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Abstract

The development of science largely depends on the efficiency of management
of science and scientific activities. In terms of making the right decisions in science
management, scientometrics is important. This article addresses questions about the
functions of scientometrics in science management.

The purpose of the research is to justify the role of scientometrics in the management
of science and scientific activities at different levels of the social hierarchy. The most
important task of the research is to identify the functions of scientometrics as a symbiosis
of sociology of science and infometrics. The relevance of this article is determined by the
need to reveal the potential of scientometrics in science management, especially at the level
of scientific organizations and research (and other) universities. The article highlights the
functions of scientometrics, presents the possible directions of scientometrics application.
It also addresses the relationship between measurements in social systems and measures
to increase the effectiveness of scientific activities. It is justified that the expansion of
the functions of scientometrics is primarily associated with the expansion of the range of
measured indicators.

The article also discusses modern methods of science management. It is shown that
they can be divided into two main groups: administrative and economic. These methods need
to be used differently in the management of fundamental and applied sciences / research. For
the selection of those forms, again, one should turn to scientometrics, modern methods of
gathering information about scientific activity. It is also presented the «network model» of
science management, which is modern and effective and can be applied in Armenia.

Research methods. analysis of scientific literature, best practices in the management
of scientific activities at research universities and scientific organizations (benchmarking),
set theory methods, quality measurement and expert assessment methods, mathematical
statistics methods. Methodological foundations of the research are systemic, sociological,
informational-cognitive, qualitative and statistical approaches.

Key words and phrases: scientometrics, functions, science management, technology,
science efficiency, monitoring, scientific activity, management models.
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AHHOTANUA

Pa3BuTre Haykd BO MHOTOM 3aBHUCHUT OT 3(PQEKTHBHOCTH YIpPaBICHHUS HAYKOW W
HAy4YHOH JAeqaTeIbHOCTHI0. C TOUKU 3PEHUS IPUHSTHS MPABUIILHBIX PEIICHUH B YIIPABICHUN
HayKoW HayKOMETpHs MMEET Ba)KHOE 3HaueHHe. B craThbe paccMaTpuBaroTCs BOMPOCH O
(YHKIHSAX HAYKOMETPUH B YIIPABICHUH HayKOM.

Lemp wccnemoBanust SBISETCS OOOCHOBAaHWE PONM HAayKOMETPUH B YIPaBICHHU
HayKOl M Hay4yHOH JesATEeNbHOCTBIO Ha pa3HbIX YPOBHAX COLMAJIBHON HepapXuu.
Baxneifmeil 3amaueil ucciienoBaHus sBJsieTCS BbIABIEHHE (YHKUMNA HAyKOMETPHUU Kak
cuMOr03a COLMOJIOT MM HayKU U UH(DOMETpHUU. AKTYaJIbHOCTh JAHHOM CTaTbH OMPEIEIAeTCs
HEOOXOAMMOCTBIO PACKPBITHSI MOTEHIIMAIa HAYKOMETPUH B YIIPABJICHUN HAyKOH, 0COOEHHO
Ha YPOBHE HAy4YHBIX OpraHM3allMid M HCCIEeOBATENILCKUX (M APYTMX) YHHBEPCHUTETOB. B
CTaThe BBIJCJIICHBI (DYHKIIMA HAYKOMETPHUH, MPEICTABICHBI BO3MOXKHBIC HATPABICHUS €€
npuMeHeHus. Takxke paccMaTpuBaeTcsl B3aUMOCBA3b MEKIY U3MEPEHUAMHU B COLMAIIBHBIX
CHCTEMaX M MEPaMH I10 TIOBBIIICHHIO P (PEKTUBHOCTH HAYIHOH AesTenbHOCTH. OO0CHOBAHO,
9TO0 pacumpeHne (QYHKIMA HAyKOMETPUH CBS3aHO, IPEXKIE BCETO, C PACIIMPCHHEM
JMarasoHa U3MepsieMbIX MToKa3aTesen.

