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Abstract: - The aim of this study is to empirically assess whether the regular use of Al in the educational
process can be considered as an indicator of the foster of digital competencies relevant for the future labor
market and innovative culture. The theoretical basis is human capital theory, within which the use of Al is
interpreted as a form of early investment in digital competencies. The empirical base includes survey data from
students in Kazakhstan, Poland, and Ukraine. To test the research hypothesis a parametric t-test with a
threshold of 50% is used. The findings indicate that students can act as drivers of Al innovation only if artificial
intelligence is widely and constantly integrated into educational practices. From a practical perspective, the
results highlight the importance of educational policies focused on the development of digital competencies as
a key element in shaping the innovative potential of the future labor market.
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1 Introduction performance. In turn, human capital is the value that
The development of the digital economy and the employees  provide through the gpplication of
formation of an innovative culture, [1], [2], knov.vl-edge, competencies, an_d experience, [7]. The
increasingly depend not only on technological empirical basis of our paper is [8]. The data of [8]’
infrastructure but also on the quality of human prove that students do not use Al tools on a daily
resources, [3], capable of creating, adapting, and basis for educational purposes.
using digital technologies. In this context, the higher ) )
education system, serving as a key mechanism for 1.1 Theoretical basis of the study (Human
fostering the competencies of future labor market Capital Theory)
participants, [4], is acquiring a special role. Among The theoretical basis of this study is Human Capital
these competencies, competencies related to the use Theory, [9], [10], [11], according to which the
of artificial intelligence tools are increasingly knowledge, competencies, and abilities acquired by
occupying a significant place, [5], [6]. an individual through education and training are
Our paper builds on the results previously viewed as a form of investment that increases their
published in [7], [8]. The data, [7], argue that future productivity.
innovation is an important channel through which Human capital is a concept used by economists
firms respond to labor market conditions. The to denote personal qualities and competencies
accumulation of human capital allows companies to considered useful in the production process, [12].
increase the value of their equity and improve Adam Smith defined human capital as "the acquired
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and useful abilities of all the inhabitants or members
of society", [13]. The relatively new concept, [9],
emphasizes that in many cases, human capital is
accumulated specifically for the nature of the task
(or the competencies required to perform that task).

In the classical interpretation, human capital is
formed through formal education, on-the-job
training, and experience, [5], [6], [8], [14].
Research, [15], has shown a positive relationship
between digital competencies and  online
capabilities, information advantages, and technology
orientation. In the context of digital transformation,
this theory is being further developed, as digital and
Al competencies are becoming an independent and
strategically important component of human capital.

From the perspective of human capital theory,
the regular use of artificial intelligence in the
educational process can be viewed as a form of
early investment in digital skills. Such investments
are not limited to technical mastery of tools, but
include the development of analytical thinking, the
ability to work with data, automate routine tasks,
and interact with intelligent systems.

In this context, student experience is particularly
important. Unlike established employees, students
are actively fostering professional competencies and
behavioral patterns that will later be transferred to
the labor market. The frequency of using artificial
intelligence in educational activities reflects the
degree of integration of digital tools into individual
educational strategies and can serve as an indicator
of readiness for Al innovation.

Digital human capital associated with Al is
considered a factor in increasing the innovative
potential of organizations and the economy as a
whole. Employees with experience using Al tools
adapt more quickly to technological changes,
demonstrate higher productivity, and are more
engaged in innovation processes. Consequently, the
accumulation of such competencies during higher
education has long-term significance for the
formation of an innovative culture and the
sustainable development of the digital economy.

However, students' frequency of use of Al tools
maynot be automatically interpreted as an indicator
of a high level of digital competencies or innovative
capacity. Systematic use of Al rather reflects the
level of students' engagement with digital
technologies and the extent of their inclusion in the
digital educational practice. Within the framework
of human capital theory, such interaction can be
viewed as an early stage of digital human capital
formation. Frequent use of Al tools increases the
likelihood of accumulating relevant competencies,
work experience, and familiarity with digital
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technologies. This study does not interpret
frequency of Al use as a direct indicator of
innovative capacity. Rather, it views frequency as
an indirect indicator of the formation of conditions
conducive to the development of digital
competencies. Then, they can subsequently facilitate
innovative activity at the level of both individual
organizations and the economy as a whole.

