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ABSTRACT

Mobile learning has emerged as a pivotal method of education in Ukraine and Eastern Europe,
especially in the conditions of war and displacement of students, which allows continuing
education of technical students despite the lack of infrastructure and logistics. The research
examined the effectiveness of artificial intelligence (Al)-enhanced mobile learning among
students at three higher education institutions (HEIs): Sofia University St. Kliment Ohridski
(Bulgaria), Metinvest Polytechnic Technical University (Ukraine), and National University
Zaporizhzhia Polytechnic (Ukraine). The participants in a quasi-experimental study were
183 students, most of whom were in computer science, engineering, mathematics, and applied
mechanics. Half were assigned to the experimental group using Al-built mobile learning, and
the other half to the control group using standard mobile platforms. The Al-driven platform
included adaptive testing, Al-based chatbot tutoring, solution explanation, a recommendation
system, and learning analytics. Findings showed that Al had more positive effects (learning
gains 0of 18%, p<0.05) onlearning outcomes, engagement, and time-on-task, and was perceived
as more usable and associated with higher self-efficacy among students. The most useful fea-
tures were adaptive testing and recommendation systems, which facilitated personal and
self-managed learning. The results provide insight into the practical importance of Al tools
in technical education, showing that they offer scalable solutions for enhancing academic
performance, engagement, and resilience in both stable and crisis-affected learning settings.
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1 INTRODUCTION
1.1 Mobile learning amid wartime disruptions in Ukraine

The Russian-Ukrainian conflict has resulted in one of the most demanding edu-
cational crises in Eastern Europe and has dramatically disrupted the continuation
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of higher education and rapidly switched the move towards mobile learning as an
emergency response system [1] and [2]. Campuses in technical universities have
been closed, access to laboratories limited, infrastructure has been destroyed, and
academic schedules disrupted, meaning thousands of Ukrainian students have to
entirely depend on their mobile devices to continue their education. Mobile learning
has not only become an additional resource but also a lifeline to academic survival,
given that the learners, especially those in shelters or conflict zones or in foreign
places, are displaced [3], [4], [5]. Wartime conditions have critically exposed the
urgent need for robust mobile learning platforms capable of supporting technical,
scientific, and mathematical disciplines, where high levels of critical thinking, pro-
cedural precision, and applied skills are required. Subsequently, the applicability of
mobile learning in Ukraine has been increasing exponentially, which is the reason
why it is necessary to study how advanced digital technologies, specifically artificial
intelligence (AI), can enhance continuity, stability, and academic performance in the
conditions of a prolonged crisis [6].

1.2 Impact of student displacement on technical education

The displacement of students has come with extensive academic and psycho-
logical effects, particularly to the students undertaking engineering, computer sci-
ence, mathematics and applied mechanics courses [7], [8], [9]. Technical education
requires a high level of interactive explanations, problem-solving in a cycle, and
prompt feedback from instructors, but displaced learners usually study under unpre-
dictable conditions with low connectivity, uneven access to devices, and increased
emotional strain. Mobile learning tools that are customary in delivering static infor-
mation and generalized tests are not effective in fulfilling the cognitive needs of
technical, scientific and mathematical courses. This leads to increased learning gaps,
decreased engagement, and decreased persistence in problem-solving activities by
the displaced students. These conditions explain why mobile learning systems that
can be customized to each user, give on-demand instructions, and recreate aspects
of instructor-based instruction, which are important affordances that Al-enhanced
mobile learning systems can offer [10], [11].

1.3 Need for interactive and adaptive tools in complex subjects

Technical, scientific and mathematical disciplines involve a level of complex-
ity that demands learning tools that extend way beyond passive content delivery.
Students will have to work with simulations, solve multi-step numerical tasks, and
work with algorithmic thinking and be corrected to correct wrong beliefs. These
interactive, analytics-driven or feedback-rich features are particularly unavailable
on conventional mobile learning platforms and are not suitable for the require-
ments of contemporary technical education [12], [13], [14]. With the disruption of
the Ukrainian universities to a greater degree, depending on mobile learning rather
than traditional methods because of the war, the weaknesses of the static systems
become even more evident. In the absence of adaptive challenge, explanatory
robots, and smart feedback mechanisms, mobile education cannot assist sufficiently
in the creation of profound conceptual knowledge. As such, the interactive digital
programs, which can react dynamically to student performance, are as necessary
as never before to the technical programs working under crisis conditions [15], [16].
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1.4 Limitations of conventional mobile learning systems

Conventional mobile learning systems, especially in STEM programs, face sig-
nificant limitations, including lack of personalization, adaptive feedback, real-time
guidance, and diagnostic analytics [17], [18], [19]. These constraints are worsened in
Ukrainian technical universities, where war-related disruptions and instructor short-
ages leave students in largely self-directed learning environments [22], [23], [24].
Traditional platforms cannot adjust content levels, detect learning gaps, or guide
multi-step problem-solving [20], [21], limiting effectiveness and equity. Al-powered
mobile learning can address these challenges by providing adaptive instruction, per-
sonalized feedback, and algorithmic learning paths [25], [26], [27], and supporting
academic performance even in crisis conditions.

