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The Impact of Scientific Activity of Universities
on Economic and Innovative Development:

Universities play a crucial role in local economies, providing educational services and participating in re-
search and development. This is particularly important for Russia where regions are highly differentiated in
terms of both socio-economic development and technological progress and innovations. However, many re-
gional universities in Russia have traditionally focused primarily on teaching, with less emphasis on research
activities. In this paper, we aim to deepen the understanding of the impact of scientific activities of univer-
sities on regional economic and innovative development. For this purpose, we estimate different specifica-
tions of a fixed-effects model using panel data from Russian regions for 2010-2016. We aggregate the num-
ber of universities’ publications per researcher at the sub-national level to incorporate regional scientific ac-
tivity in our model. Considering other important socio-economic characteristics of regions, we revealed that
the association between the publication activity of universities and innovative development of the region re-
mains significant, while the relationship between economic development of the region and the scientific ac-
tivity of universities disappeared completely. A number of robustness checks demonstrated that statistically
significant results remain only when the relative number of publications indexed in international citation da-
tabases (Scopus and Web of Science) is used as an explanatory variable. Simultaneously, the publications in-
dexed in specific Russian lists and databases as well as publications in regional scientific organisations that
are not universities do not contribute to innovative development of the region. The results can be used for
planning the funding of research activities in universities and setting performance targets for universities.
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Bausiaue Hay‘moﬁ AeATEe/IbHOCTU YHUBEPCUTETOB
Ha 3G KOHOMMNYECKO€e 1 MHHOBAIIlMIOHHOE€ pa3BUTUeE

YHueepcumemot uepaiom 3HaUUmMenvHy1o ponv 8 peeuoHANLHOL IKOHOMUKE, NOCKONbKY OHU npedocmassiom o6paso-
samesnvHbvle YCayeu U NPUHUMAIOM yudcmue 8 HAy4HO-UCCcnedo8amenvckoti pabome. Imo ocobeHHo saxcHo onst Poccuu, 2de
PecUuoHbL CYULeCTNBEHHO PASTIUMAIOMCS C MOUKU 3PEHUS KAK COUUATILHO-IKOHOMUUECK020, MAK U MeXHU1eCK020 U UHHOBAUU-
0HHO20 pazeumus. TPAOUUUOHHO CTOIUIOCD, YO MHO2UE Pe2UOHANbHbLE YHUBepcUmembl 8 Poccuu 3aHUMAOmest monvko
npenodasaruem, He YOesnsisi OONHCHO20 BHUMAHUS UCCTIE008AMeNbCKOTE 0esTmenvHoCMU. JJanHas cmambvsi aHanu3upyem 67us-
Hue HAYUHOLL esTMeNbHOCU YHUBEPCUMEMO8 HA IKOHOMUUECKOe U UHHOBAUUOHHOE pA3sumue peeuoHo8. [ docmudceHus
amotl yenu 6vin1a nposedeHa OyeHKA PA3TUHHBIX CHeUUPUKAYUT MOOEU ¢ PUKCUPOBAHHBIMU IPPeKmamu Ha 0CHOBAHUY Na-
HesbHbIX daHHbLx no peeuoHam Poccuu 3a 2010-2016 ze. [ ananusa peecuoHanvHOU HAY4HOL 0esmenbHOCU 8 MOOenb Obil
BK/II01EH NOKA3AMENb KONUYeCt6a nyOnuKkauuti yHusepcumenos Ha 00H020 Uccnedosamess Ha cyOHAUUOHATIHOM YPoBHe.
AHanus 8ajHvlxX COUUATLHO-IKOHOMUHECKUX XAPAKMEPUCTNUK PeUOHO6 NO3BONIUIL BbIIBUMb, YN0 C8513b Mendy nyonuKa-
YUOHHOTI AKMUBHOCINDIO YHUBEPCUIMENO8 U UHHOBAUUOHHBIM PA3BUMUEM Pe2UOHA OCAENICS 3HAYUMOT, 6 MO BPeMs KAK
83aUMOCBSI3b MeHOY IKOHOMUUECKUM PASBUMUEM PE2UOHA U HAYUHOTI AKIMUBHOCIDIO YHUBEPCUMENMO8 NOHOCIIDIO UCHE3/IA.
IIposepxa npasunvHOCMu pacuemos npoOeMOHCIMPUPOBATLA, YO Pe3YIbIMAamvl CrAMUCu4eck 3HAYUMbL MOIbKO mo2oa,
K020a 6 Kauecmee 00bsCHAIOWEN NePEeMEHHOLL 8bICIYNAe OMHOCUMENbHOe KOIUYeCmE0 nyOnuKayuil, npouHoexcuposa-
HBIX 8 MeHOYHAPOOHbIX cucmemax yumuposanus (Scopus u Web of Science). IIpu amom nyonukayuu, npouHoeKcuposa-
Hble 8 POCCUTICKUX CHUCKAX UCMOYHUKO08 U 0a3ax 0AHHIX, 4 makice nyOnuKayul 8 pecuoHANbHbIX HAYUHDIX 0P2AHUSAUUSX,
He SIBTIIOULUXCST YHUBEPCUMEMAamu, He CnocoOCmBy0m UHHOBALUOHHOMY pA36Uumuio peeuoHa. Pesynvmamut uccnedosanus
Mozym 6vimv npumeneHvl 01 NAAHUPOBAHUS PUHAHCUPOBAHUS UCCTIE008AMENLCKOTE 0eSTMENLHOCU 8 YHUBEPCUMEMax u