B cratbe paccMaTpuBalOTCs TAaK)K€ COBPEMEHHBIE METOMAbI YIPaBICHUS HayKOMH.
[TokazaHo, YTO MX MOXXHO Pa3JelUTh HA JIBE OCHOBHBIE I'PYMIIbI: aAMUHUCTPATUBHbBIE U
9KOHOMHUYECKHE. DTH METOJbl HEOOXOAMMO TMO-Pa3HOMY HCIOJIb30BaTh B YIPABICHUU
(yHIaMEHTaJIbHBIME ¥ TIPUKJIAIHBIMHA HayKamMu/wccieqoBaHusMu. Jlasi BeIOOpa 3THX
(hopM OIATE-TaKK clelyeT OOpaTUThCcS K HAYKOMETPHH, COBPEMEHHBIM MeToiaM cOopa
HHPOpPMAIIMM O HAyYHOW [ESATENBHOCTH. TakKe WpEeCTaBlICHA «CETEBasl MOICTHY
VIpaBICHHUsT HAYKOH, KOTOpas SIBISICTCS COBPeMEHHOH U d(P(EeKTHBHON M MOXKET OBITh
MpUMeHeHa B APMEHUH.

MeTobl HCCIIeIOBaHUS: aHATTU3 HAYYHOM TUTEPaTyphl, IEpe10BON OMBIT YIIPABICHUS
HAy4HOH JIeTeIbHOCTBIO B UCCIIE0BATEILCKUX YHUBEPCUTETAX U HAyUHBIX OpraHU3aIHsIX
(OeHUMApKUHT), METOABI TEOPHH MHOXKECTB, METOJBI M3MEPEHUSI KaueCTBA U HKCIICPTHOI
OIICHKH, METO/Ibl MATEMATHYECKOM CTATUCTHKH. METOI0IOTMYECKON OCHOBOM HCCIICI0BAHUS
SIBIISTFOTCSI CUCTEMHBIN, COIIMOJIOTUIECKHH, HH()OPMAITMOHHO-KOTHUTHUBHBIN, Ka9eCTBEHHBIN
U CTAaTUCTUYECKUH MOIXO/BI.

KioueBbie c10Ba u ppa3pl: HayKoMeTpusl, QYHKIIUH, YIIPpaBICHIE HAYKOH,
TEXHOJIOTUH, 3P (HEKTHBHOCTh HAYKH, MOHUTOPUHT, HAayYHAsl IESITEIEHOCTD, MOJICIN
YIpaBJICHUS.

Introduction

Science management is a necessary but not always sufficient condition for its
development and successful research activities. Science management can do nothing
without scientometrics: any social management is unthinkable without obtaining reliable
information [1].

It is known that scientometrics, as a symbiosis of infometrics and sociology of
science, has long and firmly gained positions throughout the world [2, 3]. Currently, most
scientometric indicators are based on citations. According to generally accepted views,
scientometrics studies the development of science in general, and scientific activity in
particular, as an information process, which is fully consistent with the information-cognitive
approach [4]. It is obvious that the criterion-diagnostic apparatus of scientometrics cannot
include indicators based on citations alone, although they certainly play a leading role. For
example, if a university holds a conference, then to assess the effectiveness of a scientific
event it is not necessary to use indicators based on citations; especially since conference
proceedings are less likely to be cited than monographs and articles in journals. This could

12 1



Lusun 9hSu4UL MUNPPENUYUL | KAYAP HAYYHOE NEPUOONYECKOE U3 JAHUE | KATCHAR SCIENTIFIC PERIODICAL | 2024 (1)

be, for example, indicators such as the total number of presentations, the total number of
participants from outside (i.e., those who not working at the organizing university), the
number of scientific organizations whose employees took part in the conference, etc. These
indicators reflect how popular the conference is in the scientific community. Let us empasize
that a publication is a materialized “unit” of research results, and a citation is a “unit” of
communication within the scientific community.

