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ABSTRACT

Purpose: This article employs a regression-correlation approach to analyze indicators of Kazakhstan's eco-
nomic digital transformation, utilizing statistical data to forecast changes in GDP per capita. The purpose of
this analysis is to investigate the influence of digitalization on the economic development of the country, and
to summarize the main factors driving the development of the digital economy

Methods: We use official statistics (2000-2023) and IBM SPSS Statistics software to estimate regression
models and produce scenario forecasts.

Originality/Value: The primary value of this research lies in its analysis of key digital economy indicators
and their impact on the country's GDP per cap.

Results: This study investigates the relationship between key innovation and technology indicators and
economic growth, measured by Gross Domestic Product per capita in Kazakhstan. Using a stepwise multiple
regression analysis on time-series data from 2000 to 2023, we identify the most significant predictors of GDP
per capita. The final model, which includes internal R&D expenditures, internet users, R&D organizations
(X1) and R&D personnel, demonstrates a strong explanatory power with an R2 of 0.995. The findings reveal
that financial investment in R&D and digital infrastructure are the most powerful drivers of economic growth.

Limitations: The time-series analysis presented carries an inherent risk of spurious regression due to poten-
tial non-stationarity of the data.

Keywords: Gross domestic Product (GDP), Information and Communication Technologies (ICT), Digital
economy, Research and development work (R&D), Internet, innovative products.

INTRODUCTION

The digital economy is a number of economic activities in which digital knowledge and information are
used as key factors of production, modern information networks as an important carrier, and the effective use
of information and communication technologies as an important driving force for improving efficiency and
optimizing the economic structure.

Today, digital technologies are an everyday phenomenon. The result of the promotion of digitalization is
that almost half of the world's population has access to the Internet. And the main goal of digitalization char-
acterizes the widespread dissemination and use of the potential of information and communication technolo-
gies in order to support progress in economic sectors, stimulate scientific and technological development and
achieve economic growth [1, p.89].

Nowadays, a new economic form of the digital economy has penetrated into all spheres of life and has
radically changed the development environment and forms of activity of the economic society. The digital
economy is a trend of future economic development. This is a powerful driving force for deepening supply-
side structural reforms and narrowing the gap between developed countries.

Today, economic growth is impossible without the use of information and communication technologies,
since they cover more and more diverse spheres of economic activity.

The availability of information is a trend of our time.Digital technologies are radically changing the world.
The formation of an effective digital economy will open up significant opportunities for the creation and devel-
opment of business, help in increasing investment flows and financial resources of the world.
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GDP is often used as an indirect indicator of the state of the economy. This is a relatively accurate number
that signals every quarter whether the economy is growing or shrinking. However, GDP reflects only the mon-
etary value of all final goods produced in the economy. Since it only measures how much we pay for things,
not what benefits we get, the consumer's economic well-being may not correlate with GDP. In fact, sometimes
it falls when GDP is growing, and vice versa.

It should be said that digitalization or digital transformation of the economy is a comprehensive concept
that covers the entire range of human activities, corporate and government institutions [2, p.21].

Information and Communication Technologies (hereinafter referred to as ICT) are undoubtedly an impor-
tant sector in the field of economic development. Nevertheless, there is still some doubt that ICT spending
(public as well as private capital one) has a significant impact on GDP growth.

Literature review. The modern literary base has many studies devoted to the consideration of the impact of
digital transformation on the economic development of the state as a whole. For example, L. Michich examines
the impact of investments in information and communication technologies and the value of GDP per capita on
the example of a number of European states. According to the author, a higher share of investments in ICT in
the GDP of the state accompanies a higher value of GDP per capita.

According to A.V. Golubeva, the digital economy, which is a fundamentally new type of economic activity,
in which the main role is assigned to information, as well as technologies and tools for its management [3, p.75].

According to the research by O. Kravchenko, M. Leshchenko, and D. Marushchak, the development of the
digital economy as a whole can be characterized as a process in which information technologies, such as the
Internet or other means of communication, change economic and social relations in such a way that a number
of obstacles in international economic relations are completely eliminated or minimized. In this context, it is
worth noting the statement of T Friedmann. Friedman, whose essence is that countries that have the ability
of new technologies to unite the world by forming their strong connections through a combination of produc-
tion, research and marketing processes in different countries simultaneously and support the control of these
processes through the latest means of communication. Computerization includes all the tools that led to the
advancement of society and its transition from industrial to information [4, p.1].

In recent years, several synonyms of the digital economy have been used, namely: Internet economy, new
economy, web economy, and digitalization economy. In general, the digital economy is understood as the pro-
duction, sale and supply of goods and services using computer networks [5]. The digital economy is a type of
market of subjects of the economic system in which one, several or all stages of economic processes are carried
out using information and communication technologies (ICT); one of the manifestations of economic freedom,
innovation and the level of development of the modern economy [6, p. 487].

