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ABSTRACT

Globally, universities play a key role in developing and commercializing new technologies through research
and development (R&D) support. However, Kazakhstan faces several challenges, including financial con-
straints, outdated scientific infrastructure, and weak links between universities and industry. This study
aims to provide a comprehensive analysis of the key factors affecting R&D support in Kazakhstan and to
identify the main financial, infrastructural, and institutional challenges that hinder the efficient use of R&D
resources. The study used bibliometric data analysis using VOSviewer and qualitative interview analysis
using Atlas.ti software. Primary data were collected through interviews with experts from various higher
education institutions in Kazakhstan. The analysis focused on aspects such as R&D financing, the state
of scientific infrastructure, interaction with business, and barriers for young scientists. The results of the
study show that financial constraints have a significant impact on infrastructure upgrades and project
deadlines. Business integration correlates positively with R&D commercialization (r = 0.848) but remains
weak due to structural barriers. Budgetary inflexibility hinders efforts to modernize infrastructure and
digitize processes, while insufficient support for young scientists increases the problem of staff retention.
Expert assessments demonstrate a negative perception of infrastructure accessibility (-0.421) and predict-
ability of funding among most academic positions. Future research should focus on developing adaptive
financing models and studying the international interaction experience between universities and industry
to strengthen the innovation ecosystem of Kazakhstan.
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UccnepoBaHne BOCNPUATUA Ka3aXCTaHCKUMU BY3amu
¢duHaHCcoBbIX MHCTPYMeHTOB noaaep*XKu HUOKP

TypruH6aeBa A.H.**
*UHcmumym skoHomuku KH MHBO PK, yn. llesyeHko 28, Aamamel, KazaxcmaH
Ons uutuposauua: TypruHb6aesa A.H. (2024). UccnepoBaHve BOCNPUATUA KasaxCTaHCKMMKU BY3amu dpuHaHcoBbIX

MHCTPYMeHTOB noaaepxkn HUOKP. DkoHoMUKa: cTpaTerna n npaktuka, 19(4), 6-19, https://doi.org/10.51176/1997-
9967-2024-4-6-19

AHHOTALMUA

B rnobasbHOM maclitabe yHUBEPCUTETbI UTPAIOT KAKOYEBYIO POJIb B pa3paboTke M KOMMepLManusauum
HOBbIX TEXHO/IOTMA MOCPEACTBOM MOAAEPHKKM Hay4YHO-UCCNeaoBaTeNbCKoM peatensHoctu (HUOKP).
OpHako KasaxcTaH CcTasiKMBaeTca ¢ pAgomM npobsiem, BKAOYas pUHAHCOBbIE OFPaHUYEHUS, YCTapPEBLLYIO
Hay4YHy0 MHPPACTPYKTYPY U Cabble CBA3M MEXAY YHUBEPCUTETAMU U UHAYCTPUEN. Lieiblo JaHHOV cTaTbu
ABNAETCA NPOBEAEHME KOMIMIEKCHOIO aHaAn3a KatodeBbix GakTopoB, BAUAOLWUX HA noaaep:kky HUOKP B
KasaxcTaHe, a TaK»Ke Ha BblABAEHME OCHOBHbIX PUHAHCOBBIX, MHPPACTPYKTYPHBIX U MHCTUTYLMOHANbHbIX
b6apbepos, npenaTcTBytoWwmMx 3¢pGEKTMBHOMY MCNONb30BaHWIO pecypcoB HUOKP. B pamkax AaHHOro
UccnefoBaHUA MCMONb30BAIUCL MeToAbl OMONMOMETPUYECKOro aHaiM3a AaHHbIX C NPUMEHEHWem
nporpammbl VOSviewer, a Tak¥e KayeCTBEHHOro aHa/sn3a MHTepPBbo C UCMoNb3oBaHMeMm Atlas.ti. OcHoB-
Hble AlaHHble 6bl1M CObpPaHbI NyTeM NPOBEAEHUA MHTEPBbLIO C SKCNEPTaMU U3 PA3/IMYHbIX BbICLUMX y4eOHbIX
3aBefeHuMM KasaxcTaHa. AHann3 Bbian COCPeAOTOYEH Ha TaKMX acrneKkTax, Kak ¢uHaHcuposaHne HUOKP,
COCTOSIHME Hay4yHOM MHPPACTPYKTYPbl, B3aMMOAENCTBUE C BU3HECOM M Bapbepbl A8 MONOAbIX YYEHbIX.
Pe3synbTaTbl uccnenoBaHUA MOKasblBAlOT, YTO GUHAHCOBbIE OrPaHUMYEHUA OKasblBalOT 3HAYMTEbHOE
B/IMAHWE HA MOAEPHU3ALMI0 MHOPACTPYKTYPbI M COBNI0AEHUE CPOKOB peanunsaLmm NPpoeKkToB. MHTerpaums
H6U3HEeCa NONOKNUTENBHO KOPPENUPYET C KomMmepLmanusaumnen HUOKP (r=0,848), oaHaKo ocTaeTcA cnaboit
13-33 CTPYKTYpHbIX 6apbepoB. BlogykeTHas HErMHGKOCTb NPenATCTBYET MOAEPHU3aLMKU UHPACTPYKTYPbI
1 uMdpoBM3aLMM NPOLLECCOB, B TO BPEMA KAaK HEAOCTATOYHAA NOAAEPKKA MONOAbIX YYEHbIX YCUANBAET
npobaemy yaepxaHua Kagpos. OLeHKM 9KCNepToB AEMOHCTPUPYHOT HEFraTUBHOE BOCMPUATUE AOCTYNHOCTH
MHpacTpyKTypbl (-0,421) M npenckazyeMocT GUHAHCMPOBAHUA cpeamn BONbLIMHCTBA aKageMUYEeCcKUX
nosvuun. byayuwme mnccnefoBaHMA A0NXKHbI ObiTb HanpaBaeHbl Ha Pa3paboOTKy afanTUBHbLIX Mogenei
OUMHAHCMPOBAHMA, a TaKXKe M3yYeHWe MeXKAYHapoAHOro onbiTa B3aMMOAEWCTBUA YHUBEPCUTETOB U
WMHAYCTPUN ANA YKPENIeHUa MHHOBaLMOHHOW aKocucTemMbl KasaxcTaHa.

