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Abstract. Science development is a key priority for many governments around the
world, as it plays a critical role in driving economic growth, improving health outcomes, and
addressing global challenges. Policy documents serve as a roadmap for achieving science
development goals, and often include indicators to measure progress towards those goals. In
this review, we will examine some common indicators for science development in policy
documents. Particularly, the article investigates the suitability and pertinence of the indicators
employed in Kazakhstan’s state planning system. This system comprises several
interconnected components, including principles, procedures, documents, and stakeholders,
which ensure the country’s development over long-term (more than five years) and medium-
term (one to five years) periods. The study focuses on various official sources of information
related to scientific productivity, such as reports, ratings, and indexes, in addition to the six
levels of documents with varying hierarchical importance. The main goal of the paper is to
examine the reasons behind the indicators associated with research activities, evaluate their
alignment with the principles of the state planning system, and recognize the significant
obstacles that arise from their extensive application.
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AHHOTaUMA. FEUTBIMHBIH TaMybl TyHHE JKY31HJIET1 KONTeTeH YKIMETTep YIIiH 0acThI
6achIMIBIK OOJIBIIT TaObLIaAbI, OUTKEHI 01 5KOHOMUKAIBIK 6CYl BIHTATaHABIPY A, JEHCAYITBIK
KOPCETKIIITEPiH JKaKcapTyna >koHe >jkahaHIOBIK MoceJeNepii MIemryae MaHBI3ABl pell
aTkapa/pl. Casic Ky)KaTTap FhUIBIM/IbI IAMBITY MaKCaTTapbIHA KOJ HKETKI3y IiH KO0JI KapTachl
peTiHae KBI3MET eTefl jKoHe KeOiHece OCBHl MaKcaTTapFa JKeTyAeTl irepijeymi ejmeyre
apHaJIFaH KepceTKiluTepai KaMTHbl. by momyna 6i3 GaraapiaMabik KyKaTTapIarbl FEUIBIM
JIaMyBIHBIH KeWOIp KajImbl KOPCETKIITEpiH KapacThlpambl3. ATan aiTkaHma, Makaitasa
KazakcTaHHBIH MEMJIEKETTIK JKOcmapiay KyHeciHne KOJIaHBUIATBIH KOPCETKIIITepAiH
KapaMIbUIBIFBI MEH ©3€KTLIIrl KapacTelpbuiraH. byi sxyde y3ak mep3imui (Oec kpuigaH
acTam) xoHE opra Mep3iMai (Oip KpUIIaH Oec KbUTFa JEHIHT1) Ke3eHIepAe CJIiH JaMyblH
KaMTaMachbl3 €TeTiH MPUHIHITEPIl, paciMaepi, KyKaTTapIpl jKOHE MYIIENi TapanTapabl
KaMTHUTBHIH OipHelie e3apa OaiiaHBICTBI KYpaMaacTapisl KaMTHABL 3epTTey opTypii
HepapXUsUTbIK MaHBI3ABUIBIFEI Oap anThl JAEHreiiaeri KyKarrtapra KOCBIMIIA ecemnTep,
PEHUTHHITED JKOHE MHACKCTEP CHAKTHI FHUIBIMU OHIMALTIKKE KATBICTBI 9PTYPJIi PECMU aKmapar
Ke3/epiHe Ha3zap aynapajbl. MakanaHblH HEri3ri MakcaTbhl — FBUIBIMH-3EPTTEY KbI3METIiHE
KAaTBICTBl KOPCETKIMTepAl MaimamaHy ceOenTepiH 3epTTey, OJapAbIH MEMIICKETTIK
JKocmapiay O>KYHWECIHIH KaFuaaTTapblHa COWKECTIriH Oarajmay JKOHE OJapabl KCHiHCH
KOJIJaHy1a TYBIHIAWTBIH eJIeyJIi KeAepriep i aHbIKTay.
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JKocmapiay xyieci
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AHHoTanms. Pa3sBuTHE HayKH SIBISETCS KIIOYEBBIM HPHOPUTETOM JUI MHOIUX
MIPaBUTENBCTB [0 BCEMY MHPY, IIOCKOJIbKY OHa UTPaeT Pelaroulylo pojb B CTUMYJIMPOBAHUH
HSKOHOMHYECKOTO pOCTa, YJIYYIIEHWHM II0Ka3aTelieil 310pOBbsS M PEIICHWH TIJI00aIbHBIX
npoOsiem. TlonmTHYecKkne AOKYMEHTBI CIy)KaT AOPOXKHOIM KapTOM Uit JOCTHKEHUs Lieel
Pa3BUTHUS HAYKH U YacTO BKIIIOYAIOT MHAMKATOPBI Il U3MEPEHUsS Iporpecca B JOCTHKEHUH
9THX Lenei. B 3ToM 0030pe MBI paccMOTPUM HEKOTOpBIE OOIIME WHIUKATOPBI Pa3BUTHS
HayKd B MPOTPaMMHBIX JOKyMEHTaX. B 4acTHOCTH, B CTaThe MCCIENyeTCs MPUTOAHOCTD U
YMECTHOCTb IIOKa3aTeNeil, MCIONb3yeMbIX B CHCTEME TOCYHApCTBEHHOTO IUIAHHPOBAHHS
Kaszaxcrana. Dta cucTeMa BKIIOYAeT B ce0s HECKOJBKO B3aMMOCBS3aHHBIX KOMIIOHCHTOB,
BKJIIOYAsl NPUHIMIIBL, MPOLEIYPHI, JOKYMEHTHl W 3aHHTEPECOBaHHBIC CTOPOHBI, KOTOpPHIE
00eCcIeYnBaOT Pa3BUTHE CTPAHBI B JIOJITOCPOYHOM (OoJee IATH JIET) U CPEIHECPOUHOM (OT
OJHOIO JIO IATH JeT) nepuojax. MccienoBaHWe COCPEIOTOYCHO Ha Pa3IMYHBIX
oduIHMaIbHBIX HCTOYHUKAX WH(OpMALNK, CBA3aHHBIX C HAYYHOH IPOJIYKTHBHOCTBIO, TAKUX
KaK OTYeThl, PEUTHHI'M M HHJAEKCHI, B JOMNOJHEHHE K IIECTH YPOBHAM JIOKYMEHTOB C
pa3MuHON MepapXUuecKoi BakHOCTbI0. OCHOBHAsI IeNIb CTaThbU COCTOUT B TOM, YTOOBI
M3y4YUTh TPUYMHBI TNPUMEHEHHs IIOKa3aTeled, CBS3aHHBIX C HCCJIEJOBATEIbCKOM
JIeSITENIbHOCTBIO, OLEHUTh MX COOTBETCTBHE MPUHIMIAM CHUCTEMBI T'OCYAAPCTBEHHOIO
IUIAHUPOBAHUS ¥ WACHTU(UIMPOBATH CYIIECTBEHHbIE NPEMITCTBUS, BO3HUKAIOIINE TIPH UX
IIUPOKOM PHMECHEHHUH.