An analysis of scientific literature and the practice of managing scientific activities at
universities has shown that the use of scientometrics most often comes down to assessing a
limited number of indicators on the basis of which the activities of scientific and pedagogical
teams and workers are assessed. In the context of the implementation of the so-called
“effective” contract (it is used in the vast majority of universities), scientometrics mainly
performs a target - motivational function, i.e. directs employees to achieve “premium”
indicators. Similarly, when one investigates the activities of chairs or department heads,
they also evaluate certain approved targets that the managed team should “strive for” (for
example, the average number of articles per scientific and pedagogical worker over five
years). There is managerial primitivism: they use a limited set of indicators and implement
practically the only function of scientometrics. Within the framework of a scientific and
applied problem, one cannot fail to mention such a social disaster as the desire to artificially
“improve” the Hirsch index (h-index) in order to “gain positions” (bonus payments, election
to a vacant position at the university or research institute, etc.).

The paradoxical nature of the situation increases for two reasons. Firstly, modern
information technologies make it possible to carry out comprehensive collection and complex
processing of information about subjects of scientific activity and its results. It should be
noted that it is possible to implement monitoring management technologies, especially in a
digital scientific and educational environment. Let us mention that monitoring in any area is
an information management mechanism that integrates the necessary information processes
(obtaining both actual and model information). Secondly, scientometrics, as a symbiosis
of the sociology of science and infometrics, has “stepped far forward” even compared
to the beginning of this century (especially compared to the founding period); the set of
scientometric parameters is constantly expanding. Thus, the capabilities of scientometrics
are not fully used in science management.

The objectives of scientific activities, the research problem and the methodology

Naturally, most scientific research is concentrated in specialized scientific
organizations. In particular, in Armenia the main share of fundamental research falls on
the institutes of the National Academy of Sciences. Industry science is partly developed in
research institutes belonging to ministries, partly in some specialized purely commercial
organizations. Universities play an important role in scientific research. In many western
countries they are the main generators of scientific production. In addition, part of applied
science is developed in companies engaged in the creation of innovative products, in which
the scientific part is an important, and often the main component.

In general, it was established the division of scientific research into two streams—
fundamental and applied. Without speaking about the conventionality of such a division, we
note that here lies one of the main internal contradictions in the science management. On
the one hand, the big number of organizations that finance scientific research are interested
in work aimed at solving the necessary (whatever that means) problems. On the other
hand, science develops according to its own laws. This is a fact, ignoring which more or
less quickly leads to the degradation of entire areas of science, often potentially important
precisely in its applied aspect. No funding organization, as a bureaucratic body, is capable
of setting scientific goals. They usually rely on the opinion of a certain group of scientific
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experts [13]. This is an important factor that can be taken into account when we speak about
the science management. As a principle of democracy, scientists determine the goals of
scientific research, but the financing and evaluation of the results are done by the authorities
— political power. The priority purpose of fundamental science in the development of
innovative processes is determined by the fact that it acts as a generator of ideas and opens
paths to new areas. But the probability of a positive outcome of fundamental research in
world science is only 5%. Fundamental research, as a rule, is financed from the state budget
on a competitive basis and, much less often, can partially use extra-budgetary funds.

The research problem and the task of the study is to highlight the main functions of
scientometrics and expand its role in the management of science. The purpose of the study is
to substantiate the role of scientometrics in the science management at various levels of the
social hierarchy. The object of the study is the science management in universities / research
institutes, and the subject of the study is the role of scientometrics in the management of
science.

Research methods used: analysis of scientific literature and best practices in managing
scientific activities in universities - benchmarking, methods of mathematical statistics
and expert assessments. Methodological foundations of the study: a systematic approach
(considers scientometrics in its close connection with the monitoring of research activities,
and monitoring as an information management mechanism), sociological approach
(considers the scientific community in general, and scientific teams in particular, as social
systems, information- cognitive approach (considers the development of science in general,
and research activities, in particular, as information processes) [5, 6].

