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Abstract

This article analyzes the scientific potential, its structure, and dynamics of development in Kazakhstan to develop
strategic recommendations for the further development of science. The main purpose of the scientific work is to obtain
accurate data on the state of the dynamics of the development of Kazakh science. The main research methods were
generalization, systematization, and the economic and statistical method. The statistical base of the study was the
data of the Statistics Committee of the Ministry of National Economy of the Republic of Kazakhstan for the period
from 2010 to 2020. According to the analysis, it was revealed that the state budget plays the main role in the financing
of R&D in the republic, and the priority direction of R&D is research in the field of engineering developments and
technologies. While there are several problems in the field of social sciences and humanities in Kazakhstan: the
tendency to reduce the sphere of social sciences, a low proportion of highly qualified personnel in the humanities,
a low material and technical base of social and humanitarian research, which is manifested in a high share of labor
costs. Positive trends in the growth of costs for R&D, the development of the entrepreneurial sector of science, as well
as negative trends in reducing costs for medical sciences were revealed. It is shown that there is a critical situation
with the reproduction of scientific personnel, especially highly qualified personnel. The results of the study may be of
interest to government authorities in the field of science.
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Tyiiin

By Makanasia FEUTBIMIBI OZIaH Spi 1aMBITY OOMBIHIIIA CTPATETHSIIBIK YCBIHBIMAAP a3ipIey yiriH KazakcTanmaarst
FBUIBIMH QJICYeT, OHBIH KYPBUIBIMBI MEH JaMy CEpIliHi TaJgaHfaH. FBUIBIMH JKYMBICTBIH HETi3Ti Makcarbl —
Ka3aKCTaH/IbIK FBUIBIMHBIH JlaMy AMHAMUKACBIHBIH JKai-KyHi Typajibl HaKThl MOJIMETTEp aiy. 3epTTey/AiH Herisri
QMicTepi KaIIbLIAY, )KYHENey )KOHE SKOHOMHUKAITBIK-CTaTHCTUKANBIK 9.1ic 60p1. 2010-2019 sxpunnap apansirsiaga KP
CTpaTerusuiblK JKOCTIapiay oHe pedopmainap KeHIHICTI areHTTITiHIH FRUIBIMH JaMy OOWBIHIIA ¥JITTHIK CTATUCTHKA
OIOPOCHIHBIH FHIIBIM cajlajiapbl (?)KapaThUIBICTaHY, METUIIMHAIIBIK, aybLI [IapyallbUIbIFbI, JJICYMETTIK, T'yMaHUTAPIIBIK
WH)KEHEPIIIK d31pJieMesIep JXKOHE TEeXHOJIOTHsuIap) OOMBIHIIA CTAaTUCTHUKAIBIK AepekTepi Tammanabl. JKyprisiuireH
Tangayra cobikec pecnyonukaga F3TKIXK-HBI KapKbUtaHABIpYTa MEMIICKETTIK OIOIDKET HETI3ri pei aTKapaThIHEI,
an F3TKXK-HbIH 06ackiM OarbIThl HHKEHEPIIK d3ipiieMesiep MEH TEXHOJIOTHsJIAp CajlaChIHAAFbl 3epTTeyJiep OO0JbII
TaOBIIaTBIHBI aHBIKTANABL. KazakcTaHna oJeyMeTTIK JXKOHE TYMaHHTApIIBIK FBUIBIMAAD CajlachlHAA oJICYMETTIK
FBUIBIMJIAP CaNlaChIHBIH KBICKApy YpAici, TYMaHHUTapIbIK FBUIBIMIApIAFbl >KOFapbl OUTIKTI Kampiiap YIeciHiH
TOMEH/IIT, QJICYMETTIK JKOHE T'YMAHUTAPJBIK 3CPTTCYJICPIIH MaTCPHANIBIK-TCXHUKAIBIK 0a3aChIHBIH TOMCHIIT
CBIHJIBI TpoOITeManap 6ap. bys1 eHOekKe akbl TejieyTe )KyMCcallaThIH IIBIFBIH/IAP/IBIH )KOFAPHI YIIECIH e KOPIHIC Ta0a bl
Aran aiitkanma, F3TKIK sxymcanaTelH MIBIFRIHIAPABIH OCYIHIH, FRUTBIMHBIH KOCIITKEPIiK CEKTOPBIH, HHKEHEPIIK
a3ipseMeliep MEH TEXHOJIOTHSUIAP JKOHE TyMaHHUTApIIbIK FhUIBIMAAP cajlajlapblH JAMBITYJIbIH OH YPIICTEpi, COH/aM-
aK MEIUIMHAIBIK FBUIBIMAAPFA INBIFBIHAAP/ABI KBICKAPTYABIH TEpIC YpIicTepi aHbIKTaNAbl. FBUIBIME KaapiapabiH,
ocipece KoFapbl OUTIKTI KaapiapIblH KeOeroiHe OaillaHBICTHI KUBIH JKaFail TYBIHIaFaHbl KOPCETUITeH. 3epTTeyIi
YKaCTapbIHBIH apachlH/a aTIIAKTHIK 0ap, srHu 44 nieH 55 jxac apalbIFbIHIAFl 3ePTTEYIIUIED a3. 3epTTey HOTHKeNIepl
FBUIBIM CaJIaChIH/AFbl OacKapy OopraHapbiHa KbI3BIKTHI OOTYbl MYMKIH.