KaroueBble ciioBa: cucteMa BbICHIEr0 00pa3oBaHMs; NPOLYKTHBHOCTb HAyKH;
CHCTEMa TOCYJapCTBEHHOTO IIAHUPOBAHHS
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Introduction

Given the emerging global challenges, it is plausible that Kazakhstan will
considerably augment its financial allotment for education, science, healthcare, culture, and
sports in the coming years. The President of Kazakhstan has reiterated this objective during
official speeches and government meetings in recent years (Message of the President, 2022,
2020). In particular, the government aims to raise the proportion of research and development
spending in the Gross Domestic Product (GDP). Based on the historical data furnished by the
Bureau of National Statistics, there has been a steady growth in the nominal sum of monetary
resources dedicated to research and development in tenge. Nevertheless, as depicted in Figure
1, the proportion of research and development expenditures relative to the gross domestic
product (in USD) has exhibited no change over the period spanning 2017 to 2021, remaining
constant at 0.12—0.13 % (World Bank, 2022).
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GDP and R&D in Kazakhstan
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Figure 1. Gross Domestic Product and Research and Development expenditure of Kazakhstan in
2012-2021

A proposal has been put forth regarding an increase in research and development
expenditures in the near future. However, there remains a lack of clarity on how to measure
its efficacy and effectiveness. This matter serves as the primary focus of inquiry for this paper:
Does the current use of metrics for assessing scientific productivity in Kazakhstan accurately
reflect progress in scientific and research endeavors? To address this question, the following
research queries have been formulated: 1) What are the essential science policy documents
and sections in the state planning system? 2) What are the primary characteristics of the
indicators employed in these documents? 3) What are the primary obstacles and
recommendations in the implementation of these indicators?