gﬁopmupoeaﬂuﬂ uenesovlx noxkasamerneti 07 yHusepcumemos.
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1. Introduction

Recent studies of economic growth and devel-
opment often focus on knowledge economy and
the diffusion of innovations. Innovations are con-
sidered as one of the main competitive advantages
of the national economy.

According to neoclassical models of eco-
nomic growth, innovations or research and de-
velopment (R&D) are believed to affect total fac-
tor productivity and to be one of the main deter-
minants of economic growth, along with the cap-
ital accumulation, even taking precedence over it.
However, both physical and human capital accu-
mulation remains an essential component of eco-
nomic growth. Certainly, finding ways to acceler-
ate economic growth and increase welfare at the
expense of both presented elements remains cur-
rent agenda.

The role of universities in the development
of the economic system is commonly known. On
the one hand, these organisations provide educa-
tional services to the population creating a high
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level of human capital. On the other hand, they are
engaged in research and development participat-
ing in the innovation process and contributing to
technological progress and productivity growth.

Such a logic is not only applicable at the coun-
try level, but also at the regional level. To a cer-
tain extent, the regions can be considered as qua-
si-states. This idea has a special meaning for the
Russian Federation, because it consists of many
highly differentiated regions. It should be noticed
that the large number of these regions’ economies
are comparable with some European and other
countries in the world.

This study seeks to advance understanding
concerning the impact of scientific activity of uni-
versities on regional economic and innovative de-
velopment. We develop a new approach for meas-
uring the scientific activity of universities and
their impact on regional economy.

The rest of paper is organised as follows. It be-
gins with literature review and theoretical frame-
work of the research through formulating key hy-
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potheses regarding universities’ role in regional
economy. Then we introduce an econometric
model and discuss suitable estimation methods.
Then we describe collected data and give main
variables’ definitions. We conclude by presenting
the results of our research, pointing out some pol-
icy implications and discussing the limitations of
the study.

2. Literature Review and Theoretical
Framework

Nowadays, universities are undoubtedly an es-
sential part of the subnational economic land-
scape, in particular, playing an important role in
the development of regional innovation systems.
However, it is quite difficult to separate and an-
alyse potential effects of universities as a part of
a regional economy from universities as a part of
an innovation system. In this regard, the specific
tasks that modern universities can and should ad-
dress remain the subject of debate both in theory
and in practice.

Previous studies of universities’ impact can be
divided into three groups: (1) theoretical and em-
pirical studies of all the variety of functions that
universities perform in a regional economy; (2)
research of the role played by universities for the
economic development of the region as a whole,
without the separating specific regional subsys-
tems; (3) more specific studies of the place and
role of universities in regional innovation sys-
tems, including the formation of theoretical con-
cepts such as the “triple helix”’, the estimation of
the knowledge production function, and others [1,
2,3].

The multi-faceted influence of universities on
regional development, which has long been recog-
nised as extending beyond purely educational ac-
tivities, is widely accepted. Thus, what matters for
subnational development is not the presence and
number of universities in the region, but how ef-
fectively they perform their multiple functions.
Hence, modern researchers no longer study sin-
gle universities or theorise about their role, but
rather quantify their impact on both the economic
and innovative development in cross-country or
cross-regional comparisons [4, 5].

As part of this research approach, we formulate
two main hypotheses that will be addressed in our
paper.

H1. Universities have a significant impact on the
economic development of the region.

It is obvious that universities have a funda-
mental territorial linkage. But the crucial question
is whether these institutions have a real impact
on regional economies, their growth and develop-

ment. Can it be measured and forecasted? What
channels of interconnection do we have?