Tyiiin co3dep: ¥uinbM, aneyet, F3TKK, reutbiMabl kapxbuianpipy, F3TKXK-ra apHanran imiki misiFbicTap,
KaJIpJIBIK QJICYeT.
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AHHOTANUA

B nanHO# cTaThe NpoaHaJIM3UpPOBaH HAyUHbIN MOTEHIMAN, €r0 CTPYKTypa U JuHaMHKa pa3BuTHs B Kazaxcrane
JUIsl BBIPAOOTKU CTPATErHUECKHX PEKOMEHIAIM 10 JajbHeiieMy pa3BuUTHIO Haykd. OCHOBHas LieJib HAay4HOMH
paboTHI MOYYUTH TOYHBIE JJAHHBIC O COCTOSTHUN TMHAMHKH Pa3BUTHS Ka3aXxCTaHCKOW HaykH. OCHOBHBIMH METOJAMHU
WCCIIEOBAHMS MOCITYKHIIN 0000IIeHNe, CHCTEMaTH3aUsI 1 SKOHOMUKO-CTaTHCTHIECKHT MeTo]]. CTaTHCTHIECKOH
0a3oil mccnenoBaHus MOCHYKHIM JaHHble Komurera 1o cratuctuke MuHHCTEpCTBa HALMOHAIBHOW IKOHOMHKH
Pecnyommkn Kasaxcran 3a nepuozn ¢ 2010 mo 2020 rogsl. CoriacHO IPOBEJCHHOMY aHANW3y BBISIBICHO, YTO B
¢unancupoBanmn HMOKP B pecnyOmmke OCHOBHYIO POJIb MTPAeT TOCYNAPCTBEHHBIN OIOKET, a MPHUOPUTETHBIM
nanpasinennem HUOKP siBisitoTcs ucciieoBanusi B 001aCTH MHKEHEPHBIX pa3pabOTOK M TeXHOJIOrHH. B To Bpems
KaK B 00J1aCTH COIIMAJIBHBIX ¥ T'yMaHUTApHBIX HayK B Kazaxcrane cymecTByeT ps/] Ipo0ieM: TEHICHIINS COKPAIICHHS
chepsl conMaNbHBIX HAyK, HHU3Kas MOJS KaJpOB BBICIICH KBaMM(HUKAIMM B TyMaHWTapHBIX HayKax, HHU3Kas
MaTepHaIbHO-TEXHUYECKas 0a3a COIMANbHBIX U TYMaHUTAPHBIX HCCIIECIOBAHHUM, YTO MPOSBIAETCS B BBICOKOW J0JIe
3aTpar Ha OIUIAaTy TpyAa. B 4acTHOCTH, BISIBICHBI IOJ0KUTENbHBIE TeHIeHIIMU pocTa 3atpaT Ha HUOKP, passurus
MIPEANPUHIMATEIBCKOTO CEKTOpPa HAayKH, a TaKKe HETAaTHBHBIC TEHACHIIMM COKPAIICHHUS 3aTpaT Ha MEAWIMHCKHUE
Hayku. [TokazaHo, 4TO CIOXKMIIACH KPUTHYECKAsl CUTYAIHs C BOCIPOU3BOJICTBOM HAYyUHbBIX KaJ[PpOB, OCOOCHHO KaJJpOB
BhICHICH KBaH(uKanuu. Pe3yapTaTel HCCIe10BaHHUS MOTYT ObITh HHTEPECHBI OpraHaM yNpaBJIeHUs B chepe HayKH.

Knoueswvie crosa: Hayka, norenuuan, HUOKP, ¢punancupoBanne Hayku, BHTYpeHHHE pacxoabl Ha HUMOKP,
KaJpOBBIN TOTEHIIHAL.

Jas murupoBanus: Mycaepa J[.M., Aimb6ekosa ['.)K., Tunc Medeni, /labsiioBa M.U. (2021). AHanu3 nmoreHIuana,
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Introduction

In the twentieth century, the role of science
expanded significantly, which turned into one of the
leading public institutions. Scientific discoveries
in fundamental and applied fields, as well as new
technologies in advanced countries are factors of
economic growth, new ideas and knowledge make
a significant contribution to the development of
society. Scientific advances and new technologies
bring about economic and social change, and serve
to support socio-economic development aimed
at seizing important opportunities or countering
threats in a competitive environment. In general,
new technologies are due to the organized social
and economic efforts of countries to achieve
breakthroughs aimed at supporting the national
interests and well-being of the population [1].

According to the Frascati Manual, science is
understood as a creative and systematic activity
carried out with the aim of increasing the amount of
knowledge, including knowledge about humanity,
culture and society, as well as finding ways to use
existing knowledge to achieve the practical goals
of the development of society [2].

Modern economic and political debate
revolves around understanding the reasons
for the economic success of some countries,
based on technological change and the strategic
levers that must be used to increase the wealth
of nations [3].The role of science in the modern
economy 1is increasing, the development of an
innovative economy, innovation is impossible
without combining science and production [4].
Intensive development of science, technology
and innovation leads to an accelerated transition
to inclusive and environmentally sustainable
economic development [5, 6].

As of today, you can find a lot of scientific
papers on the role of science during a pandemic.
As scientists note, the coronavirus pandemic - one
of the largest health crises of our time - has given
a great impetus to the development of education
and science [7]. The countries with the greatest
scientific potential have been able to develop a
vaccine to tackle the pandemic, while the less
scientifically developed countries are forced to
queue up to purchase it.

Emphasizing the undeniable importance of
the development of science for the state, society,
culture, we have to admit that in Kazakhstan
the innovative vector of development based on
science is still very weak. Science and education
in Kazakhstan have not yet become factors in
the growth of technological innovation and
productivity, although since Soviet times the
republic has inherited a developed network of
scientific institutions and universities [8].

For the further development of science, the
Head of State K.Tokayev instructed to significantly
increase funding, while taking drastic measures to
qualitatively change the system. One of the key
indicators of the State Program for the Development
of Education and Science of the Republic of
Kazakhstan for 2020-2025 is the achievement of
the share of spending on science from the gross
domestic product of 1%. For the qualitative growth
of funding for science, it is necessary to analyze
the existing state of scientific potential and the
dynamics of its recent changes.

Thus, the main goal of this work is to analyze
the scientific potential, structure and dynamics of
the development of science in Kazakhstan in order
to develop strategic recommendations for further
financing science and determine sectoral and
industrial priorities for its development.

Materials and research methods

The study is based on an integrated approach
using economic and statistical analysis, methods of
comparison and generalization. The basic method
used is a descriptive method which respresents
collecting, analysis and presentation of data and
their characteristics. The statistical data of the
Committee on Statistics of the Ministry of National
Economy of the Republic of Kazakhstan is a
subject of the primary analysis and presentation
in the paper. The collection and analysis of data
on the state and dynamics of the development of
domestic R&D sector over the past 10 years, from
2010 to 2020, was carried out in order to determine
the potential and priorities for its development.
The analysis was carried out in terms of indicators
of gross domestic expenditures on R&D and
R&D personnel, their structure and dynamics of
development by sectors of activity and fields of
research over the past decade.