Maryam Farhadi from the Islamic Azad University and a group of authors in the article "The use of infor-
mation and communication technologies and economic growth" proved that there is a positive relationship
between the growth rate of real GDP per capita and the ICT use index (measured by the number of Internet
users, Internet subscribers and the number of mobile subscribers per 100 inhabitants). Further investments in
the high-tech sector can simply improve digital transformation and, if used correctly, have a positive effect on
macroeconomic indicators. Based on panel data on countries, M. Farhadi, R. Ismail and M. Fooladi showed
that there is a positive relationship between the growth rates of real GDP per capita and the ICT use index[7].

The specialists of the Economist Intelligence Unit, based on their study of the impact of information and
communication technologies (ICT) on economic growth, came to the conclusion that these technologies con-
tribute to economic growth in countries, but only after they reach a certain level of ICT prevalence. According
to the authors and researchers T. V. Mirolyubov M. V. Radionova, if the scale of the spread of digital technolo-
gies has not reached the required level, their impact on economic growth is either absent or negative.

Digitalization index analysts Sabbach and researchers such as Katz and Kutrumpis suggest indicators such as
the digitalization index. One of the most used indicators of digital transformation is the digitalization index. It was
designed to assess the aggregate, unified impact of discrete information and communication technologies [8,9].

Information technologies are widely regarded as an effective tool and a key factor of development for al-
most all countries of the world. It is also a vital component of infrastructure in any country and plays a crucial
role in the socio-economic environment.
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The period of entry into the digital economy requires a rapid response to changes in the labor market, in-
vestments in human capital and activities for its qualitative improvement, adaptation to new conditions, and
programmatic measures on the part of the state. Digital technologies are transforming the modern education
sector in the following ways: highly professional training, knowledge of ICT, language training, continuity of
education [10, p.121].

Researcher R. Razia established a link between ICT and GDP per capita and proved that GDP growth pre-
cedes growth in the field of ICT. The author identified a positive relationship between GDP per capita and ICT
and concluded that the economic impact of ICT on GDP per capita will grow over time [11, p. 490].

The development of the information and communication technologies sector is closely related to the devel-
opment of the economy-the higher the level of development of the economy, the higher the level of develop-
ment of information and communication technologies. At the same time, there is also feedback, the growth of
the information and communication technology sector, in addition to the increase in the number of jobs, will
increase the efficiency of other sectors of the economy [12, p.138]

In various studies of the impact of digital transformation on the economies of countries, the following indi-
cators were identified as the main factors. In one study of Ecuador, increased internet penetration and emerg-
ing technology adoption correspond with compound annual growth rates of 7.89% and 26.23% (p < 0.001).
Across multiple emerging regions, regression and panel analyses indicate that enhanced internet, broadband,
and mobile access consistently yield positive economic outcomes. For example, Kasap (2025) reports that in-
ternet usage and mobile access have coefficients ranging from 1.70 to 1.92 (p-values between 0.001 and 0.014)
in BRICS-T countries [13, p.12], while Asma et al. (2024) show that a 1% rise in a digital index is associated
with a 0.1093% increase in growth across 87 emerging economies (p < 0.05) [14, p.21].

Policy-related factors, such as institutional quality and digital financial inclusion (yielding, for instance,
a 0.3% GDP uptick per 1% increase in access as noted by Dey, 2025), further refine these effects and vary by
region [15].

Here's a revised Introduction, significantly streamlined to reduce general context, clearly define the re-

search gap and objectives, and emphasize the novelty, as per the reviewer's comments.

INTRODUCTION

The digital economy is a number of economic activities in which digital knowledge and information are
used as key factors of production, modern information networks as an important carrier, and the effective use
of information and communication technologies as an important driving force for improving efficiency and
optimizing the economic structure.

Today, digital technologies are an everyday phenomenon. The result of the promotion of digitalization is
that almost half of the world's population has access to the Internet. And the main goal of digitalization char-
acterizes the widespread dissemination and use of the potential of information and communication technolo-
gies in order to support progress in economic sectors, stimulate scientific and technological development and
achieve economic growth [1, p. 89].

Nowadays, a new economic form of the digital economy has penetrated into all spheres of life and has
radically changed the development environment and forms of activity of the economic society. The digital
economy is a trend of future economic development. This is a powerful driving force for deepening supply-
side structural reforms and narrowing the gap between developed countries.

Today, economic growth is impossible without the use of information and communication technologies,
since they cover more and more diverse spheres of economic activity.

The availability of information is a trend of our time.Digital technologies are radically changing the world.
The formation of an effective digital economy will open up significant opportunities for the creation and devel-
opment of business, help in increasing investment flows and financial resources of the world.

GDP is often used as an indirect indicator of the state of the economy. This is a relatively accurate number
that signals every quarter whether the economy is growing or shrinking. However, GDP reflects only the mon-
etary value of all final goods produced in the economy. Since it only measures how much we pay for things,
not what benefits we get, the consumer's economic well-being may not correlate with GDP. In fact, sometimes
it falls when GDP is growing, and vice versa.
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It should be said that digitalization or digital transformation of the economy is a comprehensive concept
that covers the entire range of human activities, corporate and government institutions [2, p. 21].