KJTKOYEBbLIE C/IOBA: HayKa, dMHAHCUpOBaHME HAyKKN, MHOPACTPYKTypHasA noaaepKKa, yHUBEPCUTETDI,
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INTRODUCTION

Globally, universities serve as key hubs for
developing and commercializing new technologies
through strengthening research and development
(further - R&D) support. Countries such as the USA,
Germany, and South Korea have developed strong
mechanisms for integrating research in universities
with industry needs to commercialize R&D results
effectively. Such cooperation becomes the engine
for developing and promoting higher educational
institutions’ R&D activity commercialization, de-
veloping national innovation ecosystems, and con-
tributing significantly to GDP. In Europe, the sig-
nificant role of R&D activity is promoted through
collaborative research projects such as the Horizon
Europe framework for R&D activities co-financing.

The interaction between the academic environ-
ment, industry, and government institutions is con-
sidered the most important factor in contributing to
scientific progress and creating competitive econo-
mies. Effective R&D support mechanisms, including
financing models, infrastructure modernization, and
digitalization, form the basis for increased scientific
productivity and the transformation of knowledge
into economic outcomes (Lewis, 2000; Cabrer-Bor-
ras & Serrano-Domingo, 2007). Research shows that
various R&D financing models have advantages and
disadvantages, such as broad-block funding, com-
petitive grants, and targeted investments in priority
areas (Geuna & Muscio, 2009; Perkmann & Walsh,
2007; Cai & Liu, 2015). Despite significant public
and private investment in science and innovation
systems worldwide, challenges remain, particular-
ly in countries with transition economies. Limited
funding, outdated scientific infrastructure, and weak
integration of fundamental and applied research hin-
der the modernization of the scientific system and
increase the country’s international competitiveness
(Orynbasarova et al., 2017; Dnishev et al., 2022).

However, in Kazakhstan, some challenges ne-
cessitate targeted support for R&D activities in uni-
versities. According to national statistics, the share
of gross domestic expenditure on research and de-
velopment (GERD) relative to GDP remains rather
low. In 2023, R&D expenditure in Kazakhstan ac-
counted for only 0.13% of GDP, significantly below
the OECD average of 2.68%. Moreover, universities
face limited opportunities to finance research inde-
pendently due to low internal expenditures on R&D
activities. The share of higher education and science
in Kazakhstan’s GDP also remains modest. First of
all, there is a gap in the country’s ability to utilize the
economic potential of its research institutions fully.
Therefore, financial mechanisms, flexible budget-

ary processes, and strengthened industry-university
linkages are of high importance for R&D support in
the higher education sector. Moreover, science and
education are one of the drivers of human capital de-
velopment and technological progress. In addition,
there are no scientific papers in this literature aimed
at identifying barriers to effective R&D support in
Kazakhstan.

Addressing the barriers that impede the ef-
fectiveness of R&D support requires a complex
approach to unlocking Kazakhstan’s research eco-
system’s full economic potential. This study aims to
provide a comprehensive analysis of the key factors
affecting R&D support in Kazakhstan and identify
the main financial, infrastructural, and institutional
challenges that hinder the efficient use of R&D re-
sources. This work seeks to fill the existing scientific
gap and offer recommendations aimed at improving
the level of development of science and scientific
infrastructure.

LITERATURE REVIEW

Research in the field of R&D support highlights
the importance of interaction between academic and
industrial environments in ensuring sustainable de-
velopment. Governments, the private sector, and
international organizations play a significant role
in funding science, but mechanisms and outcomes
vary widely. Scientists point out the significance of
interregional networks and public investment as key
factors in providing access to R&D and stimulating
innovative potential (Lewis, 2000; Cabrer-Borras
& Serrano-Domingo, 2007). In addition, several re-
searchers have emphasized the importance of var-
ious factors for regional innovation. These include
the size of the innovation network, public invest-
ment in R&D, and the relationship between univer-
sities (Perkmann & Walsh, 2007; Cai & Liu, 2015).