The first part of descriptive analysis
covers tracking dynamics of gross domestic
spending on R&D through the last ten years
and breakdown analysis by types (basic and
applied research experimental developments)
and sectors (governmental entrepreneurial, non-
commercial and higher education), sources of
funding (republican and local budgets, own funds,
foreign investments, other sources) and fields of
research (natural sciences, engineering, medicine,
agriculture, social and humanitarian sciences).

The second part of descriptive analysis
captures analysis of human capacity in R&D by
the sectors (governmental entrepreneurial, non-
commercial and higher education), sources of
funding (republican and local budgets, own funds,
foreign investments, other sources)
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Literature review

In the context of the Fourth Industrial
Revolution, the country>s scientific potential is a
key factor in the formation of knowledge-based
economy. The formation and effective functioning
of knowledge economy depends on the creation,
dissemination and use of knowledge, the results of
research and development, information technology,
etc. [9].

Many empirical and theoretical works
emphasize that research and development (R&D)
is an important factor in economic growth. R&D
spending drives economic growth through its
positive impact on innovation and overall factor
productivity [10].In turn, the level of a country’s
technological and scientific potential determines
the effectiveness of R&D. So, in less developed
countries, there is a smaller effect from R&D [11].

Countries with high scientific potential have
the greatest military, political and financial power
and ensure a high level of well-being of their
citizens. The basis of their influence is the huge
amount of accumulated and created knowledge in
all areas of activity. It follows that in the modern
world it is science that is the basis of technological

development, sustainable economic growth,
spiritual modernization.
Thus, technology leaders maintain the

indicator of the economy>s science intensity
(the share of R&D expenditures in GDP) at 2.7-
4.3%. The value of this indicator equal to 1% or
less is considered critical for the scientific and
technological security of the country [12].The share
of science-intensive, innovative products in the
production structure, which is also a generalizing
indicator of the effectiveness of scientific, technical
and innovative activities, in the European Union is
35%, the USA - 25%, Japan - 11%, Singapore -
7%, South Korea - 4% , China - 2% [13].

It was noted that the growth of R&D funding
should be based on sound scientific and innovation
policy, otherwise it will not give positive results.
Policies aimed at increasing the return on R&D and
optimizing their role in economic growth should take
into account the following parameters: commercial
R&D; new high-tech small and medium-sized
enterprises; training and rotation of research
personnel; technology transfer mechanism and
R&D results; sound sectoral policies guaranteeing
high profit margins and efficient technology transfer
[14].Thus, reforms in science and technology
in China have been effective in stimulating
universities and research institutes, creating the
innovative potential of enterprises and promoting
the country>s industrial development [15]. Also,
reforms and innovations in science and technology
have contributed to significant growth in Chinass
GDP and accelerated progress in higher education,
research and development. Thus, over the past

three decades, China has launched and adjusted a
wide range of science and technology policies that
fostered the development of an innovation ecosystem
and significantly increased the number of educated
workforce, laying a solid foundation for socio-
economic development [ 16]China has launched and
adjusted a wide range of S&T policies which have
nurtured an innovation ecosystem and significantly
increased the size of the educated workforce, laying
a solid foundation for future development. China
has set a national target of becoming a leading
innovative country by 2020. Reaching this target will
require continued policy reform to further optimize
the relationship between the government and
market forces; to establish a more comprehensive
innovation ecosystem; to nurture a legal and
regulatory system that encourages investment in
innovation and entrepreneurship by all sectors; and
to foster open and fair competition among private,
state-owned, and foreign enterprises.”,”author”:[ {
“dropping-particle”:””,”family”:”Casanova”,”’giv
en”:”Lourdes”, non-dropping-particle”:””, ’parse-
names”:false,”suffix”:””}, {“dropping-partic

9 9

le”:””,”family”:”Cornelius”,”given”:”Peter
Klaus”,”non-dropping-particle”:””,”parse-names
”:false,”suffix”:””},{“dropping-particle”:””,”fam
ily”:”Dutta”,”given”:”Soumitra”,”non-dropping-
particle”:””,”parse-names”:false,”suffix”:””’}],”c
ontainer-title”:”Financing Entrepreneurship and
Innovation in Emerging Markets”,”id”:”"ITEM-
17,”issued”: {“date-parts™:[[“2018]]},”page”:”69-
807,”title”:”The Impact of Science and Technology
Policies on Rapid Economic Development in China
* *This chapter is authored by Dongmin Chen,1
Shilin Zheng,2 and Lei Guo.3 The chapter has been
adapted from an earlier version which appeared
in the “Global Innovation I”,”type”: article-
journal”},”uris”:[“http://www.mendeley.com/
documents/?uuid=dc42a6d5-e2e6-473d-9611-4e39
da27f51e”]}],”mendeley”: {“formattedCitation”:”[
18]”,”plainTextFormattedCitation”:”[18]”,”previo
uslyFormattedCitation:”[ 18]}, properties”: {“not
elndex:0},”schema”:”https://github.com/citation-
style-language/schema/raw/master/csl-citation.
json’}.

According to UNESCO research statistics,
the structure of wvarious types of scientific
research and R&D funding in different countries
is rather heterogeneous. For example, in countries
such as Germany, Bulgaria, Croatia, Latvia,
Argentina, Italy, the R&D sector is more focused
on applied science. The volume of state funding
for fundamental research in the structure of
expenditures on research and development, in
contrast to applied research and experimental
development, has a smaller share. Countries such
as China, Israel, Japan, Denmark, South Korea,
Great Britain invest the most in experimental
development.
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Results and discussion

In Kazakhstan, there has been a tendency to
increase the volume of research activities in the
country since 2010, when the first shock of the
global financial crisis was overcome and major
reforms of the innovation system were launched.