Brown and Heaney explored the economic im-
pact of institutions of higher education via the
analysis of universities’ influence on regional
economy through labour market. Considering
two main approaches for such analysis (econom-
ic-based approach and skill-based approach) au-
thors have justified the overestimation of second
one [6].

Martin, using Canadian universities’ data, con-
cluded that universities make a significant contri-
bution to GDP and employment growth through
the stream of new ideas and technologies [7].

Talking about other educational organisa-
tions, Hanushek & Woessmann investigated the
impact of school education on economic growth.
Using cognitive skills as an indicator measured by
students’ test results instead of traditionally im-
plemented years of schooling data, authors have
proved that this approach is the most suitable way
for assessing human capital in growth models.
The main result obtained by these authors is that
school activities have a direct significant causal ef-
fect on variations in long-run growth rates across
countries [4].

There are three well-known roles of universities
(teaching, research, and entrepreneurship), based
on which researchers analyse their impacts on re-
gional economies. So, Guerrero, Cunningham, and
Urbano found that all three types of university ac-
tivities have positive impact on regional economic
performance, however, the influence of entrepre-
neurial activities is the biggest one [8].

Hanushek demonstrated that economic growth
is highly related to the knowledge capital of the
country. In this case, the role of universities is one
of the central parameters to any empirical consid-
erations of human capital and growth not only on
country, but on regional level as well [9].

Drucker analysed the impact of different types
of university activities on entrepreneurship and
concluded that this impact varies with the se-
lected variable measures and remains positive, al-
though not as strong as in previous studies [10].

Egorov, Leshukov, and Gromov analysed the
contribution of universities in Russia to gross re-
gional product growth and concluded that the de-
velopment of regional higher education systems
would lead to a positive effect on regional eco-
nomic development [11].

Valero & Van Reenen assessed the economic
impact of universities in the broad historical and
global context. Authors revealed both the direct
impact of the increase in the number of universi-
ties on economic growth and the indirect impact
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through the contribution of universities to re-
gional human capital and innovation [12].

H2. Universities have a significant impact on the
innovative development of the region.

The conceptual framework for studying the
impact of universities on regional innovative de-
velopment is provided by the “triple helix of in-
novation” concept, which recognises universities,
public authorities, and industry as equal partici-
pants in the innovation process (see Leydesdorff
& Etzkowitz [1], Etzkowitz & Leydesdorff [2]).

Mansfield afforded theoretical support and
empirical evidence for the hypothesis explain-
ing the key role of the university research in
stimulating both product and process innova-
tions [13].

Gunasekara admitted that universities, with
help of their resource base of people, skills and
knowledge, play a significant role in regional net-
working and institutional capacity building. At the
same time their staff, both in formal and informal
way, may act as “‘regional animators” [14].

Laredo considered the set of university activ-
ities. Common approach supposes consideration
of three missions of universities, including mass
tertiary education, professional specialised higher
education and research and academic training.
Considering the third mission, Laredo proved that
it is closely associated with a concept of entrepre-
neurial university as well as traditionally men-
tioned functions of fundamental and applied re-
search and transfer of technology. The third mis-
sion is widely recognised by scientists as a main
channel connecting universities with the external
world [15].

Nowadays, as Goldstein admitted, universi-
ties are experiencing so-called “entrepreneurial
turn”. It means that they are becoming actively in-
volved in the development and commercialisation
of technology stemming from university-based
research; and “changing the internal regulations,
rewards and incentives, norms of behaviour, and
governance of universities to remove barriers to
individual faculty, other researchers, and research
centres/institutes engaging in behaviour that
leads to the commercialisation of university-gen-
erated knowledge” [16].

Smith and Bagchi-Sen [17] concentrated on the
evidence provided by Martinelli, Meyer, and Von
Tunzelmann [18], which illustrated that even be-
coming more entrepreneurial, did not necessar-
ily mean a stronger regional impact. They showed
that, “the university is at the centre of a dense net-
work of relations with non-academic partners”.
Such faculty relationships were described as indi-
cators of entrepreneurialism.
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Riicker Schaeffer, Fischer, and Queiroz stud-
ied the role of research universities in the devel-
opment of local and regional innovation systems,
using the Brazilian state of Sdo Paulo as an exam-
ple. The authors concluded that the presence of a
leading university in the city or micro-region has
a positive impact on innovation activities. There
is also a positive effect on human capital develop-
ment [19].