The use of indicators in sustainability assessments serves three main purposes.
Firstly, they help to represent the current state of complex and interrelated systems. Secondly,
depending on feedback mechanisms, they allow for the evaluation of the effectiveness of
various management strategies and policies in achieving sustainability. Finally, they alert
users to upcoming changes in social, cultural, economic, and environmental systems (McCool
& Stankey, 2004). Any changes in the indicators’ status can lead to significant policy and
legal actions, which can have far-reaching social and economic consequences. Therefore, the
selection of indicators involves technical, biological, physical, social, economic, and political
considerations. Consequently, the criteria and rationale for selecting indicators must be
transparent and subject to scrutiny, including assumptions, liabilities, uncertainties, and
strengths. However, efforts to simplify complex systems using indicators can have unintended
consequences, such as unreliable or inaccurate indicators that do not reflect the underlying
biophysical or socioeconomic systems.

Our study is characterized by a prospective orientation as we endeavor to anticipate
the future implications of the present indicators included in long-term policy documents. The
subsequent section briefly surveys pertinent literature concerning current trends in research
and scientific performance measures. The Methods and Materials section expounds on the
policy documents, their requirements, patterns, and the particular indicators that we have
concentrated on. Subsequently, we present our primary findings that unveil potential
opportunities for manipulating these indicators. Drawing on international experience and in
consideration of our key stakeholders, including government, higher education institutions,

258



researchers, and developing nations, we provide multiple recommendations and discuss our
significant discoveries. Finally, we summarize our study and propose future research avenues
worthy of exploration.

Materials and methods

The principal means by which we gathered data for our study was through the
examination of official documents known as the “state planning system”, which is organized
into six hierarchical levels (refer to Table 1) (Decree of the Government of RK, 2017). In
addition, we scrutinized reports detailing the implementation of strategic documents by
relevant government entities. The State Planning System documents form a comprehensive
system, in which the development of lower-level documents is mandated by higher-level
documents, and the monitoring and evaluation of higher-level documents is based on reliable
information regarding the execution of lower-level documents. It is necessary to decompose
and determine the target indicators and outcome indicators of State Planning System
documents based on their hierarchical structure.

Table 1 — classification of State Planning System documents

Levels | Documents of the State Planning System

1 Development Strategy of Kazakhstan until 2050

2 National priorities

3 National Development Plan of the Republic of Kazakhstan, National Security Strategy of
the Republic of Kazakhstan

4 Plan for the territorial development of the country

5 The concept of development of the industry/sphere, national projects

6 plans for the development of state bodies, plans for the development of the region, city of
republican significance, the capital, plans for the development of national managing
holdings, national holdings and national companies

Fischer (2005) characterizes document analysis as a structured approach for
scrutinizing and assessing printed and digital materials. As with other qualitative research
techniques, document analysis necessitates the review and interpretation of data to derive
meaning, acquire knowledge, and establish empirical evidence. By triangulating data, the
researcher aims to combine evidence from various sources to validate the findings across data
sets and minimize the impact of potential biases that may exist in a single set of information
(Rapley, 2018). The procedures used in document analysis depend on the researcher’s
epistemological perspective, emphasizing the importance of understanding the research’s
epistemological theories.

