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ABSTRACT

The present paper analyzed the impact of the digital economy and innovations on Kazakhstan’s labor
resource transformation from theoretical and empirical perspectives. By means of correlation analysis the
factors that were the most significant for the result variable - the employed population in high-tech and
knowledge-intensive sectors of the economy were determined (R2>0,8). However, the correlation analysis
revealed the multicollinearity - close linear relationship between all factors. In this regard, the method of
statistical equations of dependencies was applied for further research. During the study, a multifactorial
equation of dependencies was calculated. Key socio-economic factors influencing population employment
in high-tech and knowledge-intensive sectors of the economy were determined. The degree of influence of
each factor on the result variable was calculated. Thus, the level of employment in high-tech and knowledge-
intensive industries of Kazakhstan is most influenced by four key factors: the share of Internet users, the
degree of influence of this indicator is the most significant and amounted to 38.28%; the share of computer
users — 28.27%; gross domestic product per capita - 19.47%; and internal expenditure on research and
development work — 11.69%. Taking into account the fact that the digital innovation era today is almost at
the very beginning of its development, the digital processes occurring in the economy, in particular in the
labor market, require monitoring and in-depth analysis for the timely development of management levers
and control of their impact, that only emphasizes the relevance of this study.
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AHHOTALMUA

B AgaHHOM cTaTbe 6blNO M3y4yeHO BAMAHUE LMGOPOBON SKOHOMUKU M UHHOBALMWA Ha TpaHchOpMaLUIo
TPYAOBbIX pecypcoB KasaxcTaHa Kak C TEOPETUYECKOM, TaK U C IMMNNPUYECKON TOYEK 3peHus. Nocpeactsom
KOppensiLuMoHHOro aHanusa 6b11u BbigeneHbl Te GaKTOPbl, KOTOPblE OKa3aaucb Hanbonee 3HauYMMbl ANA
pe3y/nbTaTUBHOIO ¢GakKTopa - 3aHATOrO0 Hace/leHWA B BbICOKOTEXHOMOTMYHbIX WU HAYKOEMKUX OTPaACAAX
3KoHOMMKKM (R2>0,8). OgHako Npu NPOBEpKe Ha MY/bTUKONIMHEAPHOCTb KOppenauMoHHas Tabauua
noKasa/ia TECHYIO IMHENHYIO CBA3b MeXay BcemMU dakTopamu. B cBasu c uem, aBTopamu 6b110 pelleHo
NCNOMb30BaTb METOZ CTaTUCTUYECKUX YPaBHEHUN 3aBUCMMOCTEN. B xode mccnesoBaHUA paccyMTaHO
MHOroaKTopHOe YypaBHEHME 3aBUCMMOCTEN, OnpeaeneHbl KAYEBblIE COLMANbHO-3KOHOMUYECKUNE
daKTopbl, OKa3blBaloLLME BAUAHUE HA 3aHATOCTb B BbICOKOTEXHOJIOFMYHBLIX M HAYKOEMKWUX OTpac/sx, a
TaKe Npou3BeAEH PacYET CTENEHU BAUAHUA KaxKaoro n3 pakTopoB Ha pe3ynbTaTUBHbIM NpM3HaK. Tak, Ha
YPOBEHb 3aHATOCTM Hace/IeEHWNS B BbICOKOTEXHOOTMYHbIX M HAYKOEMKUX OTpacaax KasaxctaHa Hanbonbluee
B/IMAHME OKa3bIBAOT YETbIPE KAtoUEBbIX GpaKTopa: A0NS NONb30oBaTenel cetm HTepHET, cTeneHb BANAHUSA
3TOro rnokasaTtens Haubosee 3HaYMmana M cocTaBuna 38,28%; AonA Monb3oBaTeneil KOMMbIOTEPOB —
28,27%; BanoBblA BHYTPEHHUI NPOAYKT Ha Aywy HaceneHus — 19,47% v BHYTpeHHMe 3aTpaTtbl HA HAay4YHO-
nccnenoBaTesibCKME U OMbITHO-KOHCTPYKTOPCKME pabotbl — 11,69%. YuntbiBaa TOT ¢akKT, YTo umdpoBas
WHHOBALMOHHAA 3pa CEroAHA HAXOAUTCA NPAKTUYECKU B CAMOM Ha4yasie CBOEro pasBuTUA, TO LMdpoBbIe
NPOLLECChI, NPOMCXOAALINE B SKOHOMUKE, B YaCTHOCTM Ha PbIHKE TPyAa, TPebYIOT MOHUTOPUHTA U FYyHOKOro
aHa/n3a ANnA CBOEBPEMEHHOM pa3paboTKM pblyaroB YNpPaBAEHWS U KOHTPOAS WX BAMAHMUA, YTO TONbKO
NOAYEPKUBAET aKTYa/IbHOCTb HACTOALLLErO UCCAe0BaAHMA.