The study of the so-called knowledge produc-
tion function stands apart in this matter. The ba-
sic equation of such functions, introduced by Jaffe
[20], inspired by Griliches [21], and developed
by many others. Such functions usually include
knowledge output and universities’ expenditures
on research and development as one of inputs.

3. Model, Methods, Estimation Issues

The empirical research, relied on regional level
data, is obviously constrained by the limited num-
ber of regions within one country (Russia, in our
case, consists of 85 regions). That problem can
be solved by using the within-region variation to
multiply the number of observations. Such a solu-
tion is available within the framework of the panel
data approach.

The basic model of innovations for economet-
ric estimation of universities” impact using panel
data approach can be written as following:

inno, = Px, + ycontrols, + 8+, + ¢, (1)
where i and t are indices used for regions and time,
correspondingly; inno, is innovations per person
(this indicator can be replaced with gross regional
product (GRP) per capita for the economic devel-
opment equation); x, denotes to university varia-
ble; controls, denotes to control variables; &, is a
region-specific effect and p, is a time-specific ef-
fect; g, is the error term.

The inclusion of time-specific effects is impor-
tant because the innovative activity is assumed to
increase over time. The inclusion of a region-spe-
cific effect allows to take into account permanent
differences in the level of innovative development
between regions that are not captured by x,, or
controls, .

However, do not forget about the possible pres-
ence of the problem of endogeneity of the studied
variables. For example, the close relationship be-
tween quantitative indicators of university perfor-
mance and economic indicators (the gross regional
product) can be explained by the impact of science,
education, and business activities of universities
on economic growth, and the reverse impact of the
scale of economic development that determine the
demand for educational services and research work.

www.economyofregion.com




Dmitrii S. Tereshchenko, Vasilii S. Shcherbakov 227

Similarly, the relationship between universi-
ties and innovative indicators is ambiguous. The
results and effectiveness of the activities of uni-
versities can influence the development of the re-
gional innovation system through several chan-
nels. At the same time, the regional innovation
system itself can, during its expansion and devel-
opment, lead to an increase in demand for educa-
tional services and research. Moreover, both pre-
sented indicators may be dependent on the third
variable, which also complicates the analysis pro-
cess and distorts the results.

One way to solve the problem of the recipro-
cal inverse causal relationship between the indi-
cators in econometrics is to lag all regressors by
one year. This means that regressors are measured
at t — 1, whereas the dependent variable is meas-
ured at t. This approach solves the problem of in-
verse causality, but it is worth recognising that it
does not completely solve the more general prob-
lem of endogeneity, which needs to be addressed
in further research.

4. Data and Variable Definitions

4.1. Data

Data from different sources were used. The
main source of information about the eco-
nomic and innovative performance of Russian re-
gions is a publicly available database provided by
Russian Federal State Statistics Service, the sta-
tistical yearbook called ‘“Russian regions” (is-
sues of 2016, 2017, 2018). This yearbook consists
of 25 chapters, including several chapters related
to the needs of our research. Chapter 21 “Science
and Innovations” contains data about important
measures for the effectiveness of a regional inno-
vation system. Chapter 5 “Education” provides
useful information about educational system char-
acteristics. Another important data relevant to the
research can be found in chapters 2 “Population”,
3 “Employment and unemployment™, 10 “Gross
Regional Product”, 23 “Investment”, 24 “Prices
and Tariffs” and others.

Additional information about scientific activ-
ity was obtained from the Scientific Electronic
Library (eLIBRARY). eLIBRARY is the largest on-
line library with open access in the Russian
Federation, which contains the biggest storage of
scientific publications, which authors are mainly
from Russia. The main feature of this library is
co-integration with the Russian Science Citation
Index, which was created by the Ministry of
Education and Science of the Russian Federation.
The Russian Science Citation Index accumulates
more than 2 million publications of Russian au-

thors, as well as information about citing these
publications from more than 3000 scientific jour-
nals and other editions. eLIBRARY collects a lot of
different information and indicators about publi-
cation activity. The available information makes it
possible to aggregate data on publication activity
at the regional level.

However, this library includes data on both the
publication activity of universities and the char-
acteristics of other organisations, including sci-
entific centers. To exclude performance indica-
tors of all organisations, except for universities,
the following algorithm was used. Firstly, the
list of universities for each region was collected
from the portal “National Center for Monitoring
the Innovation Infrastructure of Scientific and
Technical Activities and Regional Innovation
Systems” which was designed to provide an inte-
grated approach to monitoring of the regional in-
novation systems of the Russian Federation and,
in general, the national innovation system. The
portal is managed by the Ministry of Education
and Science of the Russian Federation. Thus, the
study will only consider universities officially rec-
ognised as part of the national innovation sys-
tem. In addition, this approach allows focusing on
the indicators of scientific activity of universities,
excluding the indicators of scientific centres and
other organisations. Secondly, the values of indi-
cators of publication activity of listed universities
were obtained from Scientific Electronic Library.
Thirdly, the values of the obtained indicators were
aggregated at the regional level to measure the
publication activity of each region and to be com-
parable with the official statistics.