The results: functions of scientometrics

We have identified the functions of scientometrics, the full implementation of which

will enhance its role in science management, and due to this, increase the efficiency of science
management in both universities and scientific organizations. Let’s look at those functions
below.
a) The motivational function stimulates the leadership of the scientific and educational
environment to effectively organize scientific activities taking into account its interrelations
with other types of activities, including educational and methodological. It is most evident when
assessing the performance of the scientists, when calculating incentive payments (bonuses) to
researchers and when electing them to a vacant position. Such an incentive system is in place
at the ISEC [7].

b) The economic function of scientometrics allows us to assess the personnel
security of scientific organisations (for example, what will be the consequences when the
university or scientific organisation losses the best scientists), the quality of human capital (i.e.
scientists, researchers), the intensity and quality of work of scientists - their adequate wages,
competitiveness of the scientific and educational environment, etc. One should not think
that the economic function is related to the assessment of the economic effect of scientific
research (scientometrics just arose as an alternative to the direct assessment of the economic
effect). But there are a great many economic aspects of universities themselves, as scientific
and educational environments, and the process of their functioning, and it is at least strange
to ignore the possibilities of scientometrics. Why not focus scientometrics on diagnosing
economic aspects? It is especially important to note the competitiveness of universities and
research organisations. For example, doesn’t a university’s H-index reflect its competitiveness
on a national or international scale? There are a many universities in the world, in our region,
and even in Armenia, therefore, it is very important to determine which is the leader in the
given field. For example, it is defined the role of ISEC in management of doctoral studies at
the National Academy of Sciences for the sphere of research and development in Armenia [8].
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c) The control function is to obtain primary information about the subjects and results of
research activities. Note that the assessed scientometric indicators, including the Hirsch index,
most often are not primary information. Primary information is most often a database, the
processing of which will make it possible to evaluate scientometric indicators. For example, to
calculate the H-index of a researcher, you need to have an array of citations of her/his scientific
publications; in order to have the specified collection, you need to have a database about the
worker’s publications and citations to them; accordingly, identifying citations and/or links
from publications is also a very complex process of information processing.

d) Diagnostic function — assessment or measurement of scientometric parameters on
a linear scale, as well as the state of the research activity of an employee or community.
Diagnostics always algorithmic, especially if it is implemented via digital systems.
Diagnosis can be multi-stage. For example, to estimate the i-index of a scientific team or
institution, you must first evaluate individual Hirsch indices of all workers. If diagnostics
are made using nonlinear scales, then we are not talking about assessment or measurement,
but about state identification. For example, for scientific team are assessed by linear scales
a number of indicators that transformed into values using nonlinear scales (for example,
“unsatisfactory”, “satisfactory”, “good”). It is also possible to assess the general condition
research activities of the team (for example, five possible states - crisis, pre-crisis, normal,

positive, prosperous).

e) Causal function — identifying significant factors in the effectiveness of research
activities, as well as increasing social and professional competence of scientists. For
example, what factors affect the effectiveness of research activities at the university (or at
the research institute)? But in order to identify causal relationships, it is necessary to clearly
know what parameters we are talking about. In the above example, it is necessary to mean
that it should be considered a criterion (or criteria) of the success of the university’s research
activity. European specialists give a clear answer to this question. Criterion of successful
research activity of the European University - number of articles in top-25 journals [1]. Do
not forget also that it is about social systems (the science is a social institute!). For example,
it is strange to expect from a scientific team that has very low scientometric indicators
(for example, two articles within a year) that after a short period of time it will become
“advanced.” This also refers to the currently actively discussed unification of universities
and transfer to the “academic city”, which, in fact, will not solve any problem [9].

