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THE ESTIMATION OF EFFICIENCY
OF THE UNIVERSITY INNOVATION ACTIVITY:
SYSTEMS OF INDICATORS AND BIBLIOMETRIC APPROACH

The development of new forms of science and innovation at universities, as well as the interaction
of higher education institutions with regional participants of the innovation system raises the question
of evaluating the effectiveness of innovation as an independent phenomenon. Correct assessment of
innovation activity helps the university to determine its strategic advantages, which is necessary in
today’s conditions of tough competition, uncertainty of the external environment, the lack of all types
of resources, globalization of education. The authors examined the differences in interpretations of the
concepts of “effect” and “efficiency” in relation to the innovation activities of the university. The authors
analyzed the methodological approaches to the integrated assessment of the innovation activities of the
university, presented in modern studies on this topic. The authors paid attention to approaches based on
the integral index of innovation activity, as well as measurements of various types of actions within the
framework of innovation activity. Among the main groups of indicators, research productivity, research
quality, academic results, etc. are highlighted. The authors also pay attention to alternative approaches to
assessing innovation, including the bibliometric (scientometric) approach. This approach has been rap-
idly developing in recent decades and is actively used in the compilation of various university rankings.
The authors have shown the main advantages of the bibliometric approach, as well as the possibilities of
its use for evaluating the scientific activities of both the individual scientist and the university as a whole.

Key words: university, innovation, efficiency, assessment, bibliometric approach.
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YHUBEPCUTETTiH, MHHOBALLMSIABIK, KbI3BMETIHIH, TUIMAIAIriH GaFraAay:
KepceTKilTep XYyHeci >xoHe OMOAMOMETPUSIAbIK TOCIA

YHUBEPCUTETTEPAE FbIAbIMU XKOHE MHHOBALMSABIK, KbI3METTIH >KaHa HbICAHAAPbIH AAMbITY, COHAAN-
aK, >KOFapbl OKY OPbIHAAPbIHbIH, MHHOBAUMSIAbIK, XXYMECIHIH, alMaKTbIK, KATbICyLIbIAAPbIMEH ©3apa ic-
KMMbIAbI MHHOBALMSABIK, KbI3METTIH TUIMAIAITIH AepOec KyOblAbIC peTiHAe Garasay TypaAbl MaCceAe
KOSIAbl. VMHHOBAUMSIABIK KbI3METTi AypblC 0araray >OFapbl OKY OPHbIHbIH ©3iHiH CTPaTerusiAbIK,
apThIKWbIAbIKTAPbIH aHbIKTayblHA bIKMAA €TeAl, ByA Kasipri 3amaHfbl KaTaH 0G8CeKeAecTiK, CbIPTKbl
opTaHblH, GeArici3airi, pecypcrapabiH GapAblK TypAepiHiH, TarubiAbiFbl, GiAiM 6epyait xahaHaAaHybl
SKaFAAMbIHAQ KAXKeTTi 6OAbIN TabblAaAbl. ABTOPAAP YHUBEPCUTETTIH MHHOBALMSIABIK KbI3METIHE KATbICTbl
«aCcep» XKoHe «TMIMAIAIK» YFbIMAAPBIHBIH, TYCIHAIPMEAEPIHAEr aiblpMaLUbIAbIKTapAbl KapacTblpFaH.
ABTOpAAp OCbl TakbIpbir GOMbIHLLA 3aMaHayu 3epTTEYAEPAE YCbIHbIAFAH XKOFapbl OKY OPbIHAAPbIHbIH
MHHOBALUMSIABIK, KbI3METIH KelleHAI 6ararayAblH 9AiICHaMaAbIK TACIAAEpIH TaAAaAbl. ABTOpAap
WMHHOBALMSABIK, KbI3METTiH MHTErpaAAbIK, MIHAEKCI Heri3iHAeri Tacianaepre, COHAAM-aK, MHHOBALMSIADIK,
KbI3MET wweHbepiHAe OEACEHAIAIKTIH OipkaTap TYPAEPIH eAlleyre Ha3ap ayAapAbl. MIHAMKATOPAApPAbIH
Heri3ri ToMnTapblHbIH apacblHAQ 3epTTey KbI3METIHIH OHIMAIAITI, 3epTTey canacbl, akaAeMMSAbIK,
HOTMXKEAEP >kaHe Tarbl 0ackarap aHbikTaAAbl. COHAQM-aK, aBTOPAAP MHHOBALMSIABIK KbI3METTI
GararayAblH 6aramMaAbl TOCIAAEPIHE, OAAPABIH, iLLITHAE GUOAMOMETPUSABIK, (CAEHTOMETPUSIABIK) TOCIATE
Ha3ap ayAapaAbl. ByA TOCIA COHFbI OHXKbIAABIKTA KAPKbIHABI AAMbIAbI K8HE YKOFapbl OKY OPbIHAAPbIHbIH,
OPTYPAI PENTUMHITEPIH KypacTbipyAa OEACEHAI KOAAQHBLIAAAbI. ABTOPAAPMEH OUOBAMOMETPUSIABIK,
TOCIAAIH Heri3ri apTbIKWbIAbIKTApbl, COHAQM-AK, OHbl >KEKe FAaAbIMHbIH, AQ, >KAATMbl YHUBEPCUTETTIH A€
FBIABIMU KbI3METIH GaraAay YLIiH NaiAaAaHy MyMKIHAIKTEpPi KOPCETIAreH.