In this study, we utilized the conventional content analysis approach, which is a
document analysis strategy commonly employed to identify specific words or concepts within
texts or collections of texts. This technique involves quantifying and analyzing the presence,
meanings, and relationships of these words and concepts in order to draw conclusions about
the messages contained in the texts, as well as the authors, readers, and larger cultural and
historical contexts in which they exist. While content analysis is typically employed as a
qualitative research method, it encompasses three distinct approaches — conventional,
directed, and summative — that are used to derive meaning from textual data. The primary
advantage of this strategy is its ability to shed light on complex models of human language
and thought that may be difficult to analyze using other methods. However, our study is
subject to certain limitations, including the time-intensive nature of content analysis, its lack
of a clear theoretical foundation, and its tendency to overextend inferences about the
relationships and impacts implied in the study.
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Results and discussion

The indicators that we have utilized were predominantly sourced from several official
documents including: the Concept for the development of education in the Republic of
Kazakhstan for 2022-2026, the Concept for the development of science of the Republic of
Kazakhstan for 2022-2026, the National project “Technological breakthrough through
digitalization, science and innovation”, the National project “Quality education “Educated
nation”, and the National Science Report 2022. These documents are interconnected through
a hierarchical structure within the state planning system.

The state planning system adheres to several principles, including:

— internal balance, which ensures consistency among development goals, objectives,
and performance indicators across documents; efficiency, which involves the selection of
goals, objectives, and performance indicators that can be achieved with minimal resource
expenditure;

— “human-centeredness” which emphasizes the ultimate focus of goals, objectives,
and performance indicators on improving the quality of life and increasing the welfare of the
population;

— independence, which allows participants in the state planning process to choose
their own methods and strategies for achieving development goals within their competence;

— responsibility of participants in the state planning process, which mandates
accountability for inefficiencies and failures to achieve expected results within their respective
areas of responsibility according to the legislation of the Republic of Kazakhstan;

— transparency, which entails the mandatory review of draft documents of the State
Planning System by industry independent experts and a wide range of people for important
issues that affect public interests;

— realism, which involves establishing achievable goals, objectives, and indicators
based on reliable initial parameters and appropriate resource allocation;

— continuity, succession, and consistency, which ensure a coherent and integrated
approach to long-term development planning.

Table 2 showcases various commonly used indicators employed throughout the
documents within the state planning system.

Table 2 — some examples of extensively used indicators in State Planning System documents

Indicators Sources
the number of universities in Kazakhstan | the Concept for the development of education in
marked in the QS-WUR ranking, TOP-200 | the Republic of Kazakhstan for 2022-2026
(2022-2, 2023-2, 20242, 2025-3, 2026-3);
increase in the number of researchers from the | the Concept for the development of science of the
total number of researchers in 2020 (22.6 | Republic of Kazakhstan for 2022-2026
thousand people) by 52 % by 2026;
Taking measures to increase the number of | the Concept for the development of science of the
articles and reviews of Kazakh scientists in | Republic of Kazakhstan for 2022-2026
high-ranking publications Q1, Q2 Journal
Citation Reports JCR
Growth in patent activity from national | the National project “Technological breakthrough
applicants within the framework of research | through digitalization, science and innovation”
projects implemented at the expense of the state
budget
The degree of satisfaction of the scientific | the National project “Technological breakthrough
community, business and other stakeholders | through digitalization, science and innovation”
with the state administration of science
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Share of young scientists in the total number of | the National project “Technological breakthrough
scientists and researchers doing R&D through digitalization, science and innovation”
Growth of Kazakhstan’s position in the InCites | the National project “Technological breakthrough
country ranking by the total number of articles | through digitalization, science and innovation”

in indexed scientific journals
Global Innovation Index, Global | All the state planning system documents and
Competitiveness Index and other international | related reports

ranking systems

Research is a fundamental activity aimed at generating novel knowledge. This
process involves several inputs, including human resources, tangible items such as scientific
instruments and materials, and intangible resources such as accumulated knowledge, social
networks, and economic rents. The output of research is multifaceted and can take both
tangible and intangible forms, such as publications, patents, conference presentations,
databases, tacit knowledge, and consulting activities. The production function of new
knowledge, therefore, is complex and has a multi-input and multi-output nature.

Through our subjective analysis, we have identified a number of potential issues and
areas of risk:

— A risk stemming from the presence of indicators that are “inflated” and unattainable
in actuality;

— A risk linked to technically inaccurate indicators;

— A risk resulting from the presence of redundancy and inconsistencies within the
same paragraphs found across various documents within the state planning system;

— A risk associated with the violation of the integrated system of scientific
management's strategic, expert, and administrative functions;

— The potential emergence of a conflict of interest when determining funding
priorities and amounts;

— The possibility of public criticism emerging amongst representatives of the
scientific community within sectoral state bodies concerning the allocation and formation of
science funding, as well as the approval of scientific and technical programs;

— The reduced importance of the annual National Report on Science of the Republic
of Kazakhstan.