Gross domestic spending on R&D is defined
as the total expenditure (current and capital)
on R&D carried out by all resident companies,
research institutes, university and government
laboratories, etc., in a country. It includes R&D
funded from abroad, but excludes domestic funds
for R&D performed outside the domestic economy.

In general, gross domestic expenditure on
R&D (GERD) have grown in absolute terms by
2.7 times over the period under review. However,
given that the value of the subsistence minimum
for this period increased by 2.4 times, it seems
incorrect to state a significant increase in the total
gross domestic R&D expenditures. Nevertheless,
expenses for basic research increased by 3 times,
for R&D - 4 times, applied research - by 2.2 times,
but taking into account inflation, it can be stated
that there is no growth and even a decrease in costs
for the latter (Table 1).

Table 1 - Gross domestic expenditure on R&D by type of research, KZT billion

2010 2011 2012 2013 2015 2016 2017 2018 2019 2020
GERD 33466,8 | 43351,6 | 51253,1 | 61 672,7 | 66 347,6 | 69302,9 | 66600,1 | 68884,2 | 72224,5 | 82333,1 {89 028,7
% of GDP 0,15 0,15 0,16 0,17 0,17 0,14 0,13 0,12 0,12 0,13
Basic
research 4759,0 | 7682,9 |12063,4|18197,0 | 15260,7 | 15838,8 | 13809,2 | 10785,9 | 10628,9 | 11 044,3 |14 143,7
Applied
research 24100,5 | 27 565,8 | 28 898,0 | 33 369,4 | 38394,7 | 36 959,0 | 35 841,1 | 40 909,6 | 43 278,3 | 52 620,9 | 54 462,3
Experimental
development | 4607,3 | 8102,9 | 10291,7 | 10106,3 | 12692,1 | 16 505,1 | 16 949,8 | 17 188,7 | 18 317,2 | 18 667,918 531,5

Source: compiled by the author using data from the Statistics Committee [17].

The share of experimental development costs
increased by 7% in the total volume of GERD,

80

while the share of applied research decreased by
11%, and basic research — by 2% (Figure 1).
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Figure 1 - Dynamics of the structure of GERD, 2010-2020
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It is generally accepted to assess the dynamics
of GERD in terms of the ratio to GDP. Over the past
decade, the average annual value of the indicator
of GERD in GDP was 13%. According to this
indicator, Israel is the leader in the world - 4.93%
and South Korea - 4.64%. Unsurprisingly, these
countries are ranked 13th and 10th in the Global
Innovation Index.

For 2010-2020, on average, the ratio
between basic, applied research and experimental
development was 20:60:20. Compared to 2000
(15:55:30), the structural proportions of the
sphere have changed: the share of fundamental

research has increased, the share of experimental
development has significantly decreased. In
economically developed countries, the emphasis
is on experimental developments: USA - 16:21:63,
Japan - 15:25:60, France - 21:35:44.

At the same time, one must understand that
without sufficient funding for fundamental and
applied research, it is impossible to ensure the
required quality of R&D.

Some trends can be distinguished over the
past 10 years: the share of R&D expenditures in
the entrepreneurial sector increased by 13%, while
the share of the public sector decreased by almost
13% (more precisely, by 12.54%) (Table 2).

Table 2 - Comparative analysis of the structure and growth rates of GERD by sector of activity and funding
sources for 2010 and 2020

2010 2020 Growth rate, 2020 to 2010,%
Indicators specific specific specific
o oy s i
billion tenge weight billion tenge weight billion tenge weight
GERD 33,5 100% 89 100% 265,67% 100%
By sector of activity
Government sector 12,4 37% 28,8 32,4% 232,3% 87,5%
Entrepreneurial sector 12,3 36,6% 36,8 41,3% 299,2% 113%
Higher education sector 5,8 17,2% 14,8 16,6% 255,2% 96,7%
Non-profit sector 3,1 9,2% 8,55 9,6% 275,8% 104,4%
By funding sources
Funds of the republican 20,3 60,5% 46,25 52% 227,8% 85,9%
and local budgets
Own funds 7,5 22.4% 35,5 39,9% 473,3% 178,1%
Foreign investment 0,2 0,6% 2,2 2,5% 1100% 412%
Other funds 5,5 16,5% 5,03 5,6% 91,5% 34,2%

Source: compiled by the author using data from the Statistics Committee.

The share of R&D expenditures in higher
education sector decreased slightly (by 3.3%). The
share of the non-profit sector increased by 4.4%.

The volume of expenditures in these sectors in
absolute terms over the past decade has increased
by more than 2 times (the entrepreneurial sector -
3 times). Taking inflationary impact into account
only indicates an increase in R&D spending in the
entrepreneurial and slightly non-profit sector.

Analysis of the cost structure by funding
sources indicates a real growth in R&D

However, the share of innovative products of
domestic production is still extremely low: 2.4% of
Kazakhstan»s GDP. For comparison, in the countries
of the European Union this figure is 35%, the USA
- 25%, Japan - 11%. One of the main reasons for
this situation is that in the republic the programs
of scientific institutions and innovation projects are
not interconnected. Scientific organizations carry
out research and development according to their
own programs.
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Despite the dominance of the engineering
development and technology industry in the
structure of R&D expenditures, it is necessary to
state a decrease in its share of 6.4%, as well as the
share of natural sciences (by 4.7%). The position
of medical science is deplorable - the share of costs
in this industry has decreased by more than 40%
over the past decade. There is a slight increase
in the share of expenditures on agricultural and
social sciences - 20-26%. The humanities, on the
other hand, have experienced a 3-fold increase in
the share in a decade. It is obvious that the state
has taken a course to support this industry, which
is confirmed by the fact that 80% of the costs of
this industry fall on the state (54%) and university
(26%) sectors of activity (Table 3).

nditures by branches of science confirms the
results of the structural analysis of expenditures.
The cost of medical science has grown by only 1.5
times. Unfortunately, we have to state a decrease
in real costs, since the value of the subsistence
minimum over a 10-year period has grown 2.4
times, which indicates the same rise in prices and
inflation. Given the rise in prices, the real costs
of natural sciences, engineering and technology
also grew slightly. Taking into account the
inflationary component, one can state an increase
in expenditures on agricultural and social sciences
(by 130-150%), and to a large extent - on the
humanities (by 580%).