f) The planning and forecasting function consists of forecasting research activities,
planning results, as well as selecting methods and means for achieving target parameter
values. Of course, both planning and forecasting are types of modelling, designed to answer
the questions “How should it be?” and “How will it be?”, and not “How is it?”. Without
criteria, it is impossible to carry out either planning or forecasting (there is nothing to plan
and/or forecast). For example, if a university’s H-index is 9, then what is the probability that
inayear it will be at least 10? Planning research work for five years and for a year has become
a standard activity in universities, and planned indicators are most often scientometric.

g) Organizing function — organization of research activities of scientific and educational
environments, scientific workers and teams. This is, first of all, setting targets for research
activities, creating conditions for achieving them, and creating an organizational culture.

h) Regulatory - ethical function - comparison of actual and expected results of
research activities, decision-making, timely correction of activities, prevention of negative
trends in the functioning of the subject of research activities. In addition, it orients subjects
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of research activities towards corporate responsibility, as well as compliance with ethical
standards of research activities. For example, a researcher must realize that by publishing
research results in the Web of Science or Scopus, he/she strengthens the authority of the
university. Let’s give an example: if a researcher’s H-index is 12, and the organization’s
i-index is 10, then it plays a role in increasing the university’s ranking. Another example: a
university employee must ensure that his publications are not retracted, because this reduces
not only his reputation, but also the reputation of the university.

1) The information - analytical function provides a variable interpretation of
research activity (in a broader sense - the functioning of its subjects, i.e. workers, teams,
organizations), its connection with other types of activities (especially educational and
methodological, if we are talking about a university). In addition, this function is aimed at
identifying trends in the functioning of the researcher. For example, it is possible to identify
the researcher’s regular co-authors, i.e. scientists with whom he/she collaborates.

) The reflexive function allows the researcher, team or organization to perform self-
analysis of research activities, but this also requires scientometric parameters. This function
is also aimed at improving research activities, increasing its quality and intensity.

k) The integrating function allows you to combine monitoring information.
These are pieces of information reflecting the research activity. This function ensures the
technological unity of all types of monitoring as a mechanism for managing scientific and
educational environments. For example, by assessing the effectiveness of the research and
methodological activities of the scientific and educational environment, one can diagnose its
scientific potential, competitiveness, the influence of research activities on methodological
ones (for example, how research results are reflected in the content of training), etc.

1) The consolidating function is the unification of the efforts of society and the
subject of science management to solve problems related to this management. It is a highly
developed society that provides opportunities for building a system for monitoring research
activities. Scientometrics stimulates the development of modern technologies and scientific
knowledge, and society is responsible for this.

m) The assimilation function supports the desire of the subject of research activity
(employee, team, organization) to accept the values, goals and norms of the scientific
community as their own, the desire to be an integral part of the scientific community.
For example, an indicator such as the Hirsch index orients an employee or team towards
integration into the elite scientific community. Let’s give another example: the number of
scientific publications cited by a subject can also be considered a scientometric indicator. If
the bibliography does not contain sources in foreign languages, most likely, the authors of
the publication do not understand that science is an international phenomenon.

n) The comparative function allows to compare (based on the same indicators) the
effectiveness of research activities of different scientists and teams, as well as assess the
dynamics of research activities for the same subject (employee or team). But, firstly, it is
possible to compare only subjects of the same level of social hierarchy. For example, it is
absurd to compare the scientific and educational microenvironment of the department with
the scientific and educational macroenvironment of the university. Second, it is much more
appropriate to compare (for the same subject) its current and previous states, i.e. evaluate
the dynamics (“compare yourself with yourself yesterday’). For example, the H-index of the
scientific team was equal to 2, but became equal to 5, and this clearly reflects the progress of
research activities.
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We also consider it important to emphasize the following indications for the use of
scientometrics for the effective management of science:

-analysis of the publication activity of research subjects (researcher, scientific team,
department, university, etc.);

- assessment of the subject’s recognition by the scientific community (many indicators
based on citations, including the Hirsch index);

-analysis of the internationalization of scientific activities (organization and
participation in international conferences, articles in foreign journals and journals of
international importance, use of sources in a foreign language in bibliographic lists, etc.);

-diagnostics of the synergy of the scientific team;

- the process of training scientific personnel (PhD students) and their scientific -
publishing activity [10];

-diagnostics of competencies and professional qualities of scientific workers;

-diagnostics of the competitiveness of the research team, its effectiveness, etc.