Information and Communication Technologies (hereinafter referred to as ICT) are undoubtedly an impor-
tant sector in the field of economic development. Nevertheless, there is still some doubt that ICT spending
(public as well as private capital one) has a significant impact on GDP growth.

Literature review. The modern literary base has many studies devoted to the consideration of the impact of
digital transformation on the economic development of the state as a whole. For example, L. Michich examines
the impact of investments in information and communication technologies and the value of GDP per capita on
the example of a number of European states. According to the author, a higher share of investments in ICT in
the GDP of the state accompanies a higher value of GDP per capita.

According to A.V. Golubeva, the digital economy, which is a fundamentally new type of economic activity,
in which the main role is assigned to information, as well as technologies and tools for its management [3, p. 75].

According to the research by O. Kravchenko, M. Leshchenko, and D. Marushchak, the development of the
digital economy as a whole can be characterized as a process in which information technologies, such as the
Internet or other means of communication, change economic and social relations in such a way that a number
of obstacles in international economic relations are completely eliminated or minimized. In this context, it is
worth noting the statement of T Friedmann. Friedman, whose essence is that countries that have the ability
of new technologies to unite the world by forming their strong connections through a combination of produc-
tion, research and marketing processes in different countries simultaneously and support the control of these
processes through the latest means of communication. Computerization includes all the tools that led to the
advancement of society and its transition from industrial to information [4, p.1].

In recent years, several synonyms of the digital economy have been used, namely: Internet economy, new
economy, web economy, and digitalization economy. In general, the digital economy is understood as the
production, sale and supply of goods and services using computer networks [5]. The digital economy is a type
of market of subjects of the economic system in which one, several or all stages of economic processes are
carried out using information and communication technologies (ICT); one of the manifestations of economic
freedom, innovation and the level of development of the modern economy [6, p. 487].

Maryam Farhadi from the Islamic Azad University and a group of authors in the article "The use of infor-
mation and communication technologies and economic growth" proved that there is a positive relationship
between the growth rate of real GDP per capita and the ICT use index (measured by the number of Internet
users, Internet subscribers and the number of mobile subscribers per 100 inhabitants). Further investments in
the high-tech sector can simply improve digital transformation and, if used correctly, have a positive effect on
macroeconomic indicators. Based on panel data on countries, M. Farhadi, R. Ismail and M. Fooladi showed
that there is a positive relationship between the growth rates of real GDP per capita and the ICT use index[7].

The specialists of the Economist Intelligence Unit, based on their study of the impact of information and
communication technologies (ICT) on economic growth, came to the conclusion that these technologies con-
tribute to economic growth in countries, but only after they reach a certain level of ICT prevalence. According
to the authors and researchers T. V. Mirolyubov M. V. Radionova, if the scale of the spread of digital technolo-
gies has not reached the required level, their impact on economic growth is either absent or negative.

Digitalization index analysts Sabbach and researchers such as Katz and Kutrumpis suggest indicators such as
the digitalization index. One of the most used indicators of digital transformation is the digitalization index. It was
designed to assess the aggregate, unified impact of discrete information and communication technologies [8,9].

Information technologies are widely regarded as an effective tool and a key factor of development for al-
most all countries of the world. It is also a vital component of infrastructure in any country and plays a crucial
role in the socio-economic environment.

The period of entry into the digital economy requires a rapid response to changes in the labor market, in-
vestments in human capital and activities for its qualitative improvement, adaptation to new conditions, and
programmatic measures on the part of the state. Digital technologies are transforming the modern education
sector in the following ways: highly professional training, knowledge of ICT, language training, continuity of
education [10, p.121].
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Researcher R. Razia established a link between ICT and GDP per capita and proved that GDP growth pre-
cedes growth in the field of ICT. The author identified a positive relationship between GDP per capita and ICT
and concluded that the economic impact of ICT on GDP per capita will grow over time [11, p. 490].

The development of the information and communication technologies sector is closely related to the devel-
opment of the economy-the higher the level of development of the economy, the higher the level of develop-
ment of information and communication technologies. At the same time, there is also feedback, the growth of
the information and communication technology sector, in addition to the increase in the number of jobs, will
increase the efficiency of other sectors of the economy [12, p. 138]

In various studies of the impact of digital transformation on the economies of countries, the following indi-
cators were identified as the main factors. In one study of Ecuador, increased internet penetration and emerg-
ing technology adoption correspond with compound annual growth rates of 7.89% and 26.23% (p < 0.001).
Across multiple emerging regions, regression and panel analyses indicate that enhanced internet, broadband,
and mobile access consistently yield positive economic outcomes. For example, Kasap (2025) reports that in-
ternet usage and mobile access have coefficients ranging from 1.70 to 1.92 (p-values between 0.001 and 0.014)
in BRICS-T countries [13,p.12], while Asma et al. (2024) show that a 1% rise in a digital index is associated
with a 0.1093% increase in growth across 87 emerging economies (p < 0.05) [14,p.21].