Ty#iH ce3aep: YHUBEPCUTET, MHHOBALMSIABIK, KbI3MET, TMIMAIAIK, 6aFraray, 6BUBAMOMETPUSABIK, TOCIA.
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OueHka 3pheKTMBHOCTH MHHOBALLMOHHOW AEATEeAbHOCTH YHUBEepCUTETa:
CUCTeMbl NnokKasaTeAaei 1 OMOAMOMETPUUYECKUI MOAXOA,

Pa3BuTre B yHMBepcuTeTax HOBbIX (DOPM HAYUHOM M MHHOBALIMOHHOWM AESTEAbHOCTM, a Takxke
B3aVMIMOAEMCTBME BbICIUIMX Y4YeOHbIX 3aBEAEHUI C PErvoHAAbHbIMM YUYACTHUKAMM WMHHOBALMOHHOWM
CUCTEMbl CTaBsAT BoMpoc 06 oueHke 3PMEKTUBHOCTY MHHOBALMOHHOM  AEITEAbHOCTM  Kak
CaMOCTOSITEAbHOTO  siBA€HMS. [1paBUAbHASi OLEHKA MHHOBALMOHHOW AESTEAbHOCTM Croco6CTByeT
OMPEeAEAEHMIO BY30M CBOMX CTPATEMMUECKMX MPEUMYLLLECTB, YTO IBASETCS HEOOXOAUMbIM B COBPEMEHHbIX
YCAOBUSIX YKECTKOWM KOHKYPEHLMM, HEOTIPEAEAEHHOCTU BHELLHEro OKPY>XeHus, Aepmumta BCeX BUAOB
pecypcoB, rao6aAm3aumm o6pa3oBaHms. ABTOPAMM PAaCCMOTPEHbI PA3AMUMSl B TPAKTOBKAX MOHSTUIA
«aphekT 1 «3HEKTUBHOCTb» MPUMEHUTEABHO K WHHOBALMOHHOW AESTEABHOCTM YHMBEpCUTeTa.
ABTOpamMu NpoaHaAM3UPOBAHbI METOAOAOTMYECKME MOAXOABI K KOMIAEKCHOM OLIeHKe MHHOBALMOHHOM
AESITeAbHOCTU BY3a, MPEACTAaBAEHHble B COBPEMEHHbIX MCCAEAOBaHMSX MO AAHHOWM TeMaTHKe.
ABTOpaMU YAEAEHO BHMMAaHWe TMOAXOAAM Ha OCHOBE WMHTErpaAbHOro MHAEKCA WMHHOBALMOHHOM
AESITeAbHOCTM, a TakKXKe WM3MepeHWn PasAMYHbIX BMAOB aKTMBHOCTM B pamKax WMHHOBALMOHHOM
AesiTeAbHOCTU. CpeAr OCHOBHbIX Py MHAMKATOPOB BblAEAEHbI MPOAYKTUBHOCTb UCCAEAOBATEALCKOM
AESITeAbHOCTU, KauyeCTBO MCCAEAOBaHUM, akaAeMUYecKre pe3yAbTaTbl U AP. Tak>Ke aBTOPbl YAEASIOT
BHMMAHME aAbTEPHATUBHBIM MOAXOAAM OLIEHKM WMHHOBALMOHHOM AESITeAbHOCTM, CpPeAM KOTOpPbIX
OGUOAMOMETPUYECKMIA  (CABHTOMETPUYECKUIA) MOAXOA. AQHHBbIA MOAXOA TMOAYYUA CTPEMUTEABHOE
pasBUTUE B MOCAEAHME AECITUAETUSI M aKTMBHO MPUMEHSETCS B COCTAaBAEHUM PA3AMUHBIX PENTUHIOB
BY30B. ABTOpPaMM MOKa3aHbl OCHOBHble MpeumMylLecTBa GUOAMOMETPUYECKOrO MOAXOAQ, A TakXKe
BO3MOXXHOCTW €ro UCMOAb30BaHMs AASI OLLEHKM HAayUHOM AESTEAbHOCTM Kak OTAEAbHOIO YUYEHOro, Tak