KNKYEBbLIE CJ/IOBA: 3KOHOMMKa, UMdppoBad 3KOHOMMUKA, UMPPOBM3aALUSA, COLMAIbHAS IKOHOMMUKA,
YyenoBeYECKUN KanuTan, TPYA0Bble Pecypcbl, 3aHATOCTb, TPaHchoOpMaLUS
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INTRODUCTION

In recent decades, the development of the glob-
al digital economy has taken an important position
and has shown rapid growth (Chen et al., 2022). The
digital economy in Kazakhstan is recognized as a
key priority in the country’s development agenda.
In 2017, the government launched the “Digital Ka-
zakhstan” program, designed to enhance the effi-
ciency of public administration, foster business de-
velopment, and improve its citizens’ overall quality
of life (Bashieva et al., 2023). Moreover, in March
2023, the Government of the Republic of Kazakh-
stan approved the “Concept of Digital Transforma-
tion, Development of the Information and Commu-
nication Technologies Industry, and Cybersecurity
for 2023-2029” through a Government Resolution,
marking a significant step in the nation’s digitaliza-
tion efforts.

The digital economy transition significant-
ly impacts the labor market due to the large-scale
transformation of requirements for specialists and
increased labor market efficiency. Digital technolo-
gies implementation automates many operations of
labor activity, which leads to significant changes in
the needs and requirements for labor resources, as
well as creates efficient and fast job search, includ-
ing the possibility of remote work activity (Cheba-
kova & Knyazeva, 2024).

In the present paper, we attempt to assess la-
bor resource transformation in terms of innovation
and the digital economy. To this end, the share of
employment in high-tech and knowledge-intensive
sectors of the economy, which includes industries
where digital technologies are an essential compo-
nent - such as manufacturing, information and com-
munication, and professional, scientific, and tech-
nical activities - were selected as a result variable
characterizing this transformation.

Subsequently, the study explores the stable re-
lationships between the result variable -employment
in high-tech and knowledge-intensive sectors of the
economy - and several independent variables - fac-
tors that reflect the ongoing transformation of the
labor market. Thus, as independent variables were
selected, the following indicators: gross coverage of
higher education, the population in cities, the unem-
ployment rate, the average monthly nominal wage,
gross domestic product per capita, the balance of
external migration of the population, the share of
Internet users, the share of computer users, the level
of activity of enterprises in the field of innovation,
internal R&D expenditures.

The purpose of this study was to identify a sta-
ble relationship between the result and independent
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variables, as well as to calculate the degree of influ-
ence of each of the independent variables (factors)
on employment in high-tech and knowledge-inten-
sive sectors of the economy (result variable).

The future research agenda involves a compre-
hensive analysis of long-term trends in the evolution
of labor market structure and employment patterns.
Such an investigation would enable more precise
forecasting of the impact of digital technologies on
the national economy. Furthermore, it would pro-
vide a foundation for developing informed recom-
mendations to enhance state support mechanisms
for innovation-driven sectors and cultivate a skilled
workforce in the context of emerging digital trans-
formations.

All calculations conducted during the pres-
ent research paper are grounded in statistical data
supplied by the Bureau of National Statistics of the
Agency for Strategic Planning and Reforms of the
Republic of Kazakhstan.

LITERATURE REVIEW

There is some conflicting data in the scientif-
ic literature regarding the impact of digitalization
on the labor market transformation. US researchers
have noted that one of the indicators that digitali-
zation is affecting the social structure is the sharp
decline in the share of labor in US national income,
which is a consequence of the transformation of
society under the influence of digital intelligence
(Karabarbounis & Neiman, 2014; Oberfield & Rav-
al, 2021). As digitalization and artificial intelligence
become more pervasive in people’s lives, new tech-
nologies may reduce the need for human resources
in the labor market (Graetz & Michaels, 2018; Ace-
moglu & Restrepo, 2018).

At the same time, according to some scholars,
digitalization not only contributes to the productiv-
ity of individual enterprises but also creates oppor-
tunities for the accumulation of long-term capital
and deepening automation processes, which in turn
leads to increased demand for labor in other sectors
of the economy and creates new employment oppor-
tunities (Acemoglu u Restrepo, 2019).

Moreover, with the development of digital
transformation, the very concept of “employment”
has transformed from static and constant to flexible,
from traditional to evolving, and from professional
to complex (Bolt et al., 2022).

A literature review on the topic of the study
revealed that existing studies on analyzing the im-
pact of digital transformation on the workforce of-
ten focus on macro-level analysis. There is a log-
ical explanation for this fact: as many researchers
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note, the issue of transformation is new and relevant
but remains completely unexplored for several rea-
sons, one of which is the small volume of empir-
ical research at the company level (Chen & Srini-
vasan, 2023). Even though theoretical research on
digitalization and the labor market exists, empirical
evidence on the impact of digital technologies on
the labor force, especially at the level of individual
companies, is very limited (Autor & Dorn, 2013).