Policy-related factors, such as institutional quality and digital financial inclusion (yielding, for instance,
a 0.3% GDP uptick per 1% increase in access as noted by Dey, 2025), further refine these effects and vary by
region [15].

Despite these broad insights, there remains a notable research gap concerning a targeted quantitative analy-
sis of digitalization's impact on economic development, specifically in Kazakhstan. While the general impor-
tance of ICT is acknowledged, there is a lack of specific regression-correlation studies using a comprehensive
set of quantifiable digital economy indicators to precisely forecast GDP per capita within the unique economic
context of Kazakhstan for the period 2000-2023.

This study aims to address this gap by answering the following research questions:

1. Which specific digital economy indicators have the most significant statistical influence on Kazakh-
stan's GDP per capita between 2000 and 2023?

2. How can these indicators be utilized to develop robust regression models for forecasting Kazakhstan's
GDP per capita under various scenarios?

3. What are the practical implications of these findings for policymakers in Kazakhstan regarding strate-
gies to leverage digitalization for sustained economic growth?

The novelty of this research lies in its application of a specific regression-correlation approach, utilizing
time-series data from 2000 to 2023, to quantitatively analyze and forecast the impact of key digital economy
indicators on GDP per capita specifically for Kazakhstan. This provides unique, empirically validated insights
tailored to the country's economic development trajectory and digital transformation efforts.

MAIN PART

In the modern world, many countries strive to transform their economies based on digitalization. A review
of government policy documents and scientific literature confirms that a fundamental factor in progressive
economic development is the high innovative activity of the economy. The creation of new information and
communication technologies serves as a powerful basis for increasing the potential for economic development,
and developed infrastructure ensures access to and use of ICT for the country's population.

For this study, a regression-correlation approach was applied, utilizing the stepwise regression method in
IBM SPSS Statistics software. This approach allows for the identification of the most significant factors influ-
encing economic development.

Data Sources and Ethical Considerations: The study is based on publicly available statistical data for the
period 2000-2023, provided by the Statistics Committee of the Ministry of National Economy of the Republic
of Kazakhstan [15,16,17].

The use of open data ensures the transparency and reproducibility of research results, as well as adherence
to ethical standards for conducting scientific work.
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Variable Selection and Justification: The dependent variable (Y) chosen was the Gross Domestic Product
per capita, calculated by the production method (in tenge). This indicator is a key macroeconomic metric
reflecting the level of a country's economic development and the potential aggregate impact of digitalization.

Initially, independent variables were considered for analysis, selected based on their proven relevance in the
context of digital transformation and economic growth in both international and domestic literature [Table 1].

Table 1 - Data & Variables

Indicator Name Variable Unit Frequency Transformation

GDP per capita Y Tenge (nominal) Annual Btehi:;alted to constant prices; Loga-
Organizations in R&D X1 Units Annual None

. e . Deflated to constant prices; Loga-
Innovative Products X2 Million tenge (nominal) | Annual rithm
Computer Literacy X3 % Annual None
Innovative Activity X4 % Annual None
Personnel in R&D X5 Persons Annual None
Internet Users X6 % Annual None
R&D Expenditures X7 Million tenge (nominal) | Annual Sgﬂgted to constant prices; Loga-
Note-Compiled by authors.Source: Bureau of National statistics Agency for Strategic planning and reforms of the Republic of
Kazakhstan

These indicators allow for a comprehensive assessment of various aspects of digital transformation, includ-
ing investments in innovation, results of innovative activities, the level of digital skills among the population,
and the reach and use of information technologies.

Table 2 - A set of indicators based on the sample

Model R R-square Adjusted R-square Standard estimation error DW
1 1989¢ 979 978 158
2 ,994° ,988 ,987 ,122
3 ,996° ,992 ,991 ,100
4 ,997¢ ,995 ,994 ,084 1,049

a. Predictors: (constant), X7
b. Predictors: (constant), X7, X6
c. Predictors: (constant), X7, X6, X5

d.Predictors: (constant), X7, X6, X5, X1

Note — calculated by the authors in the IBM SPSS Statistics program

The table 2 presents the results of a stepwise regression analysis, showing how the model's explanatory
power improves with the addition of each new predictor.

R-squared (R?) indicates the proportion of the variance in the dependent variable Y (GDP per capita) that is
explained by the independent variables.

Model 1 (R*=0.979): The single variable X7 (Internal R&D expenditures) explains an impressive 97.9%
of the variation in Y.

Model 2 (R? = 0.988): With the addition of X6 (Internet users), the model's explanatory power increases to
98.8%.
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Model 3 (R?=0.992): Adding X5 (R&D personnel) further boosts the model to 99.2%.

Model 4 (R?=0.995): The final model, including X1 (R&D organizations), explains 99.5% of the variance
inY.