The final sample covers almost all Russian re-
gions in the quantity of 83 from 85 available for
the period 2010-2016 (the Republic of Crimea,
Sevastopol are not included due to the lack of
data). Since there is no data for some indicators in
some regions, the study uses an unbalanced data
panel. In addition, the data were cleared of out-
liers by relative indicators of innovative activity
of the regions and their economic development.
Thus, the set of regions under study changes ac-
cording to the dependent variable under consid-
eration and the regressors included in the model.

Values for monetary indicators were deflated
by the index capturing the price of consumer bas-
ket for each specific region in each year.

4.2. Dependent Variables

According to Griliches, “The dream of getting
hold of an output indicator of inventive activity is
one of the strong motivating forces for economic
research in this area” [22, p. 1669].

DKoHOMMKa pervoHa, T.17,Bbin. 1 (2021)
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Table 1
Descriptive statistics of dependent variables
variable decomposition mean sd min max n
overall 13.16 3591 0.00 469.05 575.00
vig between 28.56 0.02 245.70 83.00
within 21.79 —232.42 236.51 6.93
overall 548.69 398.20 214.19 3437.91 575.00
grp between 393.86 264.05 3020.87 83.00
within 63.61 —40.70 965.73 6.93

Source: Authors’ calculations.

The Russian specificity is that the indicators
of the number of patents and their citations may
not reflect the real innovation activity in the re-
gions, since the procedure for their registration
is relatively cheap and simple, while their role in
protecting intellectual property rights is mini-
mal. Patents serve rather as a means of confirming
compliance with KPIs, contractual and grant obli-
gations, and have little relevance for real innova-
tions. Thus, the patent citation statistics are not
consistent for purposes of our research.

A reasonable strategy in this case would be to
look for an indicator more realistically reflecting
the results of innovation activities. Fortunately,
the yearbook “Regions of Russia” includes sev-
eral innovative indicators. Among them is the
indicator “Value of innovative goods, works and
services”. Innovative goods, works and services
are defined as “goods, works and services that
are new or have been subject to various techno-
logical changes over the last three years”. This
indicator of R&D output seems to be consist-
ent with approach applied in Acs et al. [23, 24],
Anselin et al. [25], Varga [26]. The indicator is
taken on a per capita basis danoted in the fol-
lowing text as vig.

GRP per capita (grp) was used to measure the
economic development of the region, which corre-
sponds to many studies on economic growth.

A first look at both innovative and economic
indicators reveals significant heterogeneity across
regions and time (see Table 1). At the same time,
the fraction of dispersion between indicators is
high (especially for GRP per capita), which indi-
cates the presence of unobserved individual ef-
fects that do not change over time. However, the
general time effects should not be excluded from
consideration either. This all speaks in favour of
choosing a model with fixed individual and time
effects. It does not contradict the economic intui-
tion either, since when analysing data by regions,
there are reasons to believe that there are impor-
tant regional characteristics that do not change
over time, as well as time effects that are identical
for all regions in each period, related to different
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aspects of the state economic and innovation pol-
icy, business cycles, etc.

4.3. Variable of Interest

The measurement of universities’ results is
quite an important question. Their role in re-
gional and innovative development can be repre-
sented as a many-sided process. This process in-
cludes educational, scientific, consultative, entre-
preneurial, and other functions. A common ap-
proach is to use various publication performance
indicators to assess the research output of uni-
versities at different levels, including depart-
ments, universities, regions, and countries. (See
such research as Teodorescu [27], Hu et al. [28],
Evdokimov et al. [29], Ivanov et al. [30], Turko et
al. [31], Tereshchenko & Shcherbakov [32]).

There are several widespread publication activ-
ity indices in absolute values as well as in relative
numbers, for example, the h-index and others. So
Tereshchenko & Shcherbakov provided some mo-
tivation for using indicators of publications in rel-
ative numbers on the regional level [32].

Simultaneously, eLIBRARY gives an opportu-
nity to differentiate Scopus and Web of Science
publications from publications recommended by
Higher Attestation Commission, so-called VAK
publications, and the Russian Science Citation
Index (RSCI) ones.

