Moreover the statement of randomness of the researchers’ matching function, will involve for
all the z#pe researchers the same probability of meeting j-#fpe researchers, and then is too costly to
break it up the above co-operation in order to find a new co-author for each researcher. The
consequential anonymity of contracts, will imply that j(z)-#ype researchers’ decisions, concerning talent
skills, depend on the whole distribution of talent across all the 7(j)-#pe ones.

The utility functions will be the following:

Gie-(;-H,)
— pe _ L
Uye = Pje =~ @
1+y)
Aje;
. —_— ,e, — JL
U]:t Pl,].t (1+y) (3)

where 6; and 4; are a positive taste parameter capturing disutility of accumulating research

competences. The above may be rewritten as:

9,1ty

_ (1-a) 4. it
Uy = Aefy [ e, dj — oy @
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_ 4 (1) o Ajej
Uj,t = Aej’t f e{f‘tdl - (1_’_—]/) (5)

from which we may derive:
1-o T
et = {W}ﬁl ' ©)
i
1

A(1-a) [ efidi)y+a
g = (LA )

j
From inspection of eqs. (6) and (7) we can state:
.. 4 . _ .
Proposition 1°: Assuming 0; = 6,; = A.
1. There exists a unigue equilibrinm, Pareto inefficient, given by: (e;”, ;™).
2. Social increasing returns, in the sense that small variations in talent’s investments of all agents will marke every

one better off. Moreover when a small group of j-type (i-type) researchers invest more in research skills, other

researchers  will — answer  back, —and the equilibrinm  rate of return of all will  improve.

4 See Acemoglu (1996) for a formal proof of Prop. 1.



5. Empirical results

The model that is estimated is the following:

Ciw = C(Colly x5 325w ) (8)

Our empirical analysis aims to estimate the marginal effect of external collaborations (Coll) on
quality indicator of Russian universities, measured by number of citations (C) of own papers,
controlling for sources of heterogeneity across research units, research institutions and academic fields.

University-specific characteristics (vector x;,) include the number of PhD students (Phd) and
post-doctoral fellows (Post), the amount of funds received for scientific activity (Funds) and the
average age of member staff (Age_staff).

The institution-specific characteristics that affect the quality of a unit’s publications (z;) consider
the “age” of an academic institution (Age), L.e. the years elapsed from its establishment up to 2010, and
the number of faculty staff (staff).

Moreover, we take into account also universities potential by adding size (number of students)
and the number of publications (Pub).

The input and output variables above are organized in a panel of Russian universities (years
2015 and 2016). Summary statistics for the selected variables are reported in Table 1.

Scientific fields (w,) are grouped into 10 sectors: Chemical sciences, Engineering, Geological
and chemical sciences, Medical sciences, Medical-Social-Economic sciences, Multidisciplinary, Natural
sciences, Physics, Social and economic sciences and Mathematics.

Table 1. Description statistics

Variable Mean Std. Dev.
logC, 5.93 0.921
logColl 3.15 0.436
logPub 5.03 0.663
logSize 9.58 0.483
logPhd 5.90 3.490
logPost 6.39 0.595
logFunds 13.52 0.914
Log Age_staff 32.00 7.005
Log Age 4.56 0.498
Log_staff 8.12 0.592

Note: 100 observations; variables in log terms.



As the dependent variable, the number of citations to own papers, is a count variable and not is
normally distributed, OLS is not opportune (Greene, 1994; Winkelmann and Zimmermann, 1995). For
this reason, we should implement the Poisson model corrected for heteroskedasticity. However, there
are usually some very large values that contribute substantially to overdispersion. In this case, it is
difficult to specify a model with a conditional mean and variance that captures the main features of the
data. For this reason, we also estimate a negative binomial (NB)’. Finally, we compare Poisson and NB
estimates using AIC (Akazke’s information criterion) and BIC (Bayesian information criterion).

6. Empirical results

In Table 2, we report the results of the analysis based on Russian Universities data. As
explained in the previous section, we compute Poisson and NB estimates. In order to identify the best
model, we take into account the AIC and BIC information criteria in Table 3. On the basis of this

procedure, the NB model is preferred, because of lower AIC and BIC.

Table 2. Count Model results

Poisson NB

Variable Coeff. s.e.” Coeff. s.e.”
logColl 0.89xx (0.339) 0.83*+* (0.258)
logPub 0.30%* (0.158) 0.41%+% (0.143)
logSize -0.13 (0.261) -0.09 (0.319)
logPhd -0.01 (0.038) 0.01 (0.077)
logPost 0.01 (0.001) -0.01 (0.001)
logFunds -0.3 5%k (0.118) -0.35%* (0.141)
Log Age_staff 0.03** (0.013) 0.03*+* (0.013)
Log Age 0.07 (0.179) 0.04 (0.211)
Log_staff 0.01 (0.001) 0.01* (0.001)
Pseudo R® 0.58 0.06

a: *** Coefficient significant at the 1%, ** Coefficient significant at the 5%, * Coefficient significant at the 10%.
b: Scientific dummies are included in the estimation procedure. Chemical sciences is the reference country.
c: standard errors are corrected for heteroscedasticity.