Moreover, digitalization affects technologi-
cal changes and social, cultural, and organization-
al processes. This creates difficulties in accurately
modeling the relationship between technological
innovations and changes in the labor market (Gaggl
& Wright, 2017). Therefore, forecasting this kind of
process requires considering many factors, such as
legislative changes, global economic trends, and the
speed of implementation of new technologies (Wil-
son & Daugherty, 2018).

Digitalization also leads to changes in em-
ployment patterns, such as increased freelancers
working remotely or a shift to short-term contracts
(Brynjolfsson & McAfee, 2016). These changes of-
ten occur at the micro level, making it difficult to
collect and process the data needed to understand
the impact of digital technologies on labor markets
as a whole (Qin et al., 2024).

Furthermore, the transition to remote work
and short-term contracts necessitates rethinking
vocational training and requalification approaches,
as these employment forms demand specific skills,
such as self-organization, high mobility, and adapt-
ability to rapidly changing environments. Since
these shifts in labor relations are often not reflected
in traditional data sources, an essential area for fu-
ture research lies in developing new methodologies
for collecting and analyzing data that will enable a
more precise evaluation of the impact of digitaliza-
tion on the labor market and its structure.

An equally important reason is the lack of sta-
tistical data. To establish the cause-and-effect rela-
tionships of labor transformation, detailed data are
needed, the lack of which makes it challenging to
study the impact of digital transformation on specific
segments of the labor market, especially in rapidly
changing industries such as IT, artificial intelligence,
robotization, and other high-tech areas. In countries
where digitalization is just beginning to develop,
collecting such data is complex and not consistently
sufficiently accurate, and Kazakhstan is no exception
in this matter. For instance, observations on some in-
dicators characterizing the population’s digital litera-
cy level have been conducted only since 2018, which
certainly is insufficient for building an econometric
model and, even more so, forecasting.

METHODS OF THE RESEARCH

This study used several statistical methods to
analyze the factors influencing employment in high-
tech and knowledge-intensive sectors of the econo-
my, aimed at identifying stable dependence of the
result and independent variables.

In the first stage of the study, correlation diag-
nostics were carried out to identify statistical rela-
tionships between different variables. For this pur-
pose, the correlation coefficient was used to measure
the strength and direction of the linear relationship
between factors such as the share of Internet users,
the share of computer users, gross domestic prod-
uct per capita, domestic expenditures on R&D, and
the level of employment in high-tech and knowl-
edge-intensive sectors of the economy.

Correlation analysis allowed us to establish
a primary relationship between variables, which
became the starting point for further calculations.
However, the analysis revealed the presence of mul-
ticollinearity - a situation when factors are highly
correlated, leading to distortion of regression anal-
ysis results and misinterpretation of model param-
eters.

The method of statistical equations of depen-
dencies was used to take into account multicol-
linearity and correctly analyze the factors affecting
employment in high-tech and knowledge-intensive
sectors of the economy. When applying the method
of statistical equations of dependencies, it is essen-
tial to exclude outliers, particularly extreme values
of independent variables (minimum or maximum)
that deviate substantially from the next closest val-
ue while ensuring the stability of relationships be-
tween the dependent and independent variables (Ra-
khmetova & Dubrova, 2011).

This method is a system of linear or nonlinear
equations in which one or more variables depend
on others. This study considered the linear multi-
factorial dependence of employment in high-tech
and knowledge-intensive industries on 10 indicators
from different blocks of statistical data of the repub-
lic.

Then, using the formulas of the statistical equa-
tion, the linear multifactorial dependence of sustain-
able growth of employment in high-tech and knowl-
edge-intensive sectors of the economy on ten factors
(independent variables) over the past 16 years was
considered by formulas (1) and (2):

)
2

yx = ymin(1 + b d (xi /xmin — 1))

yx = ymin (1 + b d (1-xi /xmax))
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where:

y, — result variable

Y,.;,—minimum value of the result variable

b — ratio of the sum of deviations from the unit
of the calculated coefficients of comparison of the
result and independent factors

d . — comparison coefficient of the independent
factor as a whole

d, iy comparison coefficient to the minimum
value of the independent factor

—— comparison coefficient to the maxi-

mum V;ﬁue of the independent factor

For further research and calculation, the equa-
tion of multifactor dependence was applied. The
parameters of the equation are calculated following
formula (3):

MHHOBAIIMU N ITU®POBA S 5KOHOMUKA

y* :ymin(] +B(dx3 + dxﬁ + dx8 + dx9 + dx]O)) (3)

where:

dx3:X3/ X3min” 1,

dx6: XG/XGmin- 2

dx8: Xs/ Xgmin™ >

dx9: X9/X9min- 4
X0 Xlo/xlomin' >

dy:yi/ymin- 1

Having calculated the parameters of the equa-
tion of multifactor dependence, we further cal-
culated the change in the size of deviations of the
comparison coefficients of the result variable when
the aggregate size of deviations of the comparison
coefficients of the independent variables x3-10 (all
factors) changes by one according to formula 4.