Science management methods

Obviously, management methods can be divided into administrative and economic
[11]. Administrative ones are applicable where there is direct subordination of the scientific
team to a higher governing body. Economic - involve some procedure for direct payment
for the work performed. In fact, such a division only superficially reflects real management
processes. Let’s start with one of the main issues - choosing a research topic. In most scientific
organizations, a team of scientists works on a chosen topic, reflected in the approved plans.
The role of management is limited to evaluating the results obtained. Almost the same
situation arises in various kinds of academic programs. At the same time, cases of negative
assessment of work performed are rare [12]. Therefore, the actual control levers when
performing a specific job are very weak. The only real management is to simply “break up” a
team that has not produced significant results for a long time. Applied research work carried
out within the framework of the creation of specific products has a completely different
nature. If the work is carried out by teams directly within the organization, then management
has a normal administrative nature. The third type of management refers to work performed
on orders from various foundations on a competitive basis. Although the management here
is purely monetary, the main lever of management is the choice of topic and performer, since
it is almost impossible to evaluate intermediate results in money, and the assessment of the
final result. Thus, the main mechanisms for the science management are the choice of topic
and implementing organization. This certainly applies to basic research. Scientific research
carried out as part of R&D may have a more flexible management system.

Until now, we have considered the work of one scientific team on one scientific
problem. However, in reality the situation is more complicated. Most scientists are involved
in several grants, programs, and often commercial projects. In addition, teams often try to
obtain several sources of funding for the same work. So, a whole “sales industry” is arising,
including monitoring and writing applications, justifications, proposals, etc. In some teams,
special divisions are forming that track information on new competitions, grants and prepare
“related” scientific proposals. In others, the researchers themselves spend most of the time
on this. Thus, scientific teams are faced with the task of optimizing their own resources
and correctly presenting their capabilities and results. On the other hand, management
structures must take into account the presence of different organizations engaged in similar
topics. The possibilities of their competition, even confrontation, as well as the possibility
of cooperation, constitute an important factor in management. In addition, scientists and
entire scientific teams can migrate, which also requires controlling actions. Therefore, some
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countries maintain centralized databases of all scientists receiving government funding
for a more objective assessment of their achievements and proposals (Network method of
management). Thus, a model of science management must provide for the interaction of a
number of factors that do not fit into a linear chain.

Conclusion

Scientometrics, as a symbiosis of infometrics and sociology of science, can and
should be a scientific and technological platform for science management. At present, it
is not necessary to “refuse” scientometrics, but, the opposite, to expand its functions and
range of areas. Scientometrics must be brought to a fundamentally new level required
by life. For scientometrics to be a full-fledged tool for monitoring research activities and
therefore — for the science management, it is necessary to expand its functionality. But for
this we need to understand: traditional indicators based on citations alone, especially the
Hirsch index, are clearly not enough. In the digital economy, it is necessary to fully use the
capabilities of modern information technologies. What are we actually seeing? A narrow
range of digital tools and methods of information processing used. Thus, scientometrics,
which should be a full-fledged monitoring and management mechanism, is discredited by
managerial primitivism, the narrowness of the indicators actually used, and the limited range
of functions and technological capabilities. Currently, in science management, mainly the
diagnostic and stimulating functions of scientometrics are implemented, and this is clearly
not enough for effective management. It is also obvious that scientometrics, monitoring of
research activities and science management should be synchronous with each other.

Prospects for further research — development of ontological models for monitoring
research activities and effective management of science at universities and research centres
(scientific organisations). We think that it can become a draft decision of the government,
and after being approved, it can be applied in the scientific and educational area of Armenia.
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