Some scientific studies have focused on R&D
financing as one of the key factors influencing the
success of scientific projects (Segooa & Kalema,
2019; Yu & Liu, 2017). Liefner (2003) further high-
lights that performance in research can improve
with adequate funding and proper incentives, pro-
vided that research teams possess the necessary
skills. However, Tammi (2009) suggested that ex-
cessive industrial funding may negatively affect re-
search performance due to factors such as a focus
on short-term objectives, biased resource allocation,
or limitations on disseminating knowledge. Public
funding is a cornerstone of scientific research, of-
ten justified by its significant societal benefits, in-
cluding advancements in health and contributions to
economic growth (Szarowska, 2018; Weinryb et al.,
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2018). It remains the primary source of income for
public universities, but growing demands and limit-
ed resources have prompted governments to explore
alternative funding methods and encourage univer-
sities to diversify their income sources. However,
the ongoing crisis of the welfare state has intensified
concerns about the sustainability of relying heavily
on public funding for higher education. In response,
many Western governments have attempted to curb
the growth of public spending while seeking inno-
vative ways to support the financial needs of univer-
sities (Teixeira & Koryakina, 2013). In Kazakhstan,
similar problems lead to insufficient modernization
of scientific infrastructure and the limitation of
large-scale research.

Scientific infrastructure is an essential pre-
requisite for successful R&D. However, the lack
of modern material and technical resources limits
the ability of universities to conduct advanced re-
search. Minguilla and Thelwall (2015) emphasized
the importance of infrastructure modernization,
pointing to the need for investment in equipment
and the creation of specialized research centers to
improve scientific performance. Wang et al. (2018)
considered how to incentivize productive and inno-
vative research best while effectively documenting
the returns on public funding. They highlight three
funding models: broad block funding for research
(e.g., the German model), competitive project-lev-
el grants (e.g., the US model), and university-level
competition for differential block funding (e.g., the
UK model). For example, the American model of
competitive financing at the project level focuses on
short-term achievements and high results, but this
approach has a downside, including significant ad-
ministrative costs for preparing applications and un-
stable financing (Geuna & Muscio, 2009). In turn,
the British model allows for the effective allocation
of resources depending on the quality and signifi-
cance of the scientific activity. However, it also
leads to discussions about the increased burden on
researchers and university administration (Whitley
& Glaser, 2014). Furthermore, Germany’s broad
block financing characteristic contributes to stabil-
ity and long-term research planning, allowing uni-
versities to focus on strategic priorities. However,
this model may reduce competitiveness due to a lack
of fierce competition for resources (Wagner et al.,
2015).

Many public research councils and founda-
tions have more actively directed their grant allo-
cations towards specific priority areas and research
challenges. While these choices are occasionally
based on the intellectual importance and potential
of the research, they are increasingly aligned with
public policy goals set by governments (Whitley et

al., 2018). Di Carlo et al. (2019) claimed that us-
ing the ratio of income generated by universities
through competitive research grants, contracts, and
tuition fees can improve universities’ financial ca-
pacity. In contrast, Laird (2020) critiques the mod-
el for its inability to evolve, which has resulted in
an imbalance that prioritizes large-scale research
programs over smaller, potentially transformative
projects. Moreover, he emphasized that universities
have overextended their research capacities, leading
to inefficiencies and fiscal instability.

Many scientific studies emphasize the impor-
tance of university cooperation as one of the crit-
ical factors contributing to the commercialization
of scientific research and innovative development.
This process is vital in transforming knowledge and
technology from the academic environment into
economic value, strengthening national economies’
competitiveness (Etzkowitz & Leydesdorft, 2000).
However, research points out many challenges and
limitations associated with implementing such part-
nerships. According to Percamn et al. (2012), many
projects face difficulties due to a lack of sustainable
partnerships. Researchers note that imperfections
in national innovation policies can increase con-
straints at the micro-level, particularly in countries
with transition economies (Muscio, 2013). Industry
funding focuses on applied research with commer-
cial potential. Companies finance university re-
search when they benefit from it (Perkmann et al.,
2013; Quapp & Holschemacher, 2016).

Digitalization is considered an essential tool
for modernizing the scientific field. It provides new
opportunities to improve resource management effi-
ciency. Many universities, especially those in coun-
tries with limited science budgets, face a lack of
funds to purchase and maintain digital infrastructure
(Knowles et al., 2021). Many research teams are not
ready to implement new technologies due to insuf-
ficient digital literacy (Ali et al., 2023). In addition,
the complexity of integrating new technologies into
existing university and research centre processes
also hinders widespread adoption of digital solu-
tions. Using cloud technologies and digital data-
bases, such as Scopus or WoS, simplifies access to
information and reduces the need for expensive ma-
terial resources (Stukalova & Guskov, 2016). The
financial support mechanism for R&D, as described
by Hreben et al. (2019), involves several critical
components designed to optimize the allocation and
use of budgetary funds. A key aspect is the control
mechanism, which links funding allocation to re-
search performance through tools such as financial
control and IT auditing. Implementation relies on IT
auditing to analyze research data, as well as inter-
national rankings and publication metrics to assess
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results. Addressing these issues through systematic
IT auditing and adherence to global standards could
significantly improve research quality.