B = Zdy/(z dx3 + dea + deB + deg + dem)

Finally, formula 5 determined the degree of
influence of each factor on the population employ-
ment in high-tech and knowledge-intensive sectors
of the economy.

_ >dxi
Ay = (Z—dﬂj)xl 00%

)

Where:

A,; - share of influence of a single factor on
the result variable;

Y.d,i - the sum of deviations of comparison
coefficients of a single factor;

X.d.;j - the sum of the deviations of the com-
parison coefficients of all factors.

To verify the adequacy of the obtained linear
equations of dependence, calculations of parameters
and stability of the relationship between the result
variable and each independent factor separately
were carried out, where the correlation coefficient
with different independent factors ranged from 0.95
t0 0.99, and the stability coefficient was not less than
0.8, which once again proved the strong relationship
between the factors and complete fulfillment of the
requirement to assess the correctness of the calcu-
lation.

RESULTS

The Bureau of National Statistics of the Re-
public of Kazakhstan regularly provides statistical
data, and to assess the impact on the transformation
of labor resources, we have revealed statistical in-
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dicators that reflect changes in the structure, com-
position, qualifications, and distribution of the labor
force. Labor resources transformation is associated
with adapting the labor force to changes in the econ-
omy, technology, social environment, and political
situation. Thus, for econometric modeling and fore-
casting, as a result, variable, this research defined
the employment of the population in high-tech and
knowledge-intensive sectors of the economy, in-
cluding the employed population in industry, infor-
mation, and communication, as well as professional,
scientific, and technical activities (X1).

This choice is determined by the fact that the
above-mentioned sectors of the economy have the
most significant impact on digital technologies.
High-tech and knowledge-intensive industries play
a key role in economic growth and technological
progress since they create new products and ser-
vices, as well as implement innovative projects that
require the use of the most advanced digital technol-
ogies. The employment indicator for high-tech and
knowledge-intensive industries provides the most
accurate picture of the impact of digitalization on
the labor market, how it contributes to the creation
of new jobs, and how the skills requirements of em-
ployees are changing. This provides an insight into
how the transition to a digital economy affects the
labor force, its structure, and the skills in demand.

Furthermore, due to their specifics, high-tech
and knowledge-intensive sectors actively influence
structural changes in other sectors of the economy.
Implementing digital technologies and innovations
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leads to increased labor productivity and improved
quality of work, which, in turn, causes labor re-
source transformation in related industries such as
education, health care, transport, and others. Thus,
employment in these sectors indicates broader pro-
cesses taking place in the labor market, such as shift-
ing skill profiles required for successful integration
into the digital economy.

The following factors were selected as inde-
pendent variables:

X2 - Gross higher education enrollment, %;

X3 - Population in cities, people;

X4 - Unemployment rate, %;

X5 - Average monthly nominal wage, tenge

X6 - Gross domestic product per capita, tenge;

X7 - Balance of external migration of the pop-
ulation;

X8 - Share of Internet users aged 6 to 74, %;

X9 - Share of computer users aged 16-74, %;

X10 - Internal R&D expenditure, million tenge.

X11 - Level of enterprises’ activity in the inno-
vation field, %.

The choice of these factors as independent
variables in econometric modeling to evaluate the
impact of the digital economy on the transformation
of labor resources is based on their strong connec-
tion to the primary processes occurring within digi-
talization and innovation-driven economic develop-
ment. These factors encompass essential elements
that directly or indirectly influence the labor mar-
ket, employment levels, and the workforce’s skillset
amid the digital transformation.

Gross higher education enrolment (X2) is a
crucial indicator, as higher levels of education are
closely tied to the labor force’s ability to adapt to
the digital economy’s demands. The digitalization
of the economy requires highly skilled profession-
als who can work with modern technologies. The
higher the educational attainment, the more likely
the workforce is to meet the demands of digital tech-
nologies. This factor reflects the population’s capac-
ity to integrate into high-tech industries and their
readiness to learn and develop in response to rapid
technological advancements.