M YHUBEPCUTETA B LIEAOM.
KAtoueBble CAOBa: yHMBEpPCUTET,
OGUOAMOMETPUYECKMIA MTOAXOA.

Introduction

The course on the development of an innova-
tive economy in the republic sets new challenges
for higher education institutions. Among them, the
most important are the development of research and
innovation activities, involvement in the economic
and social processes of the region, as well as the
commercialization and implementation of scientific
research (Turginbayeva, 2018).

The intensive development of science and tech-
nology in recent years has led to a tremendous in-
crease in the investment of material and non-ma-
terial resources for the development of innovative
structures in various sectors of the economy. The
universities that play a crucial role in the develop-
ment of national and regional innovation systems
and the creation of qualitatively new products and
technologies did not remain aloof from this trend.

Along with the development of innovation, at
present, universities have begun to pay significant
attention to issues such as the effectiveness of in-
novation processes, the quality of the results and
effects, as well as the problem of evaluating the ef-
fectiveness of any type of activity. The latter prob-
lem is of particular relevance at the present stage

MHHOBALMOHHAA AeATEeAbHOCTb, BCII)dI)EKTMBHOCTb, OLEeHKa,

of development of higher education in the face of
fierce competition, the uncertainty of the external
environment, the shortage of all types of resources,
and the globalization of business. Therefore, higher
education institutions are faced with the task of not
only activating, but also increasing the effectiveness
of research and innovation.

In this connection, the question of what is meant
by the notions of “effect” and “effectiveness” of sci-
entific innovation activity is a crucial one.

In the article, the object of the research is the
approaches to the evaluation of research and innova-
tion activities of the university. The aim of the study
is to identify the features of various assessment
approaches for their use in the practice of domes-
tic universities. We used such research methods as
analysis, synthesis, comparative approach, dialecti-
cal-logical approach, deduction, study and analysis
of domestic and international experience.

Methodology
The works of scientists and economists of CIS
and foreign countries on the issues of innovation

activity efficiency became the theoretical and meth-
odological basis of this article. As a methodological
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base of the research methods of systemic, functional
and statistical analysis were used. The information
base of the study was domestic and foreign methodi-
cal reference materials, official information of the
QS World University Rankings, Academic Ranking
of World Universities, data published in the materi-
als of the periodical press. To assess the effective-
ness of innovative activity of the university a sys-
tematic approach was used.

The article uses the theory of the “triple helix”,
created in England and Holland at the beginning of
the XXI century by the professor of the University
of Newcastle Henry Itzkowitz and the professor of
the University of Amsterdam Loiet Leydesdorf. The
triple helix symbolizes the union between govern-
ment, business and university, which are key ele-
ments of the innovation system of any country. The
“triple helix” model shows the inclusion of certain
institutions in the interaction at each stage of creat-
ing an innovative product.

A bibliometric approach is also used, which is
based on the application of mathematical and sta-
tistical methods to the study of books, periodicals
and other publications. Within the framework of the
approach, methods of quantitative analysis of bib-
liographic characteristics of documents that provide
the basis for their qualitative assessment are used.