It should be noted that, on the one hand, there
are much more serious requirements for papers to
be accepted for publication in Scopus and Web of
Science compared to RSCI. It is therefore not sur-
prising that there is a large list of predominantly
Russian publications included in the RSCI, which
is constantly growing and expanding. On the other
hand, the process of publication in the RSCI re-
quires a much smaller amount of labour and time,
which leads to an exponential increase of papers
of relatively poor quality.

Due to industry standards, to get candidate
or doctor degrees, Russia postgraduate students
have to make several publications in the jour-
nals included in the VAK list, i. e., journals recom-
mended by Higher Attestation Commission. Thus,
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Fig. 1. Relationship between publication activities in regions and their economic development

sometimes, these publications fulfil some prereq-
uisites and formal requirements but do not con-
nected to any scientific results directly.

Therefore, we argue that total number of uni-
versities’ publications per researcher indexed in
Scopus and Web of Science during 1 year time pe-
riod could be regarded as the most appropriate in-
dicator for measurement of regional universities’
results. Henceforth we use the notation pub for
this indicator.

Scatter plots showing some relations between
the mentioned above indicator and dependent var-
iables connected with innovative and economic de-
velopment of the regions of the Russian Federation

in 2015 are presented in Figures 1, 2. Pearson corre-
lation coefficients estimates between pub indicator
and value of regional innovative products and GRP
are 0.35 and 0.41 accordingly. These coefficients
are significant on the 1 % level.

4.4. Control Variables

The main objective of this study is to identify
the effect of scientific activities of universities on
the innovative and economic development of the
region. In order to obtain an unbiased estimate of
the regression coefficient for a variable of inter-
est, a set of control variables should be added to
the regression.

o
Value of innovative goods per capita (log)

Publication count per author (log)

Fig. 2. Relationship between publication activities in regions and their innovative development
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Table 2
Justification of inclusion of control variables in the regression
Variable . Pairwise correlation coefficient with: Theoretical support
vig grp pub

Stud 0.12 0.22 0.32 [11], [33]

Hei 0.12 0.20 0.34 [12], [19]

Rdc 0.30 0.30 0.60 [8]

Inv 0.23 0.47 0.41 (11], [12], [19], [33]
Dens 0.16 0.18 0.26 [11], [19], [33]
Birth —-0.15 —-0.06 —-0.03 [4]

unempl ~0.32 —0.33 ~0.32 [10], [11], [33]

Urb 0.34 0.44 0.46 [11], [34]

Source: Authors’ analysis.

It should be noted that our work focuses on two
research issues: (1) whether universities influence
the innovative development of the region and (2)
whether universities influence the economic de-
velopment of the region. This may raise some
doubts about the set of control variables: should
it be the same for regressions with different de-
pendent variables? Strictly speaking, no. However,
the use of the identical set in our study is still jus-
tified. Firstly, control variables associated with
important regional characteristics for innova-
tion activity equation definitely can play the same
role for GRP equation in terms of omitted varia-
bles bias. Variables correlated with regional in-
novations are often correlated with GRP as well.
Secondly, such approach would lead to more visi-
bility and comparability of results when assessing
different models.

Taking into account the economic intuition,
the experience of previous researchers working on
this topic, as well as available data, a set of control
variables was formed, and the following notations
were chosen:

— stud — the number of current students en-
rolled in programmes of higher education, in-
cluding Bachelor’s, Specialist’s and Master’s pro-
grammes, per 1000 people in region;

— hei — the number of functioning higher ed-
ucation institutions per 1000 people in the regi-
on;

— rdc — intra-company research and develop-
ment costs per capita in the region;

— inv — investment in fixed assets per capita in
the region;

— dens — population density in the region;

— birth — birth-rate in regions (%);

— unempl — unemployment rate in the region
(%);

— urb — share of urban population in the re-
gion (%).

Justification of inclusion of control variables in
the regression is presented in Table 2.
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Almost all variables (see estimated correlation
coefficients in the table), can be related to both
innovation and economic subnational character-
istics as well as to scientific activities of univer-
sities in the region, so not including them in the
regression may result in an omitted variable bias.
Moreover, their inclusion in the regression equa-
tion is based on the accumulated experience of
previous studies on this topic.

5. Results

Table 4 presents the results of the main regres-
sions. Regressions (1)—(4) are designed to identify
the relationship between the scientific activity of
universities and regional innovations, and regres-
sions (5)—(8) express the relationship between the
scientific activity of universities and the economic
development of the region.