Digital economy development is associated
with the population concentration in urban centers
where technology startups, innovative companies,
and research institutions are concentrated. There-
fore, the population in cities (X3) is also a significant
indicator. The urban setting enhances the availabil-
ity of employment opportunities within advanced
technological sectors, simultaneously expediting the
diffusion of emerging technologies and digital inno-
vations across the economic landscape. The pro-
gressive intensification of urbanization cultivates

a conducive environment for the robust expansion
of the digital economy, while fostering the devel-
opment of infrastructure that supports employment
within cutting-edge and digitally-driven industries.

In the context of the digital economy, the unem-
ployment rate (X4) is another crucial indicator since
digitalization often leads to structural changes in the
labor market. Implementation of new technologies
can both reduce the need for certain professions and
create new work positions. However, successful la-
bor resource adjustment to new conditions requires
retraining and upskilling the employees, affecting
the unemployment rate. Understanding unemploy-
ment dynamics helps determine how effectively la-
bor resources adapt to the changes generated by the
digital economy.

Average monthly nominal wages (X5) serve
as a significant indicator of the economic appeal of
high-tech and knowledge-intensive sectors, which
are pivotal sources of job creation in the digitaliza-
tion context. Wage growth within these industries
typically correlates with increased employee qual-
ifications and the emergence of new professions
associated with digital technologies. Rising wages
in these sectors may signal a transformation in the
labor market, wherein skilled professionals become
increasingly valuable and in demand.

Gross Domestic Product per capita (X6) is a
fundamental indicator that reflects the overall eco-
nomic development of a country, including within
the framework of the digital economy. The growth
of GDP per capita, fueled by the expansion of
high-tech and innovative sectors, directly influenc-
es employment levels within these industries. The
progression of the digital economy drives enhance-
ments in labor productivity and optimizes economic
performance, thereby facilitating new employment
opportunities and elevating the quality of workforce
participation.

Gross domestic product per capita (X6) is a
fundamental indicator that reflects the overall eco-
nomic development of a country, including within
the framework of the digital economy. The growth
of GDP per capita, fueled by the expansion of high-
tech and innovative sectors, directly influences em-
ployment levels within these industries.

The share of Internet users (X8) and comput-
er users (X9) directly measures the level of digital
literacy and the accessibility of technologies with-
in the population. The higher these indicators, the
more prepared the population is to meet the digi-
tal economy’s demands, fostering more significant
employment in high-tech and knowledge-intensive
industries. These factors are critical markers of the
population’s engagement with the digital environ-
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ment and readiness to incorporate new technologies
into their professional activities.

Internal R&D expenditure (X10) and the level
of innovation activity of enterprises (X11) are crit-
ical factors that reflect the intensity of innovation
development and the extent to which companies
are engaged in the digitalization process. Corporate
innovation activity is closely linked to developing
new technologies, which generates new opportuni-
ties for highly qualified labor. R&D expenditure, in
turn, signifies the degree to which enterprises allo-
cate resources to research and innovation, directly
influencing job creation and altering the employ-
ment structure within high-tech industries.

MHHOBAIIMU N ITU®POBA S 5KOHOMUKA

The above-mentioned factors were selected as
independent variables in the econometric modeling
because they provide a comprehensive representa-
tion of critical aspects of the digitalization process
within the economy. This includes factors such as
educational attainment, access to technology, inno-
vation dynamics, and economic development, all of
which influence workforce transformation. They of-
fer valuable insights into how the digital economy
affects employment and the labor market, the evolv-
ing skill requirements, and the emerging opportuni-
ties for workers.

Correlation analysis was carried out to deter-
mine whether there is a relationship between the re-
sult and independent variables (Table 1).

Table 1. Correlation of population employment in high-tech and knowledge-intensive sectors of the economy and

factor indicators (independent variables)

Variable @ (2) 3) (C)) &) (6) ) ® ® | aoy | any
x1 1
x2 0,61 1
x3 0,91 0,65 1
x4 -0,90 | -0,53 | -0,77 1
x5 0,82 0,57 0,97 -0,67 1
X6 0,88 0,64 0,99 -0,74 0,99 1
x7 -0,66 | -0,62 | -0,40 0,58 -0,21 -0,33 1
x8 0,96 0,61 0,87 -0,96 0,78 0,84 -0,61 1
x9 0,95 0,59 0,86 -0,96 0,77 0,83 -0,60 0,99 1
x10 0,98 0,72 0,92 -0,88 0,83 0,89 -0,66 0,94 | 0,92 1
x11 0,81 0,46 0,94 -0,66 0,98 0,96 -0,16 0,77 | 0,75 | 0,80 1

Note: compiled by authors

According to Table 1, a strong correlation be-
tween employment in high-tech and knowledge-in-
tensive sectors of the economy (correlation coeffi-
cient greater than 0.8) is observed with 8 out of 10
factors (independent variables), including:

X3 - Population in cities, people;

X4 - Unemployment rate, %;

X5 - Average monthly nominal wage, tenge

X6 - Gross domestic product per capita, tenge;

X8 - Share of Internet users aged 6 to 74, %;

X9 - Share of computer users aged 16-74, %;

X10 - Internal R&D expenditure, million tenge.