The article provides a comparative analysis of
traditional systems of indicators and a bibliometric
approach for assessing scientific activity. Authors
used the methodological publications of the Organi-
zation for Economic Co-operation and Development
(OECD), the methodological notes for the Science
and Engineering Indicators yearbook published by
National Science Foundation (USA) as well as h-
index measurement methodology.

Literature review

In the process of research, scientific works of
foreign scientists on the problems of efficiency of
higher education innovation activity were consid-
ered: Hirsch J. E., Chu Ng Y., & Li S.K., Johnes G.
& Johnes J., Larionova F.F. et al, Kabakova Ye.A.
and others.

In his work Hirsch (2005) offered the h-index
for quantifying a scientist’s publication productivity
based of several scholar indices. Johnes G. & Johnes
J. (2009) examined the possibility of measuring ef-
ficiency in the context of higher education. Their
works explored the advantages and drawbacks of
the various methods for measuring efficiency in the
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higher education context including innovation and
research activity. On the example of English univer-
sities he showed opportunities of measuring tech-
nique known as data envelopment analysis (DEA).
In their turn, Chu Ng Y., & Li S.K. examined the ef-
ficiency in research of higher education institutions
in China using indicators of nonparametric estima-
tion technique.

Russian scientists Larionova F.F. et al (2011),
Kabakova Ye.A. (2014) tried to compose the com-
bination of quantitative indicators which can fully
characterize the research activity of the higher edu-
cational institution. In their research they compared
different sets of indicators which can characterize
both research inputs and outputs.

Various aspects of the problems of enhancing
the university innovation activity were considered
by Kazakh scientists: Sabden O.S., Dnishev F.M.,
Kenzheguzin M.B., Alzhanova F.G., etc. Sabden
(2007) reviewed the main directions for assessing
the country’s innovative development, including
evaluations of the science and innovation complex.
Dnishev (2001) substantiates the main strategies for
the development of the country’s scientific poten-
tial in the transition to an innovative economy. Ken-
zheguzin et al (2005) considered the peculiarities of
the development of higher educational institutions
of the Republic of Kazakhstan in a market economy,
their ability to integrate into the innovation process-
es of the economy. The role of higher educational
institutions in regional innovations processes on the
example of Kazakhstan universities is described in
work by Sitenko & Yessengldina (2018).

Issues of effect and effectiveness are discussed
in McMillan et al (2006); Gafforova et al (2014).
In their works, they substantiated the application of
the concept of effectiveness to the scientific work of
higher educational institutions.

However, this topic has not found complete cov-
erage in the context of modern realities and is at the
stage of searching for conceptual solutions. Analy-
sis of approaches to the assessment of university in-
novation is an important task for the development
of a knowledge-based economy in the republic. A
review of the literature revealed a lack of knowledge
about the application of various approaches to the
assessment of the innovation activity of universities,
as well as its components. In this regard, the purpose
of the article was to identify the features of various
methods for assessing the results of innovation ac-
tivity, including the relatively new bibliometric ap-
proach.
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Results and discussion

Assessment of efficiency of innovation activity
of the university is a necessary element of the whole
system of management of innovation activity of
the organization. Without a clear understanding
of the results of scientific and innovative work of
all departments of the university, it is impossible
to adopt managerial decisions and implement
the strategic and tactical planning. This issue is
important now especially because of developing
different types of universities like entrepreneurial
university, engaged university and others (Tayauova
& Bektas, 2018).

To assess the effectiveness of research and
innovation activities of the university it is necessary
to define what is meant by the terms “effect” and
“efficiency” in relation to the innovation activity of
the university.

According to scientists (McMillan et al,
2006; Gafforova et al, 2014) in the evaluation of
innovation activities of the university two aspects
can be distinguished:

— if we talk about the efficiency of management
of scientific and innovation activity, then it is
advisable to consider effectiveness as the degree of
achievement of the objectives.

— if we talk about the efficiency of the results
which, in particular, are products of innovation
activities, it is advisable to consider efficiency
from the standpoint of the relationship of the result
(effect) to the cost.

In the traditional point of view, the meaning of
“efficiency” is that the whole process of functioning
of any entity shall be conducted with the least cost
or greatest effectiveness (performance). Material,
labor, information and other resources must be
transformed into goods and services. The university,
organizing its innovation activity, provides this
transformation not only with benefit for the
consumer, but also for itself.