This is a more conservative measure that accounts for the number of predictors. The high values of adjusted
R-squared (ranging from 0.978 to 0.994) confirm that the added variables genuinely improve the model's fit
and are not just capitalizing on chance.

The p-value for the F-test of change. A value less than 0.05 indicates a statistically significant improve-
ment.

For every step (Model 1 through 4), the Sig. F Change value is well below 0.05 (0.001, 0.001, 0.003, 0.008).
This means that each predictor (X7, X6, X5, and X1) makes a statistically significant contribution to explain-
ing the variation in GDP per capita, even after accounting for the previous variables.

The standard error progressively decreases from 0.158 in Model 1 to 0.084 in Model 4. This confirms that
adding each variable results in a more precise and accurate model for predicting Y.

Based on this summary, the four-variable model (X7, X6, X5, X1) is the best fit, as it has the highest R-
squared and the lowest standard error. All four predictors are highly significant and collectively account for
an extremely large portion of the variance in GDP per capita. The stepwise method effectively identified these
variables as the most important drivers of Y.

Table 3 - ANOVA results

Model Sum of Squares df Mean Square F Significance
1 Regression 25.819 1 25.819 1030.932 <.001°
Residual 551 22 .025
Total 26.370 23
2 Regression 26.057 2 13.028 872.422 <.001¢
Residual 314 21 .015
Total 26.370 23
3 Regression 26.172 3 8.724 880.199 <.001¢
Residual 198 20 .010
Total 26.370 23
4 Regression 26.235 4 6.559 922.377 <.001¢
Residual 135 19 .007

b. Predictors: (Constant), X7.

c. Predictors: (Constant), X7, X6

d. Predictors: (Constant), X7, X6, X5

e. Predictors: (Constant), X7, X6, X5, X1
Note-Compiled by authors in IBM SPSS Statistics

The ANOVA table 3 provides a breakdown of the total variance in the dependent variable (Y) and assesses
the overall statistical significance of each regression model.

Model 1: The first model, with X7 as the sole predictor, is highly significant (p < 0.001). The F-statistic of
1030.932 indicates that the model's regression component explains a significantly greater amount of variance
than the residual (unexplained) component. This confirms that X7 is a powerful predictor of Y.

Model 2: The second model adds X6 to the equation. The F-statistic remains highly significant (p < 0.001)
at 872.422, confirming that the combined model with X7 and X6 is also a strong predictor of Y. The Sum of
Squares for Regression increases from 25.819 to 26.057, while the Sum of Squares for Residual decreases
from 0.551 to 0.314, indicating that the addition of X6 improved the model's explanatory power.
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Model 3: This model includes X7, X6, and X5. The F-statistic is 880.199 and is highly significant (p <
0.001). The Sum of Squares for Residual continues to decrease to 0.198, which means less variance is left
unexplained.

Model 4: The final model includes all four predictors: X7, X6, X5, and X1. The F-statistic of 922.377 is
again highly significant (p < 0.001). The Sum of Squares for Residual is at its lowest (0.135), showing that this
model provides the best overall fit and leaves the least amount of unexplained variance.

The consistent highly significant p-values across all models (<0.001) indicate that each model, from the
simplest to the most complex, is statistically valid and that the set of predictors collectively explains a signifi-
cant portion of the variance in the dependent variable Y. The continuous decrease in the Sum of Squares for
Residuals across the models confirms that each added variable contributes to a better-fitting model.

Table 4 - Regression statistics

Non-standardized Standardized
Model coefficients coefficients t Value
B Standard error Beta
1 (Constant) 2.160 374 5.780 <.001
X7 1.131 .035 .989 32.108 <.001
2 (Constant) 4.264 .602 7.088 <.001
X7 907 .063 793 14.486 <.001
X6 .033 .008 218 3.987 <.001
3 (Constant) 4.403 492 8.953 <.001
X7 964 .054 .843 17.955 <.001
X6 .045 .008 294 5.904 <.001
X5 -4.172E-5 .000 -.140 -3.412 .003
4 (Constant) 5.785 .623 9.279 <.001
X7 738 .088 .646 8.360 <.001
X6 .062 .009 411 7.144 <.001
X5 -3.485E-5 .000 -.117 -3.284 .004
X1 .002 .001 105 2.979 .008
Note - Compiled by authors in IBM SPSS Statistics

Based on the analysis of the regression results from table 4, the final model provides a powerful explanation
for the variance in Gross Domestic Product per capita (Y). The stepwise regression approach identified four
key factors from the provided list as significant predictors.

The final regression model (Model 4), which includes Internal R&D Expenditures (X7), Internet Users
(X6), R&D Personnel (X5), and R&D Organizations (X1), demonstrates an extremely high level of predic-
tive power. The R-squared value of 0.995 indicates that these four variables collectively explain 99.5% of the
variation in GDP per capita. The Adjusted R-squared of 0.994 confirms that this high explanatory power is not
simply due to the number of variables in the model. The overall model is also highly statistically significant
(p<0.001), as evidenced by the ANOVA results, validating its strong predictive capability.