X11 - Level of enterprises’ activity in the inno-
vation field, %.

At the same time, the correlation calculation of
the dependence of population employment in high-
tech and knowledge-intensive sectors of the econ-
omy on independent variables showed multicol-
linearity, i.e., a strong relationship is observed not
only between the result variable and independent
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variables but also between independent variables
themselves.

Given the multicollinearity of factors and the
limited sample size (16 observations) spanning from
2008 to 2023, the analysis proceeded with the ap-
plication of the method of statistical dependency
equations. Unlike traditional regression analysis,
this method facilitates modeling direct and indirect
relationships between variables, which is particu-
larly advantageous when multicollinearity is pres-
ent. Furthermore, this approach provides a more
adaptable framework for modeling dependencies,
thus rendering it more robust to issues arising from
multicollinearity. Consequently, it contributes to the
estimates’ stability and enhances the model’s pre-
dictive precision.

Then, using the formulas of the statistical equa-
tion, the linear multifactorial dependence of sustain-
able growth of employment in high-tech and knowl-
edge-intensive sectors of the economy on ten factors

25



INNOVATION AND THE DIGITAL ECONOMY

(independent variables) over the past 16 years was
considered.

Before establishing multifactor dependence,
the stable dependence of employment growth in
high-tech and knowledge-intensive sectors of the
economy on each of the ten factors will be deter-
mined. Using the formulas of the single-factor de-
pendence equation, the coefficient of stable depen-
dence will be calculated (K).

The calculation with other factors (indepen-
dent variables) will be done analogically. For illus-
trative purposes, Table 2 shows the calculation of
parameters and stability of the relationship between
employment in high-tech and knowledge-intensive
sectors of the economy (Y) and independent vari-
able X10.

Table 2. Calculation of parameters and stability of the dependence between employment in high-tech sectors (Y) and

variable X10

Year

Y

X10

dy

dx

Bdx

y*

dx*dy

dx2

dy2

dy-bdx

2008

1187,5

4,0

0

0

0

1187,5

0

0

0

0

2009

1196

4,0

0,0071579

0

0

1187,5

0

0

5,1235E-05

0,007158

2010

1207,4

4,3

0,0167579

0,075

0,01283334

1202,73959

0,001257

0,005625

0,00028083

0,003925

2011

1265,4

5,7

0,0656

0,425

0,07272227

1273,8577

0,02788

0,180625

0,00430336

0,007122

2012

1320,014

5,7

0,1115907

0,425

0,07272227

1273,8577

0,047426

0,180625

0,01245249

0,038868

2013

1354,284

8,0

0,1404497

1

0,17111123

1390,69459

0,14045

1

0,01972611

0,030662

2014

1412,748

8,1

0,1896825

1,025

0,17538901

1395,77445

0,194425

1,050625

0,03597946

0,014294

2015

1456,681

8,1

0,2266787

1,025

0,17538901

1395,77445

0,232346

1,050625

0,05138325

0,05129

2016

1487,512

9,3

0,2526417

1,325

0,22672238

1456,73283

0,33475

1,755625

0,06382782

0,025919

2017

1485,678

9,6

0,2510973

1,4

0,23955572

1471,97242

0,351536

1,96

0,06304984

0,011542

2018

1513,162

10,6

0,2742417

1,65

0,28233353

1522,77107

0,452499

2,7225

0,0752085

0,008092

2019

1513,008

11,3

0,274112

1,825

0,31227799

1558,33012

0,500254

3,330625

0,07513739

0,038166

2020

1503,544

11,5

0,2661423

1,875

0,32083356

1568,48985

0,499017

3,515625

0,07083173

0,054691

2021

1506,925

10,5

0,2689895

1,625

0,27805575

1517,6912

0,437108

2,640625

0,07235534

0,009066

2022

1541,276

11,0

0,2979166

1,75

0,29944465

1543,09052

0,521354

3,0625

0,08875432

0,001528

2023

1574,294

11,7

0,3257213

1,925

0,32938912

1578,64958

0,627013

3,705625

0,10609434

0,003668

22525,43 | 133,4 12,9687798 | 17,35

22525,4261|4,367315|26,16125|0,73943602| 0,30599

B= [0,17111 r 19,344| 0,9929673

K 0,896931

Note: compiled by authors

Table 2 illustrates a stable relationship between
employment in high-tech and knowledge-intensive
industries and the independent variable X10 - Inter-
nal R&D expenditure. The stability coefficient was
equal to 0.89. The calculation of the other factors
will be carried out in the same way.