This study suggests that students who regularly
use artificial intelligence in their education are not
passive consumers of digital technologies, but
potential disseminators of innovative practices.
Their educational experience forms the basis for
future professional behavior focused on using Al as
a tool for improving efficiency and generating
innovation. In this sense, students can be viewed as
one of the driving forces of digital innovation (Al
innovation), indirectly influencing the development
of an innovative culture in the economy.

Thus, relying on human capital theory allows us
to conceptually link the use of artificial intelligence
in the educational process with broader processes of
digital transformation and innovative development.
This theoretical framework provides the basis for
formulating the research problem and subsequent
analysis of empirical data aimed at assessing the
role of students as bearers of digital human capital
in the emerging digital economy. If students indeed
develop digital human capital already during their
education, this should manifest itself in statistically
significant differences between groups of students
with different frequencies of Al use.

The scientific novelty of the study lies in the
comparative empirical analysis of students' use of
Al tools in educational contexts across different
countries and in an attempt to link microbehavioral
practices of using Al with the formation of digital
human capital and potential innovative activity.

1.2 Research hypothesis
Relying on human capital theory, the study suggests
that the majority of students (>50%) actively
integrate artificial intelligence into their learning, as
evidenced by the statistically significant
predominance of students regularly using Al

This suggests that students can be viewed as a
potential driver of Al innovation in the digital
economy.

2 Problem Formulation

In the context of the digital economy and the
growing role of artificial intelligence in innovation
processes, there is a need to empirically assess
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whether students can be considered a significant
driving force for Al innovation. Human capital
theory suggests that the widespread and regular use
of artificial intelligence in the educational process
reflects the accumulation of digital competencies
that form the basis for future innovative activity in
the labor market.

To formalize this problem, the study examines
the proportion of students who regularly use
artificial intelligence in their learning. A critical
threshold of 50% is chosen. The choice of the 50%
threshold was motivated by its interpretation as an
indicator of a "critical mass" of the spread of a
particular practice within a social group. This level
is often used as a proxy for qualitative change. Here,
the 50% threshold is not viewed as a strictly
theoretically defined turning point. Rather, it serves
as an analytical benchmark, allowing for an
empirical assessment: whether students' use of Al
has reached a level at which this practice can be
considered a systemic, rather than fragmented,
characteristic.

The research objective is to statistically test
whether the proportion of students regularly using
artificial intelligence exceeds the specified threshold
(50%). To this end, the following statistical
hypotheses are formulated:

Ho : The average intensity of regularly using
artificial intelligence by students in their learning is
not statistically significantly greater than po = 50%.
In other words, u < po.

H; : The average intensity of regularly using
artificial intelligence by students in their learning is
statistically significantly greater than po = 50%. In
other words, u > o.

Hypotheses are tested using a one-sample t-test
comparing the sample mean with a benchmark value
(Lo = 50%) at a significance level of a = 0.1 (one-
tailed test). The choice of a relatively liberal
significance level follows common practice in
exploratory social science research, [16], where the
objective is to reduce the risk of Type Il error when
testing directional hypotheses. Rejection of the null
hypothesis and acceptance of the alternative
hypothesis is interpreted as empirical confirmation
of the proposition that students form mass digital
human capital and can be considered a potential
driving force for Al-based innovation. However, the
interpretation of the results is cautious and is
considered as a basis for more in-depth research.

3 Problem Solution
Our work continues and expands on the study, [8].
Our study includes qualitative (adopting a new
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theoretical framework) and quantitative (students
from three countries were surveyed) differences.
Students from Kazakhstan and Poland were added
to the previously surveyed students from Ukraine.
Some scientific sources classify Kazakhstan as a
country that is partially part of Eastern Europe. The
different socioeconomic conditions of these
countries allow us to see whether differences in
socioeconomic development influence students'
ability to drive Al innovation.