Artificial intelligence has a transformative potential that can directly cover the
shortcomings of the traditional mobile learning systems, especially when it comes
to technical domains [28]. Platforms based on Al are capable of automation and cus-
tom feedback or suggesting the right practice activities and detecting gaps in learn-
ing in real time. Chatbots are intelligent messages that can mimic a conversation
with a tutor, and adaptive learning engines are engines that can adjust task difficulty
to the performance of students. In wartime Ukraine, where many of the learners do
not always have access to instructors, Al serves as a reliable and predictable source
of academic support [29]. Furthermore, Al tools also increase the engagement rate,
more profound thinking, and self-regulated learning strategies, which is why they
are particularly appropriate in technical classes, where the knowledge of concepts
depends on a consistent practice and the reinforcement of procedures [30], [31], [32].

1.5 Artificial intelligence for automation, adaptation, and self-
regulated learning

Mobile learning that is enhanced with Al reinforces self-regulated learning
through constant feedback, automatic monitoring of progress, and individual
learning paths. Automation also saves on reliance on instructors, and adaptive
mechanisms will make sure that the learning materials are adjusted according to
the level of proficiency of a particular student [33], [34]. The latter features are espe-
cially essential to Ukrainian students who have to study on their own in a large part
because of the wartime interruptions. The metacognitive awareness is also encour-
aged in the Al-based analytics dashboards because they allow students to monitor
their progress, discover their weaknesses, and make appropriate changes to the
study strategies [35], [36]. The existence of such support mechanisms produces a sys-
tematic individualized learning one that is resistant to external crisis, which makes
Al an irreplaceable part of mobile learning in Ukraine’s technical education [37].

1.6 International context: Bulgaria as an EU leader in artificial
intelligence education

With its initiatives of digital transformation supported by the EU and rich ICT
infrastructure, as well as its active involvement of Al tools in learning processes,
Bulgaria takes up a significant role in the global Al-based education market. Bulgaria,
being an EU member state, is enjoying superior funding systems, research systems,
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and policy frameworks that encourage innovation in higher education [38], [39].
Sofia University “St. Kliment Ohridski,” the place of which is characterized by a pro-
gressive introduction of Al-powered digital learning tools, can be used to provide a
didactic example to Ukrainian schools that encountered disruptions due to the war.
Besides placing the study within the larger trends of digitalization in the global con-
text, this international context also contributes to assessing the performance of the
Al-based mobile learning solution in a stable European environment compared to
the Ukrainian one affected by the conflict [40].

1.7 Cross-university collaboration for comparative analysis

The partnership between a single Bulgarian university and three Ukrainian uni-
versities allows making the first multi-institutional comparative analysis of Al-based
mobile learning in Eastern Europe [41], [42], [43]. The use of the same Al-based mobile
learning system in institutions with varying technological levels, academic frame-
works, and geopolitical environments will provide solid information on scalability,
adaptability, and cross-system functionality. This collaborative design strengthens
the methodological rigor of the results, as it will be possible to compare the results
in stable and crisis-prone settings. It is also capable of building research capacity in
the region and empirically supports cross-border policy in digital transformation in
technical education [44], [45], [46].

1.8 Identified research gaps and the need for empirical evidence

Artificial intelligence in education global rise, there is an empirical research study
deficiency on Al-based mobile learning in all Eastern Europe, particularly in tech-
nical, scientific and mathematical disciplines. Key gaps comprise on comparative
research studies crossways many universities, use of standardized Al systems, and
as well as evidence from war-affected Ukrainian institutions. This study addresses
these gaps by applying a unified Al-supported mobile learning interference in given
data three universities to evaluate its impact on learner appointment, and digital
pedagogy in diverse regional backgrounds.

1.9 Purpose of the study

Present research study aims to assess Al-based tools impacts on mobile learn-
ing in technical, science and mathematics disciplines crossways given data three
universities in Ukraine and as well as Bulgaria. Further, it examines how Al can
enhance adaptive instruction, personalized response, and as well as self-regulated
learning while seeing contextual differences in infrastructure, institutional readi-
ness, and pedagogical culture. The study seeks to provide indication for refining
learner appointments, educational recital and future Al-supported learning.

Research Questions

Does Al improve educational performance of learners?

Is there any impact of Al in mobile learning?

What are best Al applications for STEM arenas?

Is there any differences in the results of Ukrainian and Bulgarian universities?