As the values of Y and X7 were the natural logarithms (In) of their original values, the model would be
transformed into a log-linear model

In(Y)=5.785+0.738-In(X7)+0.062-X6—0.00003485-X5+0.002- X1 (1)

This is a log-log model for Y and X7, and a log-linear model for the other predictors (X1, X5, X6). The
interpretation of coefficients in a log-log model is based on elasticities, which are more useful for economic
analysis as they describe proportional changes.

For every 1% increase in Internal R&D Expenditures (X7), GDP per capita (Y) is expected to increase by
0.738%, all else being equal.

This shows that GDP per capita is inelastic with respect to R&D expenditures, as the percentage change in
Y is less than the percentage change in X7.
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The coefficients for the non-log-transformed variables are interpreted as semi-elasticities.

A one-unit increase in the Number of R&D Organizations (X1) is associated with a 0.2% increase in GDP

per capita.

A one-unit increase in the number of Internet Users (X6) is associated with a 6.2% increase in GDP per

capita.

A one-unit increase in the number of R&D Personnel (X5) is associated with a -0.003485% decrease in
GDP per capita. This counter-intuitive finding warrants further discussion. While statistically significant, a
negative relationship suggests potential inefficiencies or complexities in the R&D sector. This could stem
from factors such as a lag between the increase in personnel and the actual economic output, issues with the
quality or productivity of R&D personnel, or a misalignment between research efforts and market needs. It is
also possible that a threshold effect exists, where beyond a certain number, additional personnel do not yield

proportional returns to GDP per capita, or that other, unobserved factors are at play.
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Figure 1-Dynamics of Organizations in R&D (X1), - Number of personnel employed in research and
development by category (persons)(X5), Internet users (population, million people) (X6), Internal

expenditures on research and development (R&D), million tenge (X7)
Note-Compiled by authors

Time-series diagnostics. As DW = 1.049 in our model we have calculated the formal tests for stationarity

(ADF) and autocorrelation (Breusch-Godfrey)

Augmented Dickey-Fuller (ADF) Test for Stationarity
Null Hypothesis (HO): The time series has a unit root (i.e., it is non-stationary).
Alternative Hypothesis (H1): The time series is stationary.
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Table 5 - Augmented Dickey-Fuller (ADF) test for stationarity

Variable ADF Statistic p-value | Conclusion

Y (GDP per capita) -0.197 0.939 Non-Stationary
X1 (R&D Organizations) -2.625 0.088 Non-Stationary
X5 (R&D Personnel) -1.745 0.408 Non-Stationary
X6 (Internet Users) -0.066 0.952 Non-Stationary
X7 (R&D Expenditures) -0.366 0.916 Non-Stationary
Note - Calculated by authors in IBM SPSS Statistics

For all variables, the p-value is significantly higher than the standard 0.05 significance level. This means
we do not reject the null hypothesis. Therefore, we conclude that all variables—Y, X1, X5, X6, and X7—are
non-stationary. This finding is a significant limitation of the current model, as it introduces a substantial risk
of spurious regression. While the high R-squared value indicates a strong historical fit, the non-stationarity of
the series implies that the observed relationships may not reflect true long-term causality and could be merely
coincidental.

Breusch-Godfrey test for autocorrelation

Null Hypothesis (HO): There is no serial correlation in the residuals up to the chosen order.

Alternative Hypothesis (H1): Serial correlation exists.

This test was performed on the residuals from our final regression model (Model 4).

Table 6 - Breusch-Godfrey test for autocorrelation

Statistic Value p-value Conclusion
F-statistic 2.103 0.166 No Autocorrelation
LM-statistic 2.198 0.138 No Autocorrelation
Note - Calculated by authors in IBM SPSS Statistics

The p-values for both the F-statistic and the LM-statistic are above 0.05 (table 6). Therefore, we do not
reject the null hypothesis. There is no statistically significant evidence of serial correlation in the residuals of
our model.

The time-series diagnostics, including the Augmented Dickey-Fuller (ADF) test, explicitly indicate that
all variables are non-stationary. This significantly restricts the model's reliability for forecasting and estab-
lishing true long-run relationships, as it raises substantial concerns about potential spurious regression. The
analysis also reveals an unexpected negative relationship with R&D personnel (X5), suggesting a need for
further investigation into the efficiency of human capital allocation in the R&D sector. To address the issue of
non-stationarity and establish a reliable long-run relationship for predictive purposes, future research should
employ more robust econometric methods, such as cointegration analysis or error-correction models.

The results offer crucial policy implications, emphasizing the importance of continued investment in R&D
and digital technology, while also highlighting the need for future research using more robust econometric
methods, such as cointegration analysis, to establish a reliable long-run relationship for predictive purposes.