Regressions (1), (5) are baseline regressions.
They represent pooled regressions and allow esti-
mating the association between scientific activity
of universities and innovative and economic indi-
cators of regions at first glance. In both cases, the
estimated regression coefficients are positive and
significantly different from zero.

Regressions (2), (6) are also pooled regressions,
but extend the baseline specification by including
control variables in the regression equations. In
both cases, the significance of the estimated coef-
ficient on the publication activity disappears.

Regressions (3), (7) extend the baseline regres-
sions by including fixed regional and time effects
into it. In regression (3), the estimated coefficient
on scientific activity of universities remains sta-
tistically significant at least at 10 % level, but the
absolute value of the estimated coefficient de-
creases. In the regression (7), the statistical sig-
nificance of the coefficient on variable of interest
is lost.

Regressions (4), (8) include both a full set of
control variables and regional and time fixed ef-
fects. In regression (4), the estimated coefficient
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Table 3
Regression results
Dependent variable
Regressors vig Grp
(1) (2) (3) (4) (5) (6) (7) (8)
Pub 0.906™ 0.204 0.495* 0.513" 0.116™ —0.015 —0.012 —-0.011
(0.255) (0.239) (0.275) (0.291) (0.047) (0.039) (0.016) | (0.014)
Control variables No Yes No Yes No Yes No Yes
Fixed individual No No Yes Yes No No Yes Yes
and year effects
Observations 357 357 357 357 371 371 371 371
R? 0.097 0.491 0.913 0.915 0.066 0.589 0.951 0.956
Adjusted R? 0.094 0.477 0.888 0.888 0.064 0.579 0.937 0.942

Note 1: all variables, except for stud, hei, birth, urb are taken in natural logarithms; the first lags of regressors are taken in the right-

hand side of the equations.
Note 2: " p <0.10; " p <0.05; " p < 0.01.

Note 3: Standard errors of coefficient estimates clustered at regional level are in parentheses.
Note 4: R? and adjusted R? in columns (3), (4), (7), (8) are calculated for LSDV (least squares dummy variable) model.

on the indicator of university research activity re-
mains statistically significant at least at the 10 %
level, but the absolute value of the estimated co-
efficient decreases in comparison with the base-
line regression. In regression (8), the coefficient
on variable of interest becomes insignificant.

Thus, both in the case of the analysis of the
innovative development of the region and in the
study of economic development, the initially
strong and significant effect of the scientific ac-
tivity of universities is delayed by other regional
and temporal characteristics to a large extent.
However, the relationship between the publica-
tion activity of universities and the innovative de-
velopment of the region remains significant, while
the relationship between the economic develop-
ment of the region and the scientific activity of
universities disappears completely.

5.1. Robustness Check

The results allow us to provide some conclu-
sions and recommendations to be made in the
area of public policy, but they must first be tested
for sensitivity and robustness to various changes
in the regression model and data used. Table 4
presents the results of regressions that make it
possible to do so.

Regressions (9), (13) reproduce the results of
regressions (4), (8) from Table 3 and are inserted
into Table 4 for comparison with the results of
modified models. The rest of the regressions are
designed to reveal some additional aspects of
the study of the relationship between the scien-
tific activity of universities and subnational in-
novation and economic development, connected
with the peculiarities of science functioning in
Russia.

First, in the basic regressions of this paper, we
adhered to the standard of Western studies and
analysed the impact of university science on re-
gional development. However, in Russia, in addi-
tion to universities, scientific activities are car-
ried out directly in scientific organisations, such
as institutes and departments of the Russian
Academy of Sciences. This organisation plays a
crucial role in the development of fundamental
science. But in many cases, it is quite difficult to
measure direct effects of fundamental research on
process of innovations’ creation because of time
lags. Universities in turn have relatively more ap-
plied research. Therefore, our research has fo-
cused on the publication activity of universities.
Nevertheless, the potential role of other scientific
organisations should also be examined.

The regressions (10), (14) take into account
other explanatory variable, namely the number of
publications indexed in Scopus and Web of Science
per one author, considering the publications and
authors related to scientific organisations in the
region according to the portal “National Center
for Monitoring the Innovation Infrastructure of
Scientific and Technical Activities and Regional
Innovation Systems”. In both regressions, the es-
timated coefficient on this variable is statisti-
cally insignificant. This may serve as indirect ev-
idence that Russia is gradually switching to mod-
ern Western models of scientific systems develop-
ment with the leading role of university research.