Table 3 - Comparative analysis of the structure and growth rates of GERD by fields of research for 2010 and 2020

Growth rate, 2020 to
2010 2020 2010.%
- specific - specific - specific
billion tenge weight billion tenge weight billion tenge weight
Total 32 114,80 100 89 028,70 100 277,2 100
natural sciences 9 546,6 29,7 25228,7 28,3 264,3 95,3
engineering developments
and technologies 15766,9 49,1 40 915,9 46 259.5 93,6
medical sciences 1724,9 5,4 2742,1 3,1 159 57,4
agricultural sciences 3690,6 11,5 12 313,1 13,8 333,6 120,4
social sciencies 758,5 2,4 2 653,0 3 349,8 126,3
humanitarian sciences 627,3 1,9 51759 5,8 825,1 2979

Source: compiled by the author using data from the Statistics Committee.

Analysis of the dynamics of absolute R&D
expeln the modern world economy, the emphasis
is not so much on material values as on intellectual
potential. The nation»s ability to maintain a
modern and efficient education system, to increase
the intellectual potential of the workforce is
becoming a critical factor in ensuring the country»s
competitiveness [17].

In Kazakhstan today, 8031 specialists are
employed in science with the academic degree of
doctor, candidate of science, academic degrees of
doctor in the field and PhD. Of these, at the age of
25-34 years - 552 people (7.5%), at the age of 35-
44 - 1749 people (24%), at the age of 45-54 years
- 1852 people (25%), at the age of 55-62 years -
955 people (13%), aged 63 and older - 2193 people
(30%). Including 49% of doctors of sciences are in
the older age group.

The number of researchers today is only
55.0% of the 1990 level. Over the past 10 years,
there has been an increase in the number of
scientific personnel, and over the past 5 years, the

number has remained stable.

Over a 10-year period, the growth in the
number of personnel engaged in research and
development was only 133%, including researchers

168%. The number of doctors of sciences
increased by 40%, candidates of sciences - by 42%
(Table 4).

In connection with the closure of the
traditional school of training scientific personnel
through postgraduate and doctoral studies in 2010,
an increase in the number of doctors and candidates
of sciences may be due to their arrival from other
areas of activity (industrial, financial, public
service, etc.), as well as the defense of dissertations
in other post-Soviet countries space where the
traditional system of training scientific personnel
has been preserved (Kyrgyzstan, Russia, etc.). As
expected, the number of doctors of philosophy
PhD has grown - almost 30 times - in connection
with the entry into force in 2010 of a new system
of training scientific personnel.
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Table 4 - Human capacity of R&D of the Republic of Kazakhstan in 2010-2020

Index | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Personnel engaged in research and development, thousand people

R&D staff 17021 18003 | 20404 23712 25793| 24735 22985 22081| 22378| 21843( 22 665
Including:
—researchers, 10870 11488| 13494 17195 18930| 18454 17421 17205| 17454] 17 124 18228
of them:
Doctors of Science 1347 - 1065 1688 2006| 1821 1828 1818| 1740| 1703| 1883
PhD 59 95 131 218 330 431 456 589 856 1045| 1757
Candidates of 5254 5119 4726 4541 4360| 4240| 4329
Science 3041 3286 3629 4915
Doctors by profile -] 1486 719 605 596 549 493 354 336 317 62
Technicians 1078 1102 1310 3586 3882 3692 3326] 2797 2836 - -
Other personnel 2319 2558 2179 2931| 2981 2589 2238 2079 2088 - -

Source: compiled by the author using data from the Statistics Committee.

An analysis of the human resources potential
of science by sectors of activity shows the following
(Table 5):

- scientific personnel are concentrated in the
higher education sector - 41.5%, and the peak in
the number of personnel in this sector was in 2013,
then the attractiveness of the higher education
sector steadily decreased and since 2019 there has
been a certain rise in this indicator;

- the human resources potential of the business
sectons science had the same trajectory of change,
but its peak was in 2014;

- in the public sector of science, the deepest
decline in the number of scientific personnel
occurred in 2012, and the peak - in 2018, in general,
there is a positive trend;

- a positive trend continues in the non-profit
sector with some undulating changes with a peak
in 2015 and 2020

Table 5 - R&D personnel by sector of activity, thousand people

Index 2010 2011 2012 2013 2014 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Government sector 6557 | 5909 | 4921 | 5516 | 7608 | 7157 | 7643 | 7574 | 7998 | 7491 | 7221
Entrepreneur sector 3749 | 5164 | 4718 | 5036 5786 | 5258 | 4222 | 3934 | 3852 | 4046 | 4177
Higher education sector | 5232 | 5516 | 9405 | 11828 | 10961 | 10623 | 9791 | 9203 | 8808 | 8856 | 9415
Non-profit sector 1483 | 1414 | 1360 | 1332 1438 | 1697 | 1329 | 1370 | 1720 | 1450 | 1852

Source: compiled by the author using data from the Statistics Committee.

A comparative analysis of the structure and
growth rates of the human resources potential of
science by sectors of activity revealed the increased
attractiveness of the higher education sector for
scientific personnel: the share of this sector in
the total number of scientific personnel in 2020
increased by 32% compared to 2010. Accordingly,
the number of scientific personnel in this sector
increased by 80%, which is 50% more than the
overall growth of scientific personnel potential
(Table 6).

In terms of growth in the absolute number of
personnel, the higher education sector is followed
by the non-profit sector (almost 25% growth), but
the share of this sector also decreased by 5%.

The growth in the costs of the business sector,
accompanied by an increase in financing from its
own funds, may indicate the emergence of business
interest in scientific research. Statistical data on
science for 2020 confirms this fact - 84% of the

costs of the business sector fall on the financing of
design and technological work.

Thus, in Kazakhstan for the analyzed decade,
there has been a significant nominal, but not real
growth in R&D funding. The existing growth in
R&D funding is provided by an increase in R&D
costs, the share of which is still very small in
structural proportions (20% versus 40 - 65% in
developed countries).