The economic effect refers to the difference
between the results of economic activity and their
costs. It is obvious that to change the value of effect
it is necessary to influence the factors determining
it. However, various results of activities do not
always provide the economic effect. Traditionally,
management practices distinguish between these
types of effect as economic, social and socio-
economic. In relation to research and innovation
activities in the modern research along with the
traditional, there are also additional types of the
effects. First and foremost, this is a commercial
effect obtained by the participants in the innovation

process when using the results of research and
innovation activities. Also of great importance
scientific and technical effect, which is expressed
in possibility of use of results of performed studies
in other research and development activities and
obtaining information needed to create new products.
Innovations may also have environmental effect —
the impact of the result (product of activities) on the
environment (noise, electromagnetic field, lighting
(visual comfort), vibration, etc.

Regarding innovation activity of the university,
it can be noted that its results are products that
are created during certain processes of university
activity and necessary for certain stakeholders (the
state, educational activity of the university, etc.).
During the use of innovative products stakeholders
receive different types of effects mentioned above.

In practice the university faces with the
challenge of improving the efficiency of research
and innovation activity. Thus, according to popular
belief, efficiency, in contrast to the effect, defined
as the relative value is equal to the ratio of the result,
purpose or result (effect) to inputs that lead to this
result (Glass et al, 1995). In turn, the effectiveness
of innovation activity of the university can be
considered within a single concept of “efficiency”,
implying a degree of achievement of objectives in
the field of science and innovation. This should
be taken into account as the obtained results
characterize the achievement of the goals and the
spent resources.

Based on this, efficiency of innovation activity
of the university can be considered as the ratio
between of the results of scientific innovation that
characterizes the degree of achievement of the goal
of creating of scientific and innovation products
to meet the requirements of stakeholders and
cumulative resources used for that (Gafforova et al,
2014).

Definition of the terms of effect and effectiveness
of IA is the basis for the analysis and choice of
methodology for assessing the effectiveness of TA
as a key component in the management of 1A of the
university.

Currently, the literature presents different
methods of complex estimation of innovation activity
of the university. So, researchers (Grebeniuk et al,
2012; Sychev, 2012) developed the methodology,
which includes 4 interrelated stages:

Stage I — definition, classification and grouping
of indicators to assess the innovation activity of the
university;

Stage Il — comparative analysis of innovation
activity of the university;
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Stage III — definition of tendencies of
development of innovation activity of the university;

Stage IV- a comprehensive assessment of the
innovation activity of the university.

The first stage of evaluation of the university
IA includes the grouping of evaluation indicators of
innovation activity in three areas: statistical study
of innovation activity, learning innovation and
educational activity, stimulating the development
of innovation. The second stage includes use of the
method of T. L. Saaty (Saaty, 2013) and scale of
desirability by E. Harrington (Harrington, 1965) for
the comparative analysis of indicators of innovation
activity of universities. The analytic hierarchy
process by T. L. Saaty allows to make the ranking of
indicators of innovation activity of universities, and
along with the Harrington’s scales of desirability
establishes the correspondence between the physical
and the psychological parameters of innovation
activity of the university. For ranking indicators in
selected areas of research a pass grade is provided (in
the range from O to 1) on the rating scales presented
for each indicator of innovation activity (table 1).

Table 1 — The standard mark on the scale of desirability by E.
Harrington

Desirability Maﬂ;g;ri’];ﬁ‘;‘le of
Very good 1.00-0.80
Good 0.80-0.63
Satisfactory 0.63-0.37
Poor 0.37-0.20
Very poor 0.20-0.00
The indicators of innovation activity are

evaluated in the third stage according to the formula:
K=a * 4, (1)

where

K, —evaluation of the i-th measure of innovation
activities of the university;

a,— the priority of the i-th index by T. L. Saaty;

A, — scoring of the i-th indicator on the scale of
desirability by E. Harrington.

The developed method simplifies the process of
evaluation of innovation activities of the university
and provides an objective view of the situation,
as this assessment provides for the identification
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of a sufficiently large number of quantitative and
qualitative indicators.