Thus, the results represent that a high coeffi-
cient of stability is observed in population employ-
ment in high-tech and knowledge-intensive sectors
of the economy from the following five indicators:
the number of populations in cities (X3), gross do-

Table 3. Equations of one-factor dependence

mestic product per capita (X6), the share of Internet
users (X8), the share of computer users (X9) and
internal expenditure on R&D (X10). Calculations
show that factors X2, X4, X5, X7, and X11 do not
have a stable relationship with the result variable
(coefficient less than 0.7).

Using the calculation results, one-factor equa-
tions of dependencies of population employment in
high-tech and knowledge-intensive sectors of the
economy with each factor (independent variables)
will be complied with in Table 3.

Factor Equation K
X3 Population in cities Y=1187,50 (1+0,8761*dx3) 0,807
X6 Gross domestic product per capita Y=1187,50 (1+0,1027*dx6) 0,896
X8 Share of Internet users Y=1187,50 (1+0,5225*dx8) 0,857
X9 Share of computer users V=1187,50 (1+0,0707*dx9) 0,844
X10 Internal expenditure on R&D Y=1187,50 (1+1,1711*dx10) 0,896

Note: compiled by authors
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Table 3 compiled by authors on the basis of the
results of calculations of parameters and stability of
the relationship between population employment in
high-tech and knowledge-intensive sectors of the
economy and independent variables (factors). Thus,
the table presents five single-factor equations illus-
trating the dependence of employment in high-tech
and knowledge-intensive industries on five selected
factors. The strongest stable relationship between
the result variable and independent variables is
observed with two variables: gross domestic prod-

MHHOBAIIMU N ITU®POBA S 5KOHOMUKA

uct per capita (X6) and internal R&D expenditure
(X10), with a coefficient of 0.896. The stable rela-
tionship with other independent variables is slightly
lower, with a coefficient of 0.857 for the share of
Internet users (X8), 0.844 for the share of comput-
er users (X9), and 0.807 for the population in cities
(X3).

Subsequently, the calculation of the multifac-
tor combinatorial dependence equation. The calcu-
lation of the parameters for the multifactor equation
is provided in Table 4.

Table 4. Calculation of parameters of the equation of multifactor dependence

Year | dx3 dx6 dx8 dx9 dx10 dx3+dx6+dx8+dx9+dx10 dy bdx Y*

2008 0 0 0 0 0,0000 0,0000 0,0000 | 0,0000 | 1187,50
2009 | 0,0480 | 0,0319 | 0,2053 | 0,0374 | 0,0000 0,3227 0,0072 | 0,0065 | 1196,00
2010 | 0,0670 | 0,3050 | 1,0938 | 1,3369 | 0,0750 2,8777 0,0168 | 0,0576 | 1207,40
2011 | 0,0857 | 0,6655 | 2,2788 | 1,5348 | 0,4250 4,9897 0,0656 | 0,0998 | 1265,40
2012 | 0,1042 | 0,8034 | 3,4967 | 2,5882 | 0,4250 7,4176 0,1116 | 0,1484 | 1320,01
2013 | 0,1224 | 1,0633 | 3,4768 | 2,5241 | 1,0000 8,1866 0,1404 | 0,1638 | 1354,28
2014 | 0,1413 | 1,2408 | 3,5099 | 2,5561 | 1,0250 8,4731 0,1897 | 0,1695 | 1412,75
2015 | 0,1901 | 1,2755 | 4,1126 | 3,1283 | 1,0250 9,7315 0,2267 | 0,1947 | 1456,68
2016 | 0,2141 | 1,5774 | 4,3113 | 3,2086 | 1,3250 10,6363 0,2526 | 0,2128 | 1487,51
2017 | 0,2499 | 1,9436 | 4,3974 | 3,2406 | 1,4000 11,2314 0,2511 | 0,2247 | 1485,68
2018 | 0,2715 | 2,3026 | 4,5232 | 3,3422 | 1,6500 12,0895 0,2742 | 0,2419 | 1513,16
2019 | 0,2943 | 2,6671 | 4,7351 | 3,4118 | 1,8250 12,9332 0,2741 | 0,2588 | 1513,01
2020 | 0,3233 | 2,6779 | 4,8940 | 3,5775 | 1,8750 13,3478 0,2661 | 0,2671 | 1503,54
2021 | 0,3491 | 3,3140 | 5,1788 | 3,7647 | 1,6250 14,2316 0,2690 | 0,2847 | 1506,93
2022 | 0,4507 | 4,1600 | 5,2583 | 3,8235 | 1,7500 15,4425 0,2979 | 0,3090 | 1541,28
2023 | 0,4771 | 4,8604 | 5,3444 | 3,8663 | 1,9250 16,4732 0,3257 | 0,3296 | 1574,29
Total | 3,3886 | 28,8884 | 56,8163 | 41,9412 | 17,3500 148,3844 2,9688 | 2,9688 |22525,43

Note: compiled by authors

Table 4 represents the parameters of the equa-
tion of multifactor dependence. Using these param-
eters, we calculated how the change in the total size
of deviations of the comparison coefficients of in-

dependent variables X3, X6, X8, X9, X10 per unit
causes a change in the size of deviations of the com-
parison coefficients of the employment in high-tech
and knowledge-intensive industries (Y).