CONCLUSION

The regression analysis provides compelling evidence that a set of key innovation and technological indica-
tors are highly effective predictors of GDP per capita in Kazakhstan. The final stepwise model, which includes
Internal R&D expenditures, internet users, R&D organizations, and R&D personnel, accounts for over 99% of
the variance in the dependent variable. The results underscore the profound impact of financial investment in
research and development and the adoption of digital technologies on economic growth.

However, the time-series diagnostics performed revealed that the variables are non-stationary, which raises
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a concern regarding a potential spurious regression. While the model demonstrates a strong historical fit, this
non-stationarity limits its reliability for forecasting future trends. The unexpected negative coefficient for R&D
personnel also suggests a complex relationship that warrants further investigation, potentially indicating inef-
ficiencies or a mismatch between human capital investment and economic output.

The findings of this study offer several valuable insights for policymakers and researchers.

1. The significant positive impact of R&D expenditures and internet users provides a clear, data-driven
foundation for national policy. Directing public and private investment toward these areas is likely to yield
substantial economic returns. Specifically, policies aimed at increasing digital literacy and expanding broad-
band infrastructure should be prioritized to sustain and accelerate economic growth.

2. The unexpected finding regarding R&D personnel necessitates further research. Future studies should
explore the qualitative aspects of this relationship, examining factors such as the productivity of the R&D
workforce, the strategic allocation of research funding, or the potential for a time lag between human capital
investment and its full economic realization.
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KA3AKCTAHJATBI HU®PJIBIK OKOHOMUKAHBIH
JAMY TEHAEHHUAJAPBI: CTATUCTUKAJIBIK TAJIIAY

1. B. Kaanioexosa'*, 7K. /K. Ec:kanosat
'Kemkeranu CarazirieB aTbIHIarbl XalbIKapaabslK Ou3Hec yHuBepcuteTi, Anmmarsl, Kazakcran

AHIATIIA

3epmmeyoiy  makcamwvl: byl Makana kaH OacblHa 1rakkasmarel JKIO esrepictepin  Ooipkay
YIIIH CTaTUCTHKAIBIK JEPEKTepJi MaijajiaHa OThIPbI, Ka3zakcTaHHBIH 3KOHOMHMKAIBIK ITH(PIIBIK
TpaHCPOPMAIMSICBIHBIH KOPCETKIIITEPIH Talgay YIIiH PerpecCHsIIBIK-KOPPEISIUSIIBIK TICUIII KOIJaHa bl
Byt ranmay b MakcaThl — UQPIIaHBIPYIbIH €JIJ11H YKOHOMHUKAJIBIK JaMYbIHA 9CEPIH 3ePTTEY KOHE U (PIIBIK
9KOHOMMKAHBIH JIaMYbIH KO3FaUTBIH HET13T (PaKTopiIapibl KOPHITBIHABLIAY.

3epmmey adicnamacei: PerpeccUsUIBIK MOJENbAEpl Oaranay »XOHE CICHapHUMIiK Ooibkamaap skacay
yiriH pecmu craructukanbl (2000-2023) xone IBM SPSS craTucTukaibik OarmapiaMaliblK jKacaKTaMachIH
KOJIJTAaHAMBI3.

O3in0ix/ KyHOvLIbIK: 3epTTeyIiH Heri3Ti KYHIBUIBIFBI HUPPIBIK IKOHOMUKAHBIH HEr13T1 KOPCETKIIITEPiH
JKOHE OJIAPJIbIH €JIIIH KaH OackiHa maKkaHarel JKIO-re ocepin Tannay 0oJibin TaObLIAIbI.

Homuowcenepi: Oy 3epTTey WHHOBAIMSUIAD MEH TEXHOJIOTHMSJIAPJBIH HETI3r KOPCETKIIITEpI MEH
Kazakcrannarbl )kaH OachlHa IIAKKAHIAFbI )KAJIIIbI 11K ©HIMMEH OJIIIICHETIH SKOHOMUKAJIBIK 6CIM apachIH/IaFbl
OaitnmanpicThl 3eprreiiai. 2000-2023 KbpUigap apalbiFbIHIAFbl YaKbIT KaTapiapblHbIH JEPEKTePiH KE3CH-
Ke3eHIMEH OipHelle peT perpecCHsUIbIK Tajjiay bl MaiijjaiaHa OThIPBIN, >KaH OachiHa makkaHaarbl JKIO-re
acep eTeTiH eH MaHbI3/bl hakTopiapabl aubikTay el F3TKXK-ra, UaTepHeT nmaiananybiiapbiHa, FhUIBIME-
3eprrey yitbimaapbina (X1) sxone F3TKIK kpi3sMeTkepriepine apHaiiFaH 1IIKi HIBIFbIHAAPBl KAMTUTBIH COHFBI
MoJiesib R2 xoaddummenti 0,995 GonareiH xoFapsl TYCIHIIpY KaOineTiH kepceTeni. 3epTrey HOTHKesepi
3epTTeyJIep MEH d3ipiieMeliepre )oHe U(PIIBIK MHPPAKYPBUIBIMFA KAPKbLUIBIK MHBECTHIIHSLIIAP YKOHOMHUKAIIBIK
OCY/IIH €H KYIITI (hakTopiapbl OOJIBII Ta0BUIATHIHBIH KOPCETE/I.