The tendencies accompanying the growth of
R&D costs are the growth of the share and absolute
volumes of R&D costs of the entrepreneurial sector.
Since the main source of costs in the business
sector is own funds, it is logical that this source of
R&D costs grows clearly.

The 11-fold growth in foreign investment was
largely due to the World Bankys investments in
joint programs with the government of Kazakhstan
to commercialize scientific research and stimulate
productive innovation. The share of the state
budget has tended to decline over the past decade.
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Table 6 - Comparative analysis of the structure and growth rates of human resources in R&D
by sector of activity for 2010 and 2020

2010~ 2020 Growth rate, 2020 to 2010,%
Index specific specific specific
people weight people weight people weight
Total 17021 100 22665 100 133,16 -
Government sector 6557 38,5 7221 31,8 110,1 82,6
Entrepreneur sector 3749 22,0 4177 18,4 1114 83,6
Higher education sector 5232 30,7 9415 41,5 180,0 1352
Non-profit sector 1483 8,7 1852 8,2 124,9 94,3

Source: compiled by the author using data from the Statistics Committee [18].

Analysis of structural changes in internal
costs by industry revealed the deplorable state of
medical science, the share of which was 3.1% in
2020.

Obviously a favorable position in the branch
of the humanities, beats. the weight of which has
tripled over the period under review and the volume
of which has grown 8 times in nominal terms and 4
times in real terms.

The human resources potential of science
is also contradictory. The number of researchers
today is only 55.0% of the 1990 level. Despite the
fact that over the past 10 years there has been an
increase in the number of scientific personnel by
168%, over the past 5 years this trend has not been
observed.

The new system of training scientific
personnel copes with its task of reproducing
scientific personnel: the number of doctors of
philosophy PhD has grown almost 30 times.

The country>s scientific workforce is
concentrated in the higher education sector. The
analysis revealed the increased attractiveness of
the higher education sector for scientific personnel.
In the public and non-profit sectors of science, in
general, there is a positive trend in the growth of
personnel engaged in research and development.

Conclusion

Research in science, technology and society
takes different directions as their intellectual and
social history is seen as a complex interaction
between several academic fields. At the same time,
this area covers the assessment of the consequences
of scientific research and technological discoveries
not only for economic, but also for social, political
and cultural contexts, including public policy
[19]. In recent years, there has been an increase
in interest in assessing the non-economic social
outcomes of scientific and technological research.
However, interest in the social impacts of scientific
research has not yet led to the widespread adoption
of useful and reliable methods for assessing such
impacts. [20].

In the context of the global pandemic
COVID-2019, this trend is only intensifying.
The widespread spread of coronavirus infection
COVID-19 not only does not remove the relevance
of the development of science from the agenda,
but also testifies the increasing role of sciences,
especially medical ones, to combat the virus,
and other branches of science, to overcome
the problems and consequences caused by the
pandemic and quarantine.

When assessing the role of science and
technology in helping various civil society
organizations to fight the pandemic, it was found
that strategies that use evidence-based guidance
and digital technologies provide the best benefits.
These technology strategies can be created either
to combat a pandemic or to support society during
a pandemic, which in turn helps control the spread
of infection. In addition to the technologies being
introduced, untapped technologies are considered
that have effective applications for managing the
circumstances of the pandemic [21].

Based on the analysis of the scientific potential
of Kazakhstan, it was determined that science,
being the most important factor and priority in
the development of an innovative economy, is
underfunded. There is still insufficient emphasis
on the development of R&D - its share in domestic
R&D expenditures is 2-3 times lower than in
developed countries. A wide range of programs are
needed to support corporate efforts to develop new
technologies to further stimulate the development
of innovation. We consider the reduction of the
share of the state budget for R&D to be unjustified
so far. A decrease in the share of R&D expenditures
in the public and higher education sectors signals
weakening of the scientific potential of state
scientific institutes and universities, despite the
concentration of the country»s scientific personnel
inthe higher education sector.Implementation of the
State Program for the Development of Education
and Science for 2020-2025 can strengthen the
remaining potential with the efficient use of
resources [22].
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The coronavirus pandemic has sharply
highlighted the underdevelopment of the
healthcare system and medical science in the
country. The government must ensure the intensive
development of medical science, the proportion of
which has decreased by 40% over the decade and
reached 3.1% in 2020.

Despite the fact that the new system of
training scientific personnel (doctors of philosophy
PhD) copes with the task of reproducing scientific
personnel, the number of researchers today is still
only 55.0% compared to the 1990 level. Over the
past 5 years, there has been a stagnation of human
resources in science. These facts indicate the need
to adopt a separate government policy and program
to strengthen the human resources of science.

References

1. Coccia, M. (2019). Technology in Society
Why do nations produce science advances and new
technology. Technol. Soc. Elsevier Ltd. Ne 59, 101-124.

2. Fuz, JK. (1629). Francis Bacon’s “Nova
Atlantis”. In: Welfare Economics in English Utopias,
Springer,  https://doi.org/10.1007/978-94-017-4681-
6 2.

3. Frascati, M. (2015). Guidelines for Collecting
and Reporting Data on Research and Experimental
Development, The Measurement of Scientific,
Technological and Innovation Activities. OECD
Publishing, 398.

4. Coccia, M. (2008). Science, funding and
economic growth: analysis and science policy
implications. World Review of Science, Technology and
Sustainable Development, Vol. 5, Nel, 1-27.

5. Kopumap, JI. (2012). Ponp Hayku B
COBPEMEHHON JKOHOMHKE. DKOHOMHYECKHH BECTHUK
yauBepcuteTa. Vol.18, Ne 2, 68-71.

6. Walsh, P.P., Murphy E., Horan D. (2020).
Technological Forecasting & Social Change The role
of science, technology and innovation in the UN 2030
agenda. Technol. Forecast. Soc. Chang. Elsevier, Vol.
154, 119-957.

7. Heteméki, L. (2019). The role f science in
forest policy-Experiences by EFI. For. Policy Econ.
Elsevier, Vol. 105, 10-16.