Then, the integral index of innovation activity
of the university is calculated, taking into account
the importance of each direction according to the
formula:

2
where
I — integral index of innovation activity of the
University;

K, — evaluation of the i-th measure of innovation
activity of the university in the framework of the
innovation project;

a- the priority of the j-th directions of innovation
activity of the university.

The resulting value of the integrated assessment
allows you to judge the condition of innovation
activities of the university. For the criteria of integral
evaluation a scale of table 9 can be used. State of
innovation is determined absolutely from very poor
to very good.

The poor state of innovation activity of the
university (0-0,37) is characterized by the following
indicators: low performance in the creation of
innovations determine the inability of the university
to participate in the innovation cycle; training for
innovation activities is at a low level, educational
activity does not promote innovation. Strategy of
development of innovation of that university should
pay attention to the educational component of its
work, which includes: training, retraining and skills
upgrading of scientific-pedagogical staff; creation
of centres for postgraduate education, research labs,
sessions on innovation activities of the science sector
on the basis of innovative enterprises; increasing
qualification of the university teaching staff.

To improve the performance of innovation, it
is necessary to plan a new cycle of improving in
other indicators. It is necessary to consider that the
university must set goals that can be realistically
achieved, i.e. in the beginning it is better to focus
not on the best indicators of innovation activities of
the university but on its average level.

Satisfactory state of innovation activity (0,37 —
0,63) is characterized as follows: working towards
the creation of innovations is conducted at the
secondary level; training for innovation activities
carried out in the statistical average indicators;
educational activity, stimulating the development
of innovations, is carried out at a very high level
as it has not a significant impact on the level of
assessment. Planning the innovation activity of such
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university, it is reasonable to redistribute efforts to
the process of creating innovations, as it will most
effectively strengthen the innovative component of
the university’s activity.

Good and very good states of innovation activity
(0,63 —1,0) are characterized as follows: high level of
activity in creation of innovations, respectively, and
there are intense processes of learning of innovation
activities and as a consequence consistently high
level of educational activity, which stimulates the
development of innovation.

The strategic task of such universities is to hold
leading positions in the industry of the country and

perhaps in the world. Perhaps these universities
should be attributed to the leading ones with the
opportunities of creation on the base of them the
centres of development of innovation branches of
the national economy.

Another approach for measurement of
innovation activity of university was made by
Larionova (2011). The researcher, based on a
comparative analysis of methodological approaches
to assessing the results of innovation and research
activities of universities from different countries,
proposed the following system of indicators
(table 2).

Table 2 — Indicators of basic measurements of innovation activity of universities

Indicator

Description

1

2

Productivity (effectiveness) of research activity

Publications and other results Number

Number of publications (and other results)
per researcher

Equivalent of a full-time researcher («academic researcher»)

Quality and academic result

Number and percentage of publications in
highly-cited journals

Number of publications, impact factor

Citation

Citation indexes (Web of Science, Scopus, Google Scholar)

Reports at national and international
conferences

Number of reports

Number of prestigious awards

Number of prestigious national and international awards in total or per researcher

Temporary international «appointments»

The number of positions held temporarily in other academic (non-academic)
institutions (organizations)

Participation in editorial and expert councils
of national and international journals

Number of positions held temporarily in the editorial councils and expert councils
of national and international journals

Innovative and social achievements

Income from research

External attracted funding

Percentage of grants received

Indicator of income from research

Employment of defended graduate and
doctoral students

Indicator of contribution to the formation of labor market quality

Recognition of the user

Orders, contracts for various activity

Level of income per equivalent of one full-
time researcher

The indicator provides an opportunity for interuniversity comparison

Commercialization of Intellectual Property

Indicator of income from patents, licenses and new businesses

Percentage of financing from contracts

Measure of profitability of recognition

Stability and scale

The number of graduate and doctoral
students

The ratio of the number of graduate and doctoral students to the equivalent of a
full-time researcher

Inclusion of young researchers in teams

Number or percentage of young researchers included in projects and teams

Number of partnerships

Number of partnerships with national and international universities (from abroad)
and organizations
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Continuation of table 2

Indicator

Description

1

2

Number of dissertations

Number of defended works

Research Infrastructure

Research activity of academic staff

The number of active researchers in the total number of academic workers.
It is determined through the establishment of a number of performance indicators