In the context of Kazakhstan, the relevance of
choosing an effective financing model is due to the
need to modernize the scientific system and increase
its international competitiveness. One of the key
problems is the limited amount of funding, which
leads to weak mobility of scientists and insufficient
integration of fundamental research into applied re-
search. Thus, many studies by Kazakh scientists are
mainly aimed at assessing the current state of the
research infrastructure, the level of R&D funding,
and the analysis of factors influencing innovation
activity (Orynbassarova et al., 2017; Dnishev et al.,
2022; Doshmanova et al., 2024).

A literature review has shown the existence
of various R&D support mechanisms and their im-
portance for innovative development and economic
growth. The analysis focuses on the critical role of
the state, the academic community, and business in
stimulating science and the importance of financing.
Investments in digitalization and the creation of re-
search centers play a key role in increasing scien-
tific productivity and competitiveness on the inter-
national stage. Digital tools like cloud technologies
and international databases like Scopus and Web of
Science open new possibilities to improve research
efficiency. Kazakhstan needs to find an effective
funding model to modernize the scientific system
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and enhance international competitiveness, which
requires further study.

The review of the aforementioned scientific
research identified various approaches to R&D sup-
port and their significance for the national economy.
In general, several studies focused on the signifi-
cance of government support for academic commu-
nities through government funding. Other studies
highlighted the role of investment in digitalization
and the establishment of research centers as crucial
factors contributing to scientific productivity growth
and enhancement of international competitiveness.
It should be noted that digital tools and ranking da-
tabases are essential. For Kazakhstan, finding an
optimal financing model for modernizing its scien-
tific system and enhancing its position on the global
stage remains a pressing task, which necessitates
further theoretical and empirical investigation.

This paper used the Scopus database to select
key variables that influence R&D development. As
a result, the analysis of scientific documents cov-
ered the period from 2010 to 2024. However, the
greatest intensity of research materials was noted
during the period from 2017 to 2021. The sample
results showed that journal articles accounted for
the largest share of publications, with a total number
exceeding 1,500 documents; scientific conference
materials were less than 300.

Figure 1 shows cluster networks of bibliometric
materials based on the use of VOSviewer.
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Figure 1. Bibliometric network map of keywords

compiled by the author based on VOSviewer
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Type 1 keywords were used within the broad-
er context of research funding to retrieve meta-in-
formation from Scopus. The query included terms
such as {science}, {research}, {funding}, {finan-
cial tool}, {university}, {R&D}, {financial instru-
ments}, and {higher education}. In the network
visualization results, elements are represented as la-
beled circles, where the size of the labels indicates
the weight of connections between key terms. The
analysis identified six distinct cluster groups, co-
lour-coded for clarity: (1) blue cluster: funding; (2)
green cluster: innovation and technology; (3) red
cluster: research and development; (4) yellow clus-
ter: science policy and public funding; (5) orange
cluster: open science and integrity; (6) purple clus-
ter: research evaluation and policy.

The visualization is a bibliometric network
map illustrating the relationships among various
topics related to science and R&D, representing
thematic groupings derived from the relationships
and density of keywords. The primary nodes are
{funding} (blue) and {research funding} (purple),
which serve as the foundation for all clusters and
highlight their central role in the system of scien-
tific funding. The yellow cluster, {science policy},
also holds significant importance due to its connec-
tion with government policies and public funding.
The blue cluster focuses on the overarching theme
of funding and grant support for scientific research.
It emphasizes issues such as research management,
transparency, and the practical implementation of
scientific projects. The purple cluster is dedicated to
research funding, with a particular focus on evalu-
ation, cthical integrity, and openness. It highlights
mechanisms for assessing research quality and en-
suring the accessibility of results to a broader au-
dience. Specific nodes, such as {mutual fund} and
{efficiency}, are located on the periphery, reflect-

Table 1. Interviews analysis results

MHHOBAIIMU U LTUOPOBA A S5KOHOMUKA

ing their specialized nature compared to the central
themes. The visualization demonstrates that funding
plays a pivotal role in connecting innovation, policy,
and research quality evaluation. Additionally, topics
related to accountability, open science practices, and
governance emerge as critical factors influencing
the efficiency and transparency of research funding
processes.