Productivity is the primary measure of efficiency for any research production unit,
such as an individual, research group, department, institution, field, or country. This measure
reflects the output produced per unit of production factors used to produce it within a given
period. To calculate research productivity, it is necessary to make simplifications and
assumptions. One significant challenge is the inability to measure any new knowledge that is
not codified. Moreover, when new knowledge is codified, it is essential to identify and
measure its various forms. In the hard sciences, the most common form of codification for
research output is publication in scientific journals, and databases such as Scopus and Web of
Science (WoS) have been widely used and tested in bibliometric analyses. Therefore,
publications indexed in either WoS or Scopus can serve as a proxy for total output in the hard
sciences, but it inevitably ignores those publications that are not censused (Archambault et al.,
2009). Although this approximation is acceptable for the hard sciences, it is not applicable to
the arts, humanities, and a considerable portion of the social sciences fields.

Other forms of research output, especially patents, can be identified in commercial
or free databases. In many cases, patents are followed by publications that describe their
content in the scientific arena, and therefore, analyzing publications alone may avoid the
potential for double counting.
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Research projects usually involve teams of researchers, and co-authorship of
publications reflects this. To accurately measure productivity, it is necessary to account for
the fractional contributions of single units to outputs. The contributions of co-authors to the
achievement of the publication are not always equal, and in some fields, authors indicate
different contributions through their order in the byline. These conventions on author ordering
for scientific papers vary across fields, so the fractional contribution of individuals must be
weighted accordingly. Therefore, performance indicators based on full counting or straight
counting, where only the first author or the corresponding author receives full credit and all
others receive none, are not valid measures of productivity. Similarly, all indicators based on
equal fractional counting in fields where co-author order has recognized meaning are also
invalid.

In the context of research projects, it is common for a group of researchers to
collaborate and produce publications, resulting in co-authorship. As a consequence, assessing
productivity requires a consideration of the fractional contributions made by individual
members to the output. It is important to note that not all co-authors necessarily contribute
equally, and certain disciplines follow specific authorship conventions, such as the order of
authors in the byline, to denote varying levels of contribution. Given the diversity of
authorship practices across scientific fields, fractional contribution of each individual must be
appropriately weighted (Fry et al., 2009). Consequently, traditional performance indicators
that rely on full or straight counting, which credit only the first or corresponding author, are
inadequate measures of productivity. Similarly, indicators based on equal fractional counting
are invalid in fields where author order holds significant meaning.

Some academic factions contend that impact factor-based indicators are insufficient
for evaluating the scientific merit of a solitary article, researcher, or institution (Gisbert and
Panes, 2009; Quindos, 2009). These criticisms comprise four principal points:

(1) questioning whether it truly assesses quality, or merely quantity, of publications;

(2) despite a brief citation calculation period, it fails to account for older, enduringly
cited classic articles;

(3) Impact factor outcomes are not transferable across diverse fields of research;

(4) self-citation, the influence of review articles, citation of non-citable items, the
sum of citable items, and English language bias. (Kianifar et al., 2014).

Table 3 provides situations or factors that can influence the computation of the impact
factor. (Roldan-Valadez et al., 2019).

Table 3 — some examples of overreliance on indicators based on impact factor

Specializations of
expertise

citations, which refers
to the number of
references cited per
article, is considered.

Example of the Defining the example Explanations
effect

Categories of | The journal only | The denominator of the calculation for impact factor

Articles accepts original | does not include letters to the editor or editorials, but
manuscripts and | they can still be mentioned and counted in the
review articles for | numerator, which affects the calculation. This bias
publication. could result in an inflated impact factor.

Areas or | The density of | In general, articles on exact sciences tend to have

lower citation densities compared to those in the
health sciences field. As a result, the impact factors
of health science journals are typically much higher
than those of exact science journals, such as
mathematics.