Percentage of academic staff involved in
research activity to the total number of
academic staff

Ratio of academic staff involved in research activity and total number of academic
staff

Total investment in research and
development

The volume of total investment in research and development, from all sources,
including salaries and additions

Research infrastructure

Number of laboratories, books and electronic resources, their level of accessibility

Research Ethics

Processes providing promotion and use of ethical principles in research practice

Note — adapted from (Larionova, 2011)

Today bibliometric (scientometric) approach to
the study of efficiency of scientific activity becomes
more and more popular among the scientific
community. It appeared in the 60-70 years of XX
century, however, began to be actively used only
in the 90s of the last century. The popularity of
this method began to grow due to the creation of
a database of citations of scientific papers — the
Science Citation Index (SCI) in the 1970s. (Okubo,
1997). The development of the global information
and communication technologies also gave the
impetus for the development of this method of
assessment of scientific activity. National Science
Foundation (the United States) included bibliometric
indices for measuring the growth of science into
its first Science & Engineering Indicators issue in
1972. OECD in 1989 added a chapter of the Frascati
Manual supplement to the higher education sector
with bibliometrics, confirming its status in science
analysis. However, it took several more years for
bibliometric indices to be accepted by the scientific
community around the world. Countries such as
Australia (1990), Canada (1991), Japan (1991),
following the example of the United States, began to
include bibliometric indices in Statistical yearbooks
on Science and Technology. Also, a number of
journals (Research Policy, Scientometrics, Research
Evaluation and etc.) began to include articles using
the bibliometric methods.

The term «bibliometrics» is more general
and means a method for quantitative studies
of documentary flows. As for the term
«scientometricsy, it is used to denote the applied
research stream of scientific information taking
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into account its specificity. Despite the different
definitions in literature, the researchers (Van Raan,
2005; Marshakova-Shaikevich, 2013; Gordukalova,
2014) agree that the terms «bibliometrics» and
«scientometrics» largely mean the same. Thus, later
in the article named concepts are treated as identical.

Scientometrics annually develops and tests in
practice a large number of indicators that can be
used to assess scientific performance. The results of
the evaluation depend on how indicators are used
and for what purpose.

Indicators conventionally are divided into three
main groups:

—indicators based on the number of publications;

— indicators based on the number of citations;

— indicators based on the number of citations
and number of publications.

The most generalized indices are based on
the number of publications is the total number of
publications of a researcher or organization that
can be extracted from bibliographic databases and
shows the number of works that went into a database
of appropriate information retrieval system. Often
they take into account the number of publications
in international databases Scopus and Thomson
Reuter.

Currently the leading scientometric indicator
based on the number of citations is citation index.
It is a total number of references to the number
of works of the author in scientific publications.
Citation index shows:

— the degree of the relevance and importance
of the studies for those areas of knowledge in which
specific scientists or research teams work;
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— high citation index to a certain extent serves
as the official recognition of a particular academic
research community and confirmation of its priority;

— availability of scientists in scientific and
educational organizations with a high index
indicates a high efficiency and effectiveness of the
organization as a whole (Kabakova, 2014).

The citation index is calculated within the
specific database, which may be national or
international one.

The indicators based on the number of citations
and number of publications include the h-index and
its modifications. However, the key indicator is the
classical h-index, developed by J. Hirsch in 2005.
The index is denoted by h and is calculated by the
most databases. According to J. Hirsch, the index is
more preferable than such criteria as the number of
works divided by the total number of citations or the
number of citations per one paper. According to the
definition of h-index, a scholar with an index of h
has published h papers each of which has been cited
in other papers at least h times (Hirsch, 2005).

The h-index allows to take into account not only
the number of publications of a particular author,
but it also shows the demand for them from the
scientific community. Thus, the index indicates the
balance between the number of publications and
number of citations received by each publication
(Kabakova, 2014).

The citation indexes as main indicators of
efficiency of innovation activity of universities are
included in the criteria for the various international
University rankings.

Thus, the methodology of the ranking of the
best universities in the world QS World University
Rankings includes the assessment by six criteria,
one of which is the citation index, which is used to
assess the research and innovation activity of the
university. Its weight in the overall assessment of
the institution is 20%.