RESEARCH METHODS

The conducted analysis was based on the appli-
cation of software for qualitative data analysis. First
of all, Atlas. ti a tool for qualitative data analysis
was applied for processing interviews and involved
a coding process. The main task was to process large
volumes of textual information and to ensure trans-
parency and flexibility. Based on the analysis, key
topics were identified for further research. In order
to set the focus on coding and subsequent stages of
the analysis, the objectives and research questions
were developed. Next, a set of codes was devel-
oped, in addition to pre-defined categories, as the
result of analyzing theoretical concepts and antici-
pated themes identified in the literature. As the main
reference to the research design, research articles
describing qualitative approaches were used as ref-
erence sources, including the work of Perkmann et
al. (2013), Quapp and Holschemacher (2016), and
Knowles et al. (2021).

The coding process used an inductive-de-
ductive approach, with some codes and categories
pre-defined and others emerging during the analysis
based on new data and their interpretation. In At-
las. ti, a coding structure was created that included
both broad, general categories and narrower,
more detailed themes (Table 1).

Coding Description and rationale
State funding of R&D Effectiveness and factors of public funding of R&D
Transparency and im- Transparency in public administration is important, as it supports codes related to
provement D.

Flexibility in spending

Need for flexibility in spending to adapt to changes in R&D management.

Corruption risks
tion risks in R&D.

The impact of corruption on economic development applies to the analysis of corrup-

Private funding of R&D

Role of private funding and its limitations in academic research.

Commercialization of
R&D

Barriers and opportunities for commercialization of R&D

Business partners

Role of business partners and their influence on university research priorities.

Infrastructure solutions

Need for infrastructure investments to support R&D.

Opportunities for young
scientists

for support.

Limitations and opportunities for young scientists in academia, emphasizing the need
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Requirements for publica-
tions

Assessment of publication requirements and their impact on academic careers.

Retention of specialists

The difficulties of retaining specialists in a highly competitive academic environment.

Revision of requirements

Need to revise requirements to adapt the scientific environment to modern conditions.

Interdisciplinary research

The role of an interdisciplinary approach to R&D and its impact on scientific progress.

Internal funding

Motivation of universities for internal funding to support R&D.

International funding

Role of international sources for R&D support.

Adaptation of foreign
models

Role of adapting successful foreign models to the local context.

Digitalization of processes
technologies.

The impact of digitalization on R&D processes emphasizes the need to adapt to digital

Scientific infrastructure

The importance of a developed scientific infrastructure to ensure effective R&D.

Note: complied based on Perkmann et al. (2013); Quapp & Holschemacher, 2016; Knowles et al. (2021)

After the development of factors and coding,
the variables were categorized and grouped into larg-
er groups to help structure the data and identify key
areas of analysis. Based on the approach described
in the work of Levins and Silver (2007). There were
interviewed 15 experts from 15 higher educational
institutions, including research organizations (such
as South Kazakhstan University, Kazakh National
University named after Al-Farabi, and the Institute
of Geography), among others. The respondents’ se-
lection was based on their roles spanning key areas
of research management and academic leadership.
They hold academic and administrative positions
(professors, associate professors, deans, department
heads, and laboratory heads), providing a complex
perspective on the factors of R&D support in uni-
versities. The respondents’ positions were applied as
the main categorical factors for the analysis provi-

Aim and
researching
issues

sion. They were coded as 1 — Associate Professor, 2
— Head of Department, 3 — Professor, and 4 — Dean/
Laboratory Head, ensuring a structured approach to
examine differences across respondent roles. The
respondents were 37 to 67 years old, with R&D
management experience varying from 5 to 30 years,
reflecting a well-balanced mix of mid-career and se-
nior-level professionals. The rationale for selecting
15 respondents was to ensure the inclusion of ex-
perts from various universities with diverse academ-
ic, administrative, and research backgrounds. This
diversity provides a holistic view of the barriers and
opportunities within Kazakhstan’s R&D system, of-
fering insights from a broad spectrum of institution-
al and professional perspectives.
The research comprised four main stages for
deeper building proposition analysis (Figure 2).

« Providing goals and key issue

+ Offering an initial set of codes

« Bibliometric analysis of literature
+ Using VOSViewer

« Selection and preparation of analysis tools

Selection + Development of the coding structure
methods + Using inductive-deductive approach
« Categorization and thematic grouping
The main
stages of [l
the study
O 4 « 15 experts participated in the study
9 + Conducting an in-depth interview
- + Raincloud analysis
« Correlation analysis (Atlas.ti)
« Interpretation of the obtained results
04 « Distribution of expert assessments (JASP)
. « Correlation matrix of assessments (Python)

» Substantiation of conclusions

Figure 2. The steps of conducting scientific research
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The study was conducted in several successive
stages, each with a clear methodological basis and
analytical focus. The initial stage was the definition
of goals and research issues, which allowed us to
lay a theoretical foundation and propose an initial
set of codes. Bibliometric analysis of literature us-
ing specialized software was used to systematize
the information. Analytical tools were selected and
prepared at the next stage, providing a structured
data processing approach. The coding process was
based on an inductive-deductive approach, making
it possible to combine predefined theoretical catego-
ries with topics that arise while analyzing new data.
Data was collected through in-depth interviews with
experts from higher education institutions and re-
search organizations. Subsequently, the data were
subjected to in-depth analysis, including visualiza-
tion of the distribution of factors and assessment of
their relationship using correlation analysis. Rain-
clouds were used to visualize the distribution and
density of key R&D support and negative factors

across different categories. Correlation matrix for
propositions check was conducted to analyze the
strength and direction of relationships between key
factors influencing R&D support. At the final stage,
the results were interpreted, taking into account the
theoretical context and empirical data. The main
purpose was to detect interdependencies between
financial constraints, business integration, scientific
infrastructure, and process digitalization, helping to
confirm or refute theoretical assumptions about their
interactions and impacts on research performance.