8. Plohl Nejc., Musil Bojan. (2020). Modeling
compliance with COVID-19 prevention guidelines: the
critical role of trust in science. Psychology, Health &
Medicine. 26. 1-12. 10.1080/13548506.2020.1772988.

9. CynranoBa JLII., A#nunoa M.A. (2014).
3HaveHne KaHaia TpaHcdepa HOBBIX TEXHOJIOTHH JUIs
V306ekncrana. AKTyaJbHbIE BOIPOCHI COBPEMEHHOW
Hayku, Ne 1, 87.

10.Veseld, D., Klimova, K. (2014). Knowledge-
based Economy vs. Creative Economy. Soc. Behav. Sci.
Elsevier B.V, Vol. 141, 413-417.

11.Romer, Paul, M. (1990). Endogenous
Technological Change. Journal of Political Economy,
98, 71-102.

12.Rodriguez-Pose, A., Bilbao-Osorio, B. (2004).
From R&D to innovation and economic growth in the
EU. Growth and Change, Ne35, 4, 434-455.

13. KomanoB A. (2011). HamuoHanbHbIE
HKOHOMUYECKHE MHTEPEChl M OTHOIICHUS CcoOcC-
TBeHHOCTH. Borpocsl skoHomuku, Ned, 154-155. https://
doi.org/10.32609/0042-8736-2011-4-154-155

14. OECD Reviews of Innovation Policy:
Kazakhstan (2017). OECD Publishing, http://dx.doi.
org/10.1787/9789264270008-en

15. Tsipouri, L. (2001). Can we benchmark the
contribution of research and development investment
to growth and competitiveness. Science and public
policy,Ne 28, 4,295-302.

16. Xiwei, Z., Xiangdong, Y. (2007). Science and
technology policy reform and its impact on China’s
national innovation system. Technol. Soc,Vol. 29, Ne 3,
317-325.

17. Casanova, L., Cornelius, P.K., Dutta, S.
(2018). The Impact of Science and Technology Policies
on Rapid Economic Development in China. Financ.
Entrep. Innov. Emerg. Mark, 69-80.

18. OcHOBHBIE TIOKa3aTeNN HAYYHO-HCCIIE-
JIOBATEIbCKUX M OIBITHO-KOHCTPYKTOPCKUX —padoT
B PecnyOmuke Kazaxcran. (2020). Crartuctuueckuid
OroJuIeTeHB.

19. JHenmmcoBa O.K. (2012). TIpoGiemsr
(GOpMHPOBAaHMS  HMHTEIUICKTYaJbHOTO  ITOTCHIHANa
HAallMM KaK YCJIOBHE PAa3BUTHA OSKOHOMHMKM 3HAaHHUH
crpanbl. «BectHuk HMHHOBanuoHHOro EBpasuiickoro
yHHUBepcuTeTa», Ne3.

20. Morrison, V. (2018). Science, Technology, and
Society Studies: Encyclopedia of the Anthropocene.
Elsevier Inc., 331-337.

21. Bozeman, B., Youtie, J. (2017). Socio-
economic impacts and public value of government-
funded research: Lessons from four US National
Science Foundation initiatives. Res. Policy. Elsevier.
Vol. 46, Ne 8, 1387-1398.

22. Madurai, R., Pugazhendhi, R. (2020). Science
of the Total Environment Restructured society and
environment: A review on potential technological
strategies to control the COVID-19 pandemic. Sci. Total
Environ. Elsevier B.V, 138-858.

References

1. Coccia, M. (2019). Technology in Society
Why do nations produce science advances and new
technology? Technol. Soc. Elsevier Ltd. Ne 59, 101-124.

2. Fuz, JK. (1629). Francis Bacon’s “Nova
Atlantis”. In: Welfare Economics in English Utopias,
Springer, https://doi.org/10.1007/978-94-017-4681-6 2

3. Frascati, M. (2015). Guidelines for
Collecting and Reporting Data on Research and
Experimental Development, The Measurement of
Scientific, Technological and Innovation Activities.
OECD Publishing, 398.

4. Coccia, M. (2008). Science, funding
and economic growth: analysis and science policy
implications. World Review of Science, Technology and
Sustainable Development, Vol. 5, Ne 1, 1-27.

DKoHOMHKa: cTparerus u npaktuka. T. 16, Ne 3, 2021 / Economics: the strategy and practice Vol. 16. No 3, 2021 91



INNOVATION, INNOVATION AND TECHNOLOGICAL DEVELOPMENT, DIGITALIZATION

5. Korchmar, L. (2012). The role of science in
the modern economy. Economic Bulletin of the Univer-
sity. Vol. 18, No. 2, 68-71.

6. Walsh, P.P., Murphy, E., Horan D. (2020).
Technological Forecasting & Social Change The role
of science, technology and innovation in the UN 2030
agenda. Technol. Forecast. Soc. Chang. Elsevier, Vol.
154, 119-957.

7. Heteméki, L. (2019). The role of science
in forest policy-Experiences by EF1. For. Policy Econ.
Elsevier, Vol. 105, 10-16.

8. Plohl Nejc., Musil Bojan. (2020). Modeling
compliance with COVID-19 prevention guidelines: the
critical role of trust in science. Psychology, Health &
Medicine. 26. 1-12. 10.1080/13548506.2020.1772988.

9. Sultanova, L.Sh., Ajdinova M.A. (2014).
Znachenie kanala transfera novyh tehnologij dlja
Uzbekistana. Aktual’nye voprosy sovremennoj nauki,
Ne 1, 87.

10.  Vesela, D., Klimova, K. (2014).
Knowledge-based Economy vs. Creative Economy.
Soc. Behav. Sci. Elsevier B.V, Vol. 141, 413-417.

11. Romer Paul, M. (1990). Endogenous
Technological Change. Journal of Political Economy,
98, 71-102.

12. Rodriguez-Pose, A.,  Bilbao-Osorio
B. (2004). From R&D to innovation and economic
growth in the EU. Growth and Change, Ne35, 4, 434-
455.