3.1 Respondents

To study student Al usage, three Eastern European
countries were selected, [17]. These were
Kazakhstan, Poland, and Ukraine. The choice of
countries was justified by the challenges in the
Eastern European higher education market, [18].
Furthermore, the study, [8], links our work to
Eastern Europe.

All students were undergraduates. Their majors
were not related to computer science or artificial
intelligence. The general characteristics of the
respondents are presented in Table 1.

Table 1. Respondents

Indicator | Kazakhstan | Poland | Ukraine [8]
Male 154 81 88
Female 236 283 457
No answer 2 - 2
Number 392 364 547

Source: created by the authors.

Table 1 shows the total number of respondents
(1,303) and gender representation, [17]. Kazakhstani
students studied at Narxoz University. Polish
students studied at National Louis University.
Ukrainian students studied at the Khortytsia
Academy (excluding college students), [8]. The
number of respondents in each group is sufficient to
verify statistical hypotheses at a significance level
of = 0.1 and a sampling error of 5%, [16], [17].

The questionnaire was adopted from [19]. The
questionnaire was hosted in the National Louis
University cloud. Question #13 was selected for
analysis: How often do you wuse artificial
intelligence in your learning process? Students
selected one of five answer options:

v’ every day

v' 3-4 times per week

v' 1-2 times per week

v" 1-2 times per month

v" Never.

The first two answer options were assigned to the
group "regularly using artificial intelligence in the
learning process." The third answer option was
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assigned to the neutral group (50%). The fourth and
fifth answer options were assigned to those who use
Al tools infrequently (called the control group).

3.2 Graphical and Tabular Representation of
the Results

To better present the empirical results, the
distribution of student responses was visualized
using graphs. Figure 1 shows the structure of
student use of artificial intelligence tools in three
countries. This visualization allows for a qualitative
comparison of the intensity of Al use and identifies
differences between different educational contexts.

2%

3%

17%

N 46% Wevery day

m 3-4 times per week
1-2 times per week
m |-2 times per month

Hnever

a) Kazakhstan

7%

35% mevery day

m 3-4 times per week
1-2 times per week

m |-2 times per month

Hnever

b) Poland

10%
29% 7%
m every day
B 3-4 times per week
~ 17% .
1-2 times per week

H -2 times per month

Hnever

c¢) Ukraine
Fig. 1: Distribution of student answers to the
research question.
Source: created by the authors.
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Figure 1 shows the uneven distribution of
respondents' responses across countries. It is
important to note that the pie charts in Figure 1
reflect not only the proportion of students who
regularly use Al They also reflect the overall
distribution of responses across frequency of use
categories. This helps identify differences not only
in the frequency of Al use but also in the nature of
its  integration into  educational  practice.
Specifically, Figure 1 reveals whether Al use is
systematic or fragmented?

While Kazakhstani students actively use Al tools
(78%), this is more modest in Poland and Ukraine
(16-17%). Visually, the distribution of responses for
all three countries differs from 50%. But, only
verification of statistical hypotheses, [17], can yield
a solution with precise and predictable probability.

Thus, visualization of the empirical data allows
us to preliminarily estimate the possible deviation of
the response distribution from the 50% threshold.
This value is used in the study as an indicator of the
transition from fragmented use of Al to its systemic
integration into students' educational practices.

It should be noted that the respondents' original
responses were presented as an ordinal scale of Al
usage frequency. For statistical analysis, these
categories were approximated with numerical values
(100%, 75%, 50%, 25%, 0%), allowing them to be
viewed as an approximate interval scale of
technology usage intensity:

v' every day = 100%

v' 3-4 times per week = 75%

v' 1-2 times per week = 50%

v' 1-2 times per month = 25%

v' Never = 0%.