5 See Cameron and Trivedi (2013) for a technical discussion of Poisson and NB models.
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Table 3. Comparison based on Information criteria

Information criteria Poisson NB
AIC 16795.997 1426.816
BIC 16858.521 1491.945

As we may observe, the regression results confirm the importance of external collaborations on
the quality academic performance. This finding shows that academic production in quality determines
an important scientific externality: it leads to a higher own performance index but also to higher
performance of other academic institutions. The scientific collaborations represent a relevant channel

for the diffusion of externality.

Moreover, we implement also a panel model with clustered errors:

Y, =XB+u+e0)

where 7 = universities and 7= 2015 and 2016

tindex could represent any arbitrary index for observations grouped along two dimensions. The
usual assumption is that ¢, is independently and identically distributed, iid, but this is clearly violated in
many cases. For this reason, we may assume “clustered errors”, i.e. observations within group 7 are
correlated in some unknown way, inducing correlation in ¢, within 7 but that groups 7 and j do not get
correlated errors (Wooldridge, 2002).

Table 4. Panel data Model results

Variable Coeff s.e.”
logColl 0.79* (0.481)
logPub 0.29%* (0.139)
logSize -0.25 (0.441)
logPhd -0.03 (0.069)
logPost 0.01 (0.001)
logFunds -0.42%F* (0.152)
Log Age_staff 0.04** (0.018)
Log Age 0.09 (0.245)
Log_staff 0.07** (0.001)
R’ 0.57

a: *** Coefficient significant at the 1%, ** Coefficient significant at the 5%, * Coefficient significant at the 10%.
b: Scientific dummies are included in the estimation procedure. Chemical sciences is the reference country.
c: standard errors are corrected for heteroscedasticity.



The causal interpretation of the parameters could be questionable because scientific
performance and collaborations are affected by authors’ ability. This aspect may lead to an omitted
variable or joint causation matter. In order to avoid this bias, we consider two instruments for
collaborations variable (Coll) in an instrumental variable (IV) model: the number of students towards
Russian Universities (MOBILITYIN) and the number of Russian students towards other universities
(MOBILITYOUT). There is no reason to expect correlation with the error term, since even if more
students were involved in international exchange programs, this event does not lead to better scientific

performance of the research units.

Table 5. IV Model results

Variable Coeff s.e.”

logColl 2.81%* (1.293)
logPub 0.60%** (0.180)
logSize 0.11 (0.386)
logPhd -0.03 (0.082)
logPost 0.01 (0.001)
logFunds -0.46%* (0.233)
Log Age_staff 0.04 (0.024)
Log Age -0.05 (0.253)
Log_staff 0.01 (0.001)

Sargan overid.test 0.145179 (p = 0.7032)

a: *** Coefficient significant at the 1%, ** Coefficient significant at the 5%.
b: Scientific dummies are included in the estimation procedure. Chemical sciences is the reference country.
c: standard errors are corrected for heteroscedasticity .

As we may observe from IV results, we find confirmation of the importance of external
collaborations on Russian universities performance. The values of the Sargan overidentification test

provide support for the null of valid orthogonal instrumental variables in the estimated model.



7. Policy implications and conclusions.

The main objective of this paper is that of investigating the effects of external scientific
collaborations on the Russian Universities performance, measured by the number of citations towards
the publications.

This topic has become important in any debate on policies to foster productivity in different
countries. We approach this issue both theoretically and empirically. In particular, the rational behind
the model is that the scientific publications in collaboration produce positive externalities to all
Universities involved in the economic process.

Moreover, we estimate different econometric models to evidence the impact of external
collaborations on the universities performance. The data refer to top 50 Russian Universities according
to National Ranking of Universities 2016 prepared by Interfax specialized in 10 disciplines, observed
for two years 2015 and 2016. The findings of all models evidence the importance of collaborations for
the academic performance. Furthermore, we show that the knowledge flows that arise among
researchers from different Universities are relevant to enhance the quality research. Indeed, we use the
mobility of students as instruments for endogeneity of collaborations variable.

The results of our work have relevant implications for science policy. The knowledge exchange
with researchers is crucial to obtain the highest research quality.

However, further research is necessary. The weaknesses of the analysis consist in the limited
number of Universities and years observed in the sample. Hence, it should be opportune to replicate
the economic exploration with a sample based on better statistical features. Additionally, it should be
very interesting to compare our results to those stemming from the analysis based on more developed

countries.
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