Timeframe for
incorporating

references

The journal impact
factor is published
annually by the JCR

Journals in fields where knowledge is rapidly
evolving tend to benefit more directly from this, as
their articles are cited soon after publication, leading
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and is based on the
citations received by
the journal within a
two-year period.

to a bias towards higher impact factor scores for
these journals. This is particularly evident in fields
such as biological or exact sciences, which typically
have higher impact factors compared to fields such
as social sciences or humanities, where knowledge
production occurs at a slower pace.

Dissemination  of

The distribution of

Less than 20 % of articles make up over 50 % of the

citations is counted
without taking into
account the source of
the citations.

references citations is  non- | total number of citations received by journals,
parametric, meaning | indicating that a relatively small number of articles
that it does not assume | account for a significant portion of a journal's
a normal distribution. | impact factor score. This also means that many
articles within journals may never receive any
citations at all.
Origin of references | The number  of | In terms of impact factor calculation, citations from

prestigious journals are not given more weight than
citations from lower-tier journals. All citations are
treated equally and contribute equally towards a
journal's impact factor score.

Format of articles

The proportion of
original research
papers review
papers

and

One way to increase a journal's impact factor is to
reduce the number of original research papers and
increase the number of editorials, as editorials are
not included in the denominator of the impact factor

calculation. Additionally, reviewing papers tend to
receive on average twice as many citations as
original research articles, so increasing the number
of review papers can also contribute to a higher
impact factor score.

The majority of commonly used bibliometric indicators and rankings suffer from two
main limitations: first, the absence of normalization of output value with respect to input
value, and second, the lack of classification of scientists by their field of research. The absence
of normalization makes it impossible to measure productivity, which is a crucial indicator of
performance in any production unit. Furthermore, rankings of multi-field research units
become distorted without proper classification of scientists by their respective fields due to
varying levels of publication intensity across fields. Consequently, it is difficult to make
accurate international comparisons of productivity, as there is no international standard for
the classification of scientists, and there are no countries that classify their scientists by field
at the national level.

Conclusion

The conventional definition of productivity, i.e. the number of publications per
researcher, is inadequate as publications have varying values. Although the indicators and
related methods could be improved, they do make sense according to the economic theory of
production. Other indicators and rankings, such as the simple number (or fractional counting)
of publications per researcher, or the average normalized impact, cannot alone provide an
accurate evaluation of performance. However, when combined with a true measure of
productivity, they can provide valuable information about the aspects of scientific production
that require improvement for greater efficiency. A research unit's average productivity level
may result from both an average number of publications with meaningful impact, or from a
high number of publications with low impact. Knowing the performance in terms of the
number of publications and average normalized impact can provide useful information for
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improving production efficiency by strengthening the aspect of scientific production that
requires improvement.

In addition to productivity, decision-makers may find other indicators useful for
evaluating research performance, such as identifying unproductive researchers, top-
performing researchers (using percentiles), highly-cited publications, dispersion of
performance within and between research units, and related metrics. However, in most cases,
productivity remains the primary or sole indicator that should inform policy, strategy, and
operational decisions in the context of research performance evaluation. Therefore, we urge
policy-makers and research administrators to avoid distributing performance ranking lists for
institutions based on invalid indicators, as this could have adverse consequences.
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	Сауалнама нәтижелері болашақ биолог мүғалімдерле көптілді білім алуға
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	деген қарым-қатынастың әлі де болса қалыптаспағанын көрсетті. Біздің ойымызша, бұл кәсіби қызметке дайындық барысында көптілді білім беру мәселелері ЖОО-ның ПОҚ тарапынан тиісті назардан тыс қалған. Бұл сауалнаманың "Оқыту үрдісінде арнайы пәндерді ағ...
	Екінші сұрақ бойынша білім алушылардың басым көпшілігі ағылшын тілінде арнайы пәндерді оқыту сапасын бағалауға қарағанда ағылшын тілін оқыту сапасына қанағаттанушылық білдірді, ал, білім алушылардың 4-ші және 5-ші сұрақтарға  берген жауаптары  бір-бір...
	1 кезең (ақпараттық-дайындық):
	2 кезең (ұйымдастырушылық-дайындық):
	3 кезең (апробациялық-дайындық).
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