A similar approach is widely used in empirical
studies, where frequency scales are interpreted as
approximate indicators of the intensity of interaction
with the technology, [17], [19]. Therefore, a one-
sample t-test is used in this study to test the
deviation of the sample mean from a given threshold
(no = 50%). This test is used as a transparent and
interpretable tool for a preliminary assessment of
whether the average intensity of Al use exceeds the
chosen analytical benchmark.

Statistical indicators were calculated using the
Chat GPT 5.2 neural network using the
methodology described in [16]. Table 2 presents the
statistical indicators calculated for each respondent

group.
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Table 2. Statistical Indicators

Indicator Kazakhstan | Poland | Ukraine
sample size, 392 364 | 544
Average of the
sample, (Mx) 79.02 30.84 33.36
Standard
deviation for 23.65 30.37 31.20
sample, (0)

Source: created by the authors.

Table 2 shows the difference in the expected
value for Kazakhstan, on the one hand, and Poland
and Ukraine, on the other. The standard deviation
for Poland and Ukraine is larger than for
Kazakhstan. This indicates a large difference in the
active use of Al tools among Polish and Ukrainian
students.

3.3 T-statistics: Verification of Statistical

Hypotheses
Standard statistical formulas, [17], were used to
verify  statistical hypotheses. The presented

statistical indicator values (Table 2) are used to
verify statistical hypotheses. T-statistics results are
presented in Table 3.

Table 3. Verification of statistical hypotheses

Indicator Kazakhstan Poland Ukraine
N 392 364 544
(Mx) 79.02 30.84 33.36
(8) 23.65 30.37 31.20
Average ermor. o5 1592 1338
Sx
Value ‘ tstat |
for o= 50 % 24.285 12.035 12.436
Value tip 1.282 1.282 1.282
| tstat | > tiabt Yes Yes Yes

Source: created by the authors.

The results of t-test show the value of | tya | is
greater than the twy for a given number (po = 50%)
for each group of respondents (Table 3). It should be
noted that the initial statistical hypothesis of the
study was formulated as one-tailed (n > 50), since
the purpose of the analysis was to test whether the
average frequency of Al use exceeds the threshold
value interpreted as an indicator of the systemic
diffusion of the technology.

Given that for Kazakhstan the value of M(x) is
greater than the value of po = 50%, we accept the
alternative hypothesis H; : the average intensity of
regularly using artificial intelligence by students in
their learning is statistically significantly greater
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than po = 50%. However, different results were
obtained for Poland and Ukraine: the mean values
were statistically significantly lower than the chosen
threshold. In this case, the statistical result should be
interpreted not as confirmation of the study's
alternative hypothesis, but as empirical evidence
that the use of Al by students in these countries has
not yet reached a level corresponding to a "critical
mass" of technology adoption.

The results of T-statistics allow making a
decision with an precise and predictable probability.

3.4 Discussion

The obtained results demonstrate that the role of
students as a potential driver of Al innovation is
heterogeneous and significantly depends on the
institutional and socioeconomic context.

Verification of statistical hypotheses revealed
that only in the case of Kazakhstan does the
proportion of students regularly using Al in their
education statistically significantly exceed the
threshold of 50%. This allows us to interpret the use
of Al as a widespread educational practice and (in
terms of human capital theory, [9], [10], [11]) as a
form of accumulation of digital competencies
capable of transforming into innovative potential.

At the same time, the results obtained for Poland
and Ukraine point to a different picture. Despite the
presence of students actively using artificial
intelligence tools, their share does not statistically
significantly exceed the chosen threshold (50%),
indicating the fragmented and unsystematic nature
of Al integration into educational practices. This
result is consistent with the data from [8]. From the
perspective of human capital theory, [9], [10], [11],
this may indicate that the process of digital human
capital accumulation in these student communities is
at an earlier stage and has not yet reached the level
necessary for the formation of a sustainable
innovative culture.