RESULTS

The analysis explores the distribution of key
factors influencing project implementation based on
academic positions. Five core dimensions were an-
alyzed to identify variations in perception of these
factors across academic roles and uncover underly-
ing issues critical to effectively realizing research
and development (R&D) projects.

Table 2. Factor loadings for key R&D support and barrier factors

VEIEED G SII)’lli.:l?aacrtir n v%l:)ivsvlf:r perzcsetlllltile RSO per7c5etnhtile vgllglf:r
1 7 -0.421 -0.421 -0.421 -0.421 -0.421
Infrastr_Support_1
2 4 -0.421 -0.421 -0.421 0.131 0.131
3 5 -0.421 -0.421 -0.421 -0.421 -0.421
Financial_1 1 7 0.869 0.869 0.869 0.869 0.869
2 4 -2.321 -2.321 0.869 0.869 0.869
3 5 0.869 0.869 0.869 0.869 0.869
Financial 2 1 7 -0.877 -0.877 -0.877 -0.877 -0.877
2 4 -0.877 -0.877 -0.877 -0.217 -0.217
3 5 -0.877 -0.877 -0.877 -0.877 -0.877
Interdiscip_Adap 1 1 7 0.336 0.336 0.336 0.336 0.336
2 4 0.336 0.336 0.336 0.336 0.336
3 5 0.336 0.336 0.336 0.336 0.336
Business_Integ 1 1 7 0.478 0.478 0.478 0.478 0.478
2 4 -0.986 -0.701 -0.065 0.478 0.478
3 5 -3.155 -0.986 0.478 0.478 0.478

Note: complied based on calculations

Infrastructure and Support — there were ob-
served low scores in majority of the positions. In
particulsr, the scores for Professors and Associate
Professors (-0.421), score reflects dissatisfaction
with infrastructure availability and existing support
mechanisms. Nevertheless, according to the scores
for Heads of Departments, there was observed a
slight deviation, which could be explained as this

group perceives more favorable conditions. Re-
vealed results confirmed that there exists unequal
access to infrastructure within various hierarchical
levels. In this case, management roles, including
department heads, are expected to have accessibil-
ity and opportunity to make decisions in resources
distribution.
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Financial Factors 1 — factors explains the per-
ceptions of general financial flexibility and avail-
ability of financial support. The results for Associ-
ate Professors and Professors showed that they are
satisfied with available financial support for their
projects, assuming, based on stable positive values
(0.869). Notwithstanding, the results range (from
-2.321 to 0.869) for Heads of Departments, showed
that there are mixed experiences, with financial
challenges and restruictions for this group. As re-
vealed, there are dual responsibilities for managing
positions, which include the duties related to both
academic and administrative tasks. Thus, it could
draw unfavorable environment and therefore have
more direct impact of funding irregularities.

Financial Factors 2 — set of factors reflects
a narrower aspect of financial conditions. Both Pro-
fessors and Associate Professors reported negative
values (-0.877), which revealed existance of sys-
temic issues with funding predictability or sufficien-
cy for project implementation. In contrast, thyere
was observed a slight improvement for Heads of
Departments scores (-0.217). In other words, de-
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spite existing challenges, there is access to alterna-
tive financial sources or mechanisms.

A relatively stable understanding of the Inter-
disciplinarity and Adaptation factor was observed
in all positions. Therefore, cross-disciplinary and
adaptation to emerging research environments with
0.336 consistent values. It must be regarded, that
stability also reflects stagnation. Therefore, exist-
ing mechanisms,which supported interdisciplinarity
still need to be utilized or more supported across all
managing positions.

The Business Integration factor showed there
was a prominent variability in scores. Professors
and Associate Professors showed positive scores
(0.478). On the ccontrary, Heads of Departments
report broader variability, with negative values
(-0.986), showed there is inconsistent experience
with integrating business into R&D processes.
Therefore, collaboration between academia and in-
dustry is affected by barrier related to hierarchy or
organization structure.

Next, in Figure 3, rain clouds are in the catego-
ries of analyzed factors.
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Figure 3. Distribution of expert assessments on key R&D factors

Note: complied based on JASP calculations
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The analysis of the raincloud plots revealed
differences in perceptions of key factors across the
identified academic positions. The factor Infrastruc-
ture and Support showed that lecturers and profes-
sors consistently expressed negative evaluations, re-
flecting dissatisfaction with available resources and
support systems. Heads of departments demonstrat-
ed mixed perceptions, with some outliers indicating
localized adequacy or partial satisfaction.