Second, as mentioned at the beginning of this
paper, in addition to the international indices of
scientific citation, Russia has a national index,
namely the Russian Science Citation Index (RSCI).
There are a lot of high-quality publications which
have fundamental as well as practice-centered na-
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Table 4
Robustness check
Dependent variable
Regressors viq grp
9) (10) (11) (12) (13) (14) (15) (16)
Pub 0.513" 0.324 —-0.022 0.497" —-0.011 —-0.015 0.056 —-0.012
(0.291) (0.201) (0.675) (0.267) (0.014) (0.201) (0.062) (0.014)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes
Fixed individual and Yes Yes Yes Yes Yes Yes Yes Yes
year effects
Observations 357 366 361 365 371 380 375 376
R? 0.915 0.897 0.897 0.922 0.956 0.956 0.955 0.955
Adjusted R? 0.888 0.863 0.863 0.896 0.942 0.943 0.941 0.941

Note 1: all variables, except for stud, hei, birth, urb are taken in natural logarithms; the first lags of regressors are taken in the right-

hand side of the equations.
Note 2: " p <0.10; " p <0.05; " p < 0.01.

Note 3: Standard errors of coefficient estimates clustered at regional level are in parentheses.
Note 4: R* and adjusted R* in all columns are calculated for LSDV (least squares dummy variable) model.

tures. At the same time, they have some peculi-
arities. For instance, the majority of RSCI’s pub-
lications are made in Russian. This fact may lead
to relatively smaller diffusion of ideas made by
Russian-speaking scientists within international
professional and business communities. This in
turn could not be the crucial factor for innova-
tions’ appearance based on them. So, regressions
(11), (15) consider the number of publications in
RSCI editions per one author as a dependent vari-
able. In both regressions, the estimated coefficient
on this variable is statistically insignificant. This
means that it is the scientific activity, the results
of which are published in international publica-
tions, that has a significant effect on the innova-
tive development of the region.

Third, it is necessary to check the sensitivity of
the obtained results to outliers. Regressions (12),
(16) are estimated at the total population of re-
gions for which there are no missed values. In both
regressions, the estimated coefficient on the sci-
entific activity changes slightly in absolute terms,
and the status of significance of the coefficient es-
timate remains unchanged. The scientific activity
of universities is still significantly associated with
regional innovation development and is not asso-
ciated with economic development of the region.

Thus, the results obtained can be considered
quite reliable and robust.

6. Conclusions and Implications

To sum up, the following main conclusions can
be drawn in the context of the hypotheses stated
at the beginning of the paper.

Based on the econometric analysis, we obtained
following results: Scopus and Web of Science pa-
pers affect regional innovations, but are not asso-
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ciated with GRP. The result obtained can be inter-
preted as follows. Publication of articles in jour-
nals indexed in Scopus and Web of Science is one
of the intermediate steps in creating new knowl-
edge and products, obtaining qualitatively differ-
ent results since it allows researchers to present
their own vision and to initiate scientific discus-
sions and, more importantly, to be the first to en-
shrine the results obtained before the world scien-
tific community.

Obviously, in view of this, there is a positive ef-
fect of such publications on innovation. The lack
of influence on GRP, in turn, may indicate that not
all innovations resulting from such publications
are implemented or applicable in their own re-
gion, and that even if they are implemented, there
can be a significant time lag between the publica-
tion itself and its practical application in the re-
gional economy.

Overall RSCI publications do not affect re-
gional innovations. Considering the rapidity and
low-quality requirements for the published mate-
rial in some proceedings indexed in the RSCI, this
fact may indicate that the purpose of such a pub-
lication is not the creation of new knowledge, but
the fulfilment of some quantitative goals on pub-
lications. In other words, publications begin to ap-
pear for the sake of the publications themselves,
which certainly does not lead to the creation of
new knowledge and innovations.

Our findings created a basis for further analysis
in different directions. For instance, one of ques-
tions, which have a high priority in this sphere, is
funding of universities’ research programmes. It
is necessary to have some indicators to measure
the effectiveness of funding. In this case our re-
sults can provide some arguments. Clearly, targets
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and benchmarks should be based on publications
indexed in international citation databases rather
than in Russia-specific lists and indices.

There should be two simultaneous ways in
the development of scientific activity. On the one
hand, government and universities should pro-
mote additional motivation for researchers to
publish in the appropriate Scopus and Web of
Science journals. On the other hand, it is needed

to raise quality standards and ethical approaches
within RSCI and VAK journals.

However, the interpretation of the results ob-
tained in this study is not free from some limi-
tations. For example, there are Russian journals
in various fields, which are included in the list of
VAK, but also included in Scopus and/or WoS. Such
kind of publications’ impact on innovative devel-
opment certainly requires additional clarification.
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