A comparative analysis of the three countries
suggests that the mere availability of artificial
intelligence technologies is not a sufficient
condition for their widespread use by students.
Institutional factors, educational policy
characteristics, and the culture of using digital tools
in the educational process may play a more
important role. This is consistent with broader
debates in the digital economy, which suggest that
the human factor, [12], [13], and the institutional
environment determine the speed and depth of
digital innovation, [20], [21], [22].

The significant excess of the threshold in
Kazakhstan requires further explanation. One
possible reason could be the active government
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policy of digitalization of education and the
economy. Secondly, the institutional characteristics
of individual universities, including the integration
of Al tools into the educational process, may play a
significant role. Thirdly, this is the potentially wider
use of digital technologies in students' educational
activities. Finally, differences may be related to
cultural and behavioral factors, [23], including the
degree of students' willingness to experiment with
new technological tools. These reasons are not
considered in detail within the scope of this study
and require further empirical analysis.

In terms of the special issue's focus, the findings
highlight that digital intelligence as a driving force
behind an innovative culture is not formed
automatically, but rather through the accumulation
of human capital in specific educational and
socioeconomic contexts. Students can only act as
drivers of Al innovation when the use of artificial
intelligence becomes widespread and regular,
extending beyond individual, fragmented and
unsystematic practices.

Overall, the study's findings suggest that students
have the potential to drive Al-based innovation.
However, the realization of this potential varies
significantly across countries. This confirms the
need to consider the development of the digital
economy and innovative culture through the prism
of human capital formation, [9], [10], [11], [13],
rather than solely through technological or
infrastructural indicators, [5], [20], [24].

4 Conclusion

The aim of this study was to empirically assess
whether students can be considered a driving force
for Al innovation in the context of the formation of
a digital economy and innovative culture. Relying
on human capital theory and the results of statistical
hypothesis verification, the study attempted to link
the regularity of Al use in the educational process
with the potential for digital competencies in the
future workforce.

The results indicate that this potential is being
realized unevenly. In the case of Kazakhstan, the
proportion of students regularly using artificial
intelligence in their education statistically
significantly exceeds the 50% threshold. This allows
us to interpret the use of Al as a widespread
educational practice. From the perspective of human
capital theory, this indicates the development of
digital competencies on a scale sufficient to
consider students as a potential driving force for Al
innovation. However, for Poland and Ukraine, no
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statistically significant excess of this threshold was
found, indicating a more fragmented and
unsystematic nature of Al use by students.

Thus, the study's results allow us to provide a
differentiated answer to the question posed in the
article's title. Students can act as drivers of Al
innovation only in institutional and educational
settings where Al use is widespread and sustainable.
Otherwise, their potential as drivers of Al
innovation remains latent and does not transform
into an element of innovative culture.

From a practical perspective, the findings
highlight the importance of educational and
innovation policies focused on the systematic
integration of artificial intelligence tools into higher
education curricula. The widespread and regular use
of Al in the educational process creates the
conditions for the development of digital human
capital, which can subsequently transform into a
sustainable driving force for Al innovation,
including in the labor market.

However, the study has several limitations.

First, the analysis is based on student self-
reports, which may be subjective in assessing the
frequency of Al use.

Second, the sample only covers three Eastern
European countries, limiting the generalizability of
the results to other institutional and cultural
contexts.

Third, using a single key indicator of Al use
activity does not allow for a full assessment of the
depth and quality of the digital competencies
developed.

Prospects for future research primarily relate to
expanding the geographic scope of the sample and
including countries with different levels of digital
and socioeconomic development. Of additional
interest is the analysis of disciplinary differences, as
well as the use of comprehensive indices of digital
human capital that take into account not only the
frequency but also the nature of Al use.

Finally, further research could explore the
relationship between educational use of Al and the
actual innovative performance of graduates in the
labor market.

Thus, the obtained results make an empirical
contribution to the study of the dissemination of
artificial intelligence tools in higher education and
show that the formation of digital human capital
(using students as an example) is context-dependent
and is determined by the institutional conditions of
the educational environment.
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