For Financial Factors 1, heads of departments
exhibited significant variability, with extreme neg-
ative values highlighting pronounced challenges in
financial flexibility and funding support. Lecturers
presented relatively stable but predominantly neg-
ative perceptions, while professors maintained a
neutral to slightly negative outlook, suggesting a
more tempered view. Meanwhile, Financial Factors
2 indicated that lecturers held a concentrated but
predominantly positive evaluation, reflecting con-
fidence in certain funding sources such as internal
and international channels. Heads of departments
expressed moderate concerns, whereas professors
remained neutral, potentially reflecting limited en-
gagement with or reliance on these financial mech-
anisms.

Regarding interdisciplinarity and adaptation,
lecturers reported concentrated negative percep-

tions, indicating challenges in interdisciplinary
research and adaptation of foreign models. Heads
of laboratories and departments displayed neutral
tendencies, while professors showed slightly more
positive alignment, which may have reflected great-
er opportunities for collaboration or adaptability at
senior levels. Lastly, Business Integration highlight-
ed broad challenges for professors, who exhibited
a wider range of negative perceptions regarding
business collaboration and commercialization pro-
cesses. Heads of departments demonstrated moder-
ate variability, while lecturers remained neutral to
slightly negative, indicating limited involvement or
awareness of these processes.

Overall, the analysis suggested that lectur-
ers consistently faced significant challenges across
most factors, particularly in infrastructure, support,
and interdisciplinary engagement. Heads of depart-
ments experienced pronounced variability, reflect-
ing differing local conditions or responsibilities.
Professors and deans demonstrated relatively neu-
tral trends, although challenges persisted in adapt-
ing research outcomes to business contexts. These
results underscored the need for differentiated strat-
egies based on academic position to address finan-
cial mechanisms, infrastructure, and collaborative
opportunities.

Table 3. Integrated factors influencing R&D support in universities

low access to external funds.

Category Factor Key issues Impact/Dependency
Financial Factors | State R&D funding; Limited flexibility in expen- | Funding availability influences
private R&D funding; inter- | ditures; infrastructure and research
national R&D funding. bureaucratic delays; quality.

Infrastructure
Support

Material-technical base;
scientific infrastructure.

Outdated equipment;
insufficient resources for
modernization.

Strongly dependent on internal
and external funding sources.

Human Resource
Support

Personnel retention;
young scientists’ opportu-
nities;

motivation to publish.

Lack of career stability;
low motivation for publica-
tions.

Affected by financial resources
and academic workload.

Barriers and Con-
straints

Bureaucratic risks; publica-
tion requirements.

Administrative inefficiencies;
pressure for publications;

Limits overall research produc-
tivity and financial manage-
ment.

Business Integra-
tion

Role of business partners;
R&D commercialization;
successful collaboration.

Limited market implemen-
tation;

focus on short-term applied
research.

Depends on partnerships and
funding flexibility.

Flexibility in Ex-
penditures

Internal funding;
spending flexibility.

Fixed budget structures;
delays in resource allocation.

Influences infrastructure devel-
opment and research progress.

Note: compiled based on calculations
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The primary factors influencing R&D support
in universities were identified. The limited avail-
ability of international funding and bureaucratic
barriers to the attraction of external resources, which
in turn restricts opportunities for the modernization
of infrastructure and the provision of large-scale re-
search projects. At the same time, weak engagement
of business partners and a focus on short-term goals
limit the potential for commercialization, blocking
the market implementation and long-term adoption
of research innovations.

Additionally, strict budget structures and de-
lays in resource allocation have a negative impact
on the provision of timely resources, slowing down
both the development of scientific infrastructure and
the realization of promising initiatives. Another is-

sue is insufficient support for young scientists, and
the absence of retention programs exacerbates staff
turnover, which results in the loss of continuity and
valuable expertise within research teams or educa-
tional institutions on the whole.

It is also worth noting that inflexible financial
policies and administrative inefficiencies amplify
financial constraints, impeding the equitable distri-
bution of resources and increasing the burden on re-
search groups; simultaneously, the pressure to meet
publication requirements shifts the focus from the
quality of research to quantitative outputs, under-
mining scientific productivity and the innovation
potential of universities.

In Figure 4, correlation analysis for proposi-
tion checking is provided.

Correlation Heatmap with Updated Final Labels
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Figure 4. Correlation matrix of expert assessments on R&D support factors

Note: compiled based on Python

Some propositions needed to be confirmed,
and some showed an insignificant relationship.

The following relationships were not con-
firmed as reflected no or very weak correlation.
First, the Connection between scientific infrastruc-
ture and business integration showed a weak cor-

relation between Scientific Infrastructure and Busi-
ness Integration (-0.127) or a negligible influence
of infrastructure on business interactions. Secondly,
the correlation between the Role of interdisciplinari-
ty and R&D_Commercialization (0.097) is very low
as well. Thirdly, Financial constraints and business
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integration showed no dependency due to a weak
correlation (0.089, Financial Factors 2 and Busi-
ness Integration).