Tyuin cozdep: Kanmbl imki eniMm (OKIO), AxnapaTThIK-KOMMYyHUKaIMsUIbIK TexHonorumsmap (AKT),
Hudpasik sxoHoMuKa, FrutbIMH-3epTTey TOXipHOenik- KoHCTpykTopiblK xymbicTap (F3TKXK), ramamrop,
WHHOBAILUSJIBIK OHIMJIEP.
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TEHAEHIIAU PA3BUTHUSA IU®PPOBOM YKOHOMUKH
B KABAXCTAHE: CTATUCTUYECKHWIN AHAJIN3

. b. Kaaeioexosa®*, K. K. Ecxkanosa!l
'VuuBepcuter MesxxayHapoaHoro ousneca M. Kemkeranu Caraguesa. Anmarsl, Kazaxcran

AHHOTALIMUA

[]ens: B naHHOM cTaThe UCIOIB3YETCS PErPECCUOHHO-KOPPEISAIIMOHHBIN IMOJIX0/1 I aHAIM3a [oKazaTesei
ungpoBoil Tpanchopmanum skoHOMHKH KazaxcraHa ¢ HMCIONB30BAHWEM CTATUCTHYECKUX TaHHBIX IS
npordo3upoBanus nusmenenus BBII Ha nymry Hacenenus. Llenbro 1aHHOTO aHan3a SIBISIETCS UCCIEOBAHUE
BIUSHAS [H(PPOBU3ANMK HAa DKOHOMHYECKOE pPa3BUTHE CTpaHBI W 0000IIEHWE OCHOBHBIX (PaKTOpPOB,
CITOCOOCTBYIOITUX PA3BUTHIO ITUGPOBON YKOHOMHUKH.

Memoowvi: Mpl ucnonszyeM oduimanbHyto cratuctuky (2000-2023 1T.) M mporpammHoe obecrieueHne
IBM SPSS Statistics /7151 OIIEHKH perpecCHOHHBIX MOJIEIEH M COCTABICHUS CIICHAPHBIX POTHO30B.

Opueunansrocmo/yenHocms: OCHOBHAS IIEHHOCTD 3TOT'O UCCIIEA0BAHUS 3aKITIOYAETCS B aHATN3E KITFOYEBBIX
rokazatelneii udpoBoii SKOHOMUKHY U X BIussHnA Ha BBII cTpaHbl Ha mynry HaceleHHs.

Pe3zynemamul: B maHHOM MCCIIEZIOBAHUN HCCIEAYETCS B3aUMOCBS3h MEXy KIIOYEBBIMHU IMOKA3aTENIMU
WHHOBAIIUW W TEXHOJIOTHI M SKOHOMHUYECKHUM POCTOM, U3MEPSEMBIM BaJOBBHIM BHYTPEHHUM IPOJYKTOM Ha
nyury Hacenenusi B Kazaxcrane. Mcnosb3yst MomaroBblii MHOKECTBEHHBIA PErPECCUOHHBIN aHAJIU3 JaHHBIX
BPEMEHHEIX psioB 3a repuoxa ¢ 2000 mo 2023 roa, MBI BEISIBHIN HanOoJiee 3HAUNMbIE (PaKTOPHI, BIUSIIONINE
Ha BBII ma gymry nacenenus. OkoHUaTeNbHAS MOJENb, BKIIOUaromas BHyTpeHHne pacxoasl Ha HUOKP,
ToyTh30BaTeNe MHTepHeTa, HAyYHO-HCCIeN0BaTeNbCKIE opranm3anuu (X1) u mepcoHan, 3aHUMAaIONTHHCS
HUOKP, neMOHCTpUpPYET BBICOKYIO OOBSICHUTEIBEHYIO CITIOCOOHOCTh ¢ Koddhdummentom R2, paBabM 0,995.
Pe3ymnpraTer MccnenoBaHUsS MMOKA3bIBAIOT, YTO (DMHAHCOBBIE WHBECTHIIMM B MCCIEAOBAaHUS W pa3pabOTKU U
ndpoByI0 HHGPACTPYKTYPY ABISIOTCS HanOO0JIee MOITHBIMU (haKTOpaMu YKOHOMHYECKOTO POCTA.

Krrouesvle cnosa: BamoBoit BHyTpeHHni nponykt (BBII), MubopMmammoHHO - KOMMYHHKAITMOHHBIC
texroyornn (MKT), Ludposas sxonomuka, HaydHO-MCCIIeMOBAaTEIBCKUE W OMBITHO-KOHCTPYKTOPCKHE
pabotrer (HUOKP), MaTEepHET, HHHOBAIIMOHHBIEC TIPOTYKTHI.
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