13.  Koshanov, A. (2011). Nacional’nye
jekonomicheskie interesy i otnoshenija sobstvennosti.
Voprosy  jekonomiki, ~Ne4, 154-155. https:/doi.
org/10.32609/0042-8736-2011-4-154-155

14.  OECD Reviews of Innovation Policy:
Kazakhstan (2017). OECD Publishing, http://dx.doi.
org/10.1787/9789264270008-en

15.  Tsipouri, L. (2001). Can we benchmark
the contribution of research and development investment
to growth and competitiveness. Science and public
policy, Ne28, 4, 295-302.

16. Xiwei, Z., Xiangdong, Y. (2007). Science
and technology policy reform and its impact on China’s
national innovation system. Technol. Soc, Vol. 29, Ne 3,
317-325.

17. Casanova, L., Cornelius, P.K., Dutta S.
(2018). The Impact of Science and Technology Policies
on Rapid Economic Development in China. Financ.
Entrep. Innov. Emerg. Mark, 69-80.

18.  Osnovnye pokazateli nauchno-
issledovatel’skih 1 opytno-konstruktorskih rabot v
Respublike Kazahstan (2020). Statisticheskij bjulleten’.

19. Denisova, O.K. (2012). Problemy
formirovanija intellektual’nogo potenciala nacii kak
uslovie razvitija jekonomiki znanij strany. «Vestnik
Innovacionnogo Evrazijskogo universitetay, Ne3.

20.  Morrison, V. (2018). Science, Technology,
and Society Studies: Encyclopedia of the Anthropocene.
Elsevier Inc., 331-337.

21. Bozeman, B., Youtie, J. (2017). Socio-
economic impacts and public value of government-
funded research: Lessons from four US National
Science Foundation initiatives. Res. Policy. Elsevier.
Vol. 46, Ne§, 1387-1398.

22. Madurai, R., Pugazhendhi, R. (2020).
Science of the Total Environment Restructured society
and environment: A review on potential technological
strategies to control the COVID-19 pandemic. Sci. Total
Environ. Elsevier B.V, 138-858.

Information about the authors

* Dinara M. Mussayeva - Institute of Economics of the Committee of Science of the Ministry of Education and
Science of the Republic of Kazakhstan, e-mail: d_i_n_mus@mail.ru. ORCID ID: https://orcid.org/0000-0002-8349-

213X

Gulnaz Zh. Alibekova — PhD, Institute of Economics of the Committee of Science of the Ministry of Education
and Science of the Republic of Kazakhstan, e-mail: g_alibekova@mail.ru. ORCID ID: https://orcid.org/0000-0003-

3498-7926

Tunc I. Medeni — PhD, ass. professor, Ankara Yildirim Beyazit University, Turkey, e-mail: tuncmedeni@gmail.com.

ORCID ID: https://orcid.org/0000-0002-2964-3320

Dabylova I. Malika — PhD student, Al Farabi Kazakh National University, e-mail: malika.dabylova@gmail.com.

ORCID ID: https://orcid.org/0000-0002-1605-2054

92 Dxomomuka: ctparerus u npaktuka. T. 16, Ne 3, 2021 / Economics: the strategy and practice Vol. 16. No 3, 2021



NMHHOBAIINN, MTHHOBALIMOHHO-TEXHOJIOI MYECKOE PASBUTHUE, IUD®POBU3ALINA
ABTOpJIap TypaJbl MaJIiMeTTep
* MycaeBa [unapa MyxaMmeI:KaHKBI3bI - FRUIBIMH bI3MeTKepi Kaszakcran PecmyOmukacel bimiM koHE FBUTBIM

MUHHUCTPIITT FRIIBIM KOMHUTETIHIH DKOHOMHUKA HHCTUTYTHI, e-mail: d_i n_mus@mail.ru, ORCID ID: https://orcid.
org/0000-0002-8349-213X

AnnbexoBa I'yrbna3 ’KanaroBHa — sketekmi FeuibIMH KbidmeTkep, PhD, Kasakcran PecrnyOnukackr binim sxoHe
FBUIBIM MUHHUCTPIIT] FBIIIBIM KOMUTETIHIH DKOHOMHKA HHCTUTYTHI, e-mail: g_alibekova@mail.ru. ORCID ID: https:/
orcid.org/0000-0003-3498-7926

Tunc Medeni - Ankara Yildirim Beyazit University, Typkwust, e-mail: tuncmedeni@gmail.com. ORCID ID: https://
orcid.org/0000-0002-2964-3320

JaosrioBa Mamuka HMcembaeBHa - ar. on-®Papabu Kaszak ynrreiK yHuBepcuteri, Kasaxcran, e-mail: malika.
dabylova@gmail.com. ORCID ID: https://orcid.org/0000-0002-1605-2054

CaeeHusid aBTopax

* Mycaea [Iunapa MyxameIsKaHKbI3bI —  Hay4HbIi coTpynHuk, MHctutyT skoHomuku Komwurera Hayku
MunncrepctBa o0pazoBanus u Hayku Pecrryonmkn Kaszaxcran, e-mail: d_i_n_mus@mail.ru. ORCID ID: https://orcid.
org/0000-0002-8349-213

AnunbexoBa I'yabnas KanaroBua — PhD, VnctutyT sxoHOMuKH Komurera Haykn MuHHCTEpCTBA 00pa3oBaHUs U
Hayku PecryOnmuku Kaszaxcran, Beqymumii HaydHblii cOTpyaHHK, e-mail: g_alibekova@mail.ru. ORCID ID: https://
orcid.org/0000-0003-3498-7926

Tunc Medeni - Ankara Yildirim Beyazit University, Typmus, e-mail: tuncmedeni@gmail.com. ORCID ID: https://
orcid.org/0000-0002-2964-3320

Jadbr10Ba Masnnka Ucemb6aeBHa - Kazaxckuil HaMoHambHbIH yHUBEpCcUTET MM. anb-Dapadu, Kazaxcran, e-mail:
malika.dabylova@gmail.com. ORCID ID: https://orcid.org/0000-0002-1605-2054

DkoHOMEKA: cTpaTerus u mpaktuka. T. 16, Ne 3, 2021 / Economics: the strategy and practice Vol. 16. No 3, 2021 93