Apart from a weak or no relationship, the Im-
pact of digitalization on deadlines showed a strong
but negative relationship and adverse effects or sys-
temic issues, which also was not aligned with the
provided proposition.

The following correlation matrix results sup-
ported the provided propositions and showed a pos-
itive effect. Scientific infrastructure was positively
correlated with interdisciplinarity (0.917), confirm-
ing the influence of advanced infrastructure on
fostering interdisciplinary research. Next, business
integration and R&D commercialization showed
a high positive correlation (0.848), indicating that
successful collaboration with business partners con-
tributes to the implementation of research results.

The following group of relationships support-
ed the provided propositions but showed negative
effects. First, Financial constraints (Financial Fac-
tors_2) had a strong negative impact on scientific
infrastructure (-0.974), marking the dependence of
infrastructure modernization on international fund-
ing.

Secondly, deadlines and financial flexibility
(Financial Factors 1) exhibited a strong negative
relationship (-0.996), in that financial inflexibility
and delays predominantly have considerable impact
on projects’ timelines. Thirdly, Process digitaliza-
tion is inversely correlated with financial constraints
(0.996), highlighting the reliance of digital solutions
on financial flexibility. High financial constraints,
such as lack of funds or financial flexibility, nega-
tively impact process digitalization at higher edu-
cation institutions, and limited funding stops them
from implementing or expanding digital solutions.
Conversely, greater financial flexibility as less fi-
nancial constraint contributes to adopting process
digitalization, such as automation, improved work-
flows, and digital tools. Thus, financial flexibility is
a critical enabler of digital solutions, and without
it, the digitalization process becomes significantly
hindered.

Thus, the matrix confirms that financial con-
straints, spending inflexibility, and insufficient
business collaboration hinder infrastructure devel-
opment, digitalization, and commercialization of
R&D, amplifying systemic barriers.

CONCLUSIONS
The purpose of the current research was to con-

duct a comprehensive analysis of the key factors af-
fecting R&D support in Kazakhstan and to identify

Ixonomuka: cmpamezusn u npakmuxa. T. 19, Ne 4, 2024 / Economy:

the main financial, infrastructural, and institutional
challenges that hinder the efficient use of R&D re-
sources. The obtained results revealed key econom-
ic constraints that hinder the effectiveness and sus-
tainability of research activities.

Financial rigidity, limited budgetary flexibili-
ty, and weak integration with business partners have
been identified as critical barriers to the long-term
economic impact of R&D. Inflexible budget policies
delay the modernization of research infrastructure
and disrupt timely project implementation, thereby
reducing the competitiveness and scalability of re-
search outputs. Thus, the cause for low technologi-
cal innovations and cost-saving digital technologies
is limited financial adaptability and the inability to
reallocate resources. As a result, operational ineffi-
ciencies increase, leading to a wider gap in resource
sufficiency. Thus, the reason for the low level of in-
novation and development of digital technologies is
limited financial support and the inability to redis-
tribute resources.

Weak support for young scientists and outdat-
ed scientific infrastructure exacerbate the crisis in
the academic environment. Insufficient attention to
the career growth and motivation of young research-
ers leads to the outflow of specialists and the loss
of intellectual potential. At the same time, outdat-
ed equipment and lack of resources to update the
technical base limit the possibilities for conducting
high-quality research and achieving scientific re-
sults. This situation is exacerbated by the low level
of funding for introducing modern tools, hindering
the effective management of scientific processes and
further research development.

Additionally, universities’ low capacity in at-
tracting business partners and engaging in commer-
cial activities was revealed due to weak linkages with
industry. The underutilization of university-busi-
ness collaboration equals missed opportunities to
enhance the commercialization potential of R&D
outputs due to the low capacity for co-financing ar-
rangements. Ultimately, there are few opportunities
for universities to diversify funding streams. This,
in turn, increases the reliance on internal and state
funding, which is often subject to administrative de-
lays and restrictive financial controls affecting the
long-term sustainability of research activities.

In order to overcome the identified problems
and create a research ecosystem in Kazakhstan, a
holistic policy must be implemented to support re-
search activities. Diversification of funding sources
is crucial to overcoming existing challenges, and it
is essential to enhance financial flexibility for the
reallocation of resources to meet changing project
demands and support infrastructure modernization.
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INNOVATION AND THE DIGITAL ECONOMY

Universities should strengthen business partner-
ships to attract private investment, co-finance R&D
projects, and accelerate the commercialization of
research results. This requires the introduction of
clear career paths and mentoring programs to retain
promising personnel in the academic environment,
as well as the priority reinvention of scientific infra-
structure, including the creation of modern research
centers and the introduction of digital platforms and
cloud technologies for managing research, improv-
ing access to international databases, and increasing
digital literacy among researchers.

Future research should focus on studying suc-
cessful international scientific support models and
adapting them to the Kazakh context. Additionally,
more in-depth research on effective financial mod-
els, such as flexible budgeting mechanisms and
co-funding, is needed for the sustainable develop-
ment of the research ecosystem.
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