This criterion includes the number of citations
of published research on the number of teachers
and researchers working at academia as the primary
place of work for at least one semester. From 2004
to 2007 the citation was calculated based on the
database of Thomson, since 2007 — based on the
bibliometric database Scopus by Elsevier. Index
takes into the account published in the last five years
the materials, excluding self-citation.

In 2015 citation index was optimized. This
was due to the introduction of system that balances
the performance of different scientific disciplines.

The citation index has been considered in the
framework of the specific groups of scientific fields:
Arts and Humanities; social Sciences, including
management; Natural Sciences; Technical Sciences
and Engineering; Life Sciences. This adjustment
made it possible to more accurately correlate the
indicators of various fields of knowledge.

Citation indexes are also used in the ranking
ARWU — Academic Ranking of World Universities,
known as «Shanghai». This rating takes citation
into account not only in the rating methodology,
but also in the selection of universities. The certain
university has the right to take part in the ranking if
it has among the staff of the university the scientists
with high citation index according to Thomson
Reuters database.

20% of the methodology of a rating is an
indicator of the number of highly cited scientists,
which is determined in accordance with the Essential
Science Indicators (ESI) database from Thomson
Reuters. Such indicators are separately considered:

— PUB - the total number of citations of the
organization within Web of Science Core Collection
(only «Science Citation Index-Expanded» and
«Social Sciences Citation Index» databases(20%);

— N&S — the number of articles published in
the journals «Nature» and «Science» by the authors
from the university staff (20%).

Unlike the indicators of the QS, the ARWU
measures absolute citation indexes and the
publication activity of universities. The large and
old universities have advantage in this ranking,
because they have a large number of publications
and citations.

In general, systems of indicators and bibliometric
indices have many common features. First ofall, both
of them are quantitative indicators based on primary
data of scientific activity (for example, number of
publications, patents or citations). Secondly, they
estimate the results of scientific activity and measure
the productivity of research.

They can be used both separately and together.
This is confirmed by the experience of the
OECD, which publishes the Frascati manual, a
document devoted to the methodology of science
and innovation statistics. Also, a comprehensive
methodology combining traditional indicators and
bibliometric indices is used in the yearbook Science
and Engineering Indicators published by National
Science Foundation, USA.

The distinguishing features ofthe two approaches
are presented in the table below.
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Table 3 — Comparative analysis of approaches to the assessment of scientific activity

System of indicators

Bibliometric approach

Includes various indicators based different calculation methods

Includes standardized indicators based a single calculation
method

The value of the indicator depends on the primary data

The value of the indicator depends on the database used

It is used more often for an estimation of scientific activity of
the organizations / institutes

It is used more often for an estimation of scientific activity of
individual researchers

The indicators are calculated for a certain period / for a certain
date.

The indicator can be calculated at any time

Access to data is not always possible (difficult)

Access to data is possible at anytime and anywhere in the world
through the access to a database

Note — composed by authors

A limitation of wusing the bibliometric
approach is that the indices take into account
only publications placed in databases and,
most often, published in English. However,
traditional indicators may cover a wider range of
publications. However, it can be assumed that the
development of information and communication
technologies will further contribute to the wider
use of bibliometric methods, which, in turn, are
constantly being developed and improved.

Conclusion

Summarizing the above, we can conclude
that today traditional systems of indicators and a
bibliometric method are equally used to evaluate the
scientific activity of individual scientists, scientific
organizations and universities. Meanwhile, in
recent times there is increasing trend of the use
of scientometric indicators for evaluating the

effectiveness of research activity on different levels.
Due to the access to digital sources (databases), the
indices are easy available for scientists, investors
and other stakeholders that makes them very
convenient tool for quick and accurate assessment
of any scientific output.

Scientometric indicators allow not only to
assess the SIA of the individual university, but
also to compare the results with the results of other
scientific organizations. Despite the fact that some
scientometric indicators were not known 10 years
ago, they are already firmly entrenched in various
methods of evaluation of innovation activity,
including the recognized international ratings
of higher educational institutions. The inclusion
of bibliometric indicators in the world’s leading
statistical yearbooks, as well as the publication of
studies based on the bibliometric method in referred
journals, indicates the reliability of the use of this
method in scientific research.
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