2,9688

B= Z dy/(z dx3 + Z dx6 + z dx8 + Z dx9 + Z dx10) = === = 0,020007

Thus, a change in the total size of deviations
of the comparison coefficients of all independent
variables X3, X6, X8, X9, X10 per unit causes a
change in the size of deviations of the comparison
coefficients of the employment in high-tech and
knowledge-intensive industries (Y - result variable)
by 0.020007 times.
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Next, using formula 5, the percentage of influ-
ence of each factor on the population employment
in high-tech and knowledge-intensive sectors of the
economy will be determined (Table 5).
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Table 5. The share of influence of individual factors on employment in high-tech and knowledge-intensive sectors of

the economy

No. Factor Share of inﬂl:;nce of the factor, Ranking
(1)

1 X3 - Population in cities 2,28 5
2 X6 - Gross domestic product per capita 19,47 3
3 X8 -Share of Internet users 38,29 1
4 X9 - Share of computer users 28,27 2
5 X10 - Internal expenditure on R&D 11,69 4

Total 100 -

Note: compiled by authors

Based on the data presented in Table 5, it is
evident that the greatest impact on employment in
high-tech and knowledge-intensive industries is ex-
erted by the share of Internet users, with an influ-
ence of 38.29%. The second most significant fac-
tor is the share of computer users, accounting for
28.27%. The third largest influence is Gross Domes-
tic Product per capita, with an impact of 19.47%.
Domestic expenditure on R&D also plays a notable
role in shaping employment in these sectors, with
an influence of 11.69%. The factor with the small-
est impact among the five is the population in cities,
contributing only 2.28% to employment in high-
tech and knowledge-intensive industries.

CONCLUSION

The present research demonstrates the signif-
icant impact of the digital economy and innovation
processes on the transformation of labor resources
in Kazakhstan. The work has analyzed both theoret-
ical and empirical aspects of this process, revealing
key socio-economic factors that determine the level
of employment in high-tech and knowledge-inten-
sive sectors of the economy.

Thus, among the considered socio-econom-
ic indicators, provided by the Bureau of National
Statistics, which in one way or another could have
an impact on employment in high-tech and knowl-
edge-intensive sectors of the economy, the conduct-
ed correlation analysis identified 8 factors that have
the strongest relationship with the result variable
(Bureau of National Statistics, 2024). However, due
to the close linear relationship of variables among
themselves, further research was conducted using
the statistical equations of dependence, requiring
the absence of multicollinearity of variables.

According to the calculations performed using
the above-mentioned method, 4 key factors that have
a fundamental impact on the growth of employment
in high-tech and knowledge-intensive sectors of the
economy were revealed, and the influence percent-
age of each factor was also calculated.

The findings of the study indicate that, in the
context of the growing digitalization of the econo-
my, the accessibility of technologies and their incor-
poration into production processes are crucial fac-
tors influencing the employment of highly skilled
professionals, mainly within high-tech and knowl-
edge-intensive sectors. Despite the initial stage of
digital transformation in Kazakhstan, it is obvious
that digital processes have a serious impact on the
labor market, which requires constant monitoring
and accurate analysis for timely response to changes
and adjustments in public policy.

Furthermore, there is a pressing need to en-
hance the role of state support for research and de-
velopment of emerging technologies, which would
facilitate the advancement of digital infrastructure
and promote job creation within innovation-driven
sectors. Establishing an environment conducive to
increased innovation and boosting domestic expen-
diture on R&D could serve as pivotal catalysts for
employment growth in high-tech and knowledge-in-
tensive sectors of the economy.

Additionally, within the scope of digital trans-
formation, it is crucial to account for the rapid ex-
pansion of flexible employment models, such as
freelancing and remote work. This necessitates a
fundamental reassessment of regulatory frameworks
governing labor relations, alongside the develop-
ment of robust legal and economic mechanisms de-
signed to safeguard workers’ rights and ensure that
labor legislation is adapted to the evolving demands
of the digital economy.

In light of these developments, a key area for
future research will involve analyzing the dynamics
of these transformations and forecasting their long-
term implications for the labor market. The estab-
lishment of effective data collection and analysis
methodologies and the formulation of predictive
tools and mechanisms for assessing the real-time
impact of digitalization on employment will be es-
sential for the optimal regulation and adjustment of
labor and employment policies within the digital
economy.
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