Ll s
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2  METHODOLOGY
2.1 Design and participant of study

In this study, a quasi-experimental design was used to assess the impact of Al tools
on mobile learning among students studying STEM disciplines across three Eastern
European universities. Furthermore, 183 learners conducted sample of study from
three universities in Bulgaria and Ukraine. These were admitted in different types of
programs including math, applied mechanics and computer sciences and learners
were divided into groups.

2.2 Platform of mobile learning and artificial intelligence-enhanced

The study used Tech Learn-Al and as well as an Al-enhanced platform of mobile
learning designed for Android and other types of different i0S, to sustenance learner
in Bulgaria and Ukraine. It contained adaptive types of assessments and personal-
ized recommendations. Regarding to procedure of interventions three participating
universities over a duration of 4-8 weeks, which represents variances in semester’s
schedules but is reliable in rapports of methodology. Learners in every category of
institution were grouped and categorized in either experimental group.

2.3 Design of control group and experimental group

Present study one of group type experimental group used Tech Learn-Al plat-
form, appealing with adaptive type of testing and tutoring of AL, modified references,
and learning analytics to receive real-time response and provision, particularly for
learners affected by crisis of Ukraine and similarly control group used a standard
mobile learning platform with the same content but without features of Al and as
well as adaptive response.

2.4 Data collection instruments

To measure the effects of Al-based enhancements on mobile learning among
students enrolled in STEM disciplines, multiple data collection tools were used to
capture both quantitative and qualitative data. The selection of instruments was
carefully aligned with learning outcomes, engagement, and learner perceptions,
ensuring a comprehensive assessment of the intervention.

2.5 Data collection and evaluation methods

In this study participants accomplished standardized types of both pre- and post-
tests in methodological subjects to extent knowledge gains, while Tech Learn-Al
platform mechanically followed arrangement metrics like completion of task,
usage of Al function and communication period. Furthermore, learners provided
responses through different surveys and system usability scale (SUS) and open-
ended questions.
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3 RESULTS
3.1 Descriptive statistics

The study involved 183 undergraduate students from three universities in
Ukraine and Bulgaria, enrolled in technical, science and mathematics disciplines,
with wartime constraints reducing Zaporizhzhia Polytechnic’s sample to 20 first-
year students. The mean age was 20.8 years, with 61% male and 39% female,
and students showed moderate baseline digital competency with mobile learning
platforms.

Table 1. Sample structure and student characteristics across HEIS, including Zaporizhzhia Polytechnic
Universities Mean Age Gender (M/F) Digital Competency
Sofia University (Bulgaria) 21.0 50/33 41+05

Metinvest Polytechnic (Ukraine) 20.5 50/30 35%06
Zaporizhzhia Polytechnic (Ukraine) 18.0 12/8 34+08

21.5

21

205

195

19 -

185
18

175

16.5
Sofia University Metinvest Polytechnic Zaporizhzhia Polytechnic
(Bulgaria) (Ukraine) (Ukraine)

Fig. 1. HEIs characteristics

Interpretation: The sample included 183 students studying STEM disciplines
across three universities, with a comparable sample structure and student charac-
teristics across all three higher education institutions. Although the study initially
planned for 50 students, only about 20 first-year mathematics students could par-
ticipate at Zaporizhzhia Polytechnic due to the university’s proximity (15 km) to the
frontline, which imposed significant attendance limitations. The average age of the
sample was 20.8 years, which is typical of undergraduate generations in all uni-
versities, and there were slight differences between universities in Bulgaria and
Ukraine. There was a fairly equally distributed gender representation of 112 males
and 71 females, and this offered sufficient gender diversity in order to generalize
the results between the two genders in technical, science and mathematics disci-
plines, Remarkably, the digital competency level among students at Sofia University
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(Bulgaria) was found to be slightly more advanced (M = 4.1 £ 0.5) than among
Ukrainian students (M = 3.4 + 3.6), which is understandable through the presence
of a stronger digital infrastructure, a higher rate of Al-based educational resources
integration, and a more comprehensive level of familiarity with adaptive learning
environments in the EU. Even though the score in digital competency was slightly
lower, Ukrainian students still had enough mastery of technology to use Al-enhanced
mobile learning. In general, the sample design implies a balanced and representa-
tive sample of age, gender and digital readiness, which is a good starting point for
studying how AI tools may affect learning outcomes, engagement and usability in
various institutional and regional settings.

3.2 Learning outcomes

Pre or post-test results. The experimental group (Al-enhanced mobile learning)
exhibited great academic performance improvement in comparison with the control
group (standard mobile learning).

Table 2A. Pre- or post-test scores across groups

Group Pre-test (M + SD) Post-test (M t SD) Mean Gain
Experimental (AI) 70.5+£6.2 84359 +13.8
Control (Standard) 70.1+6.0 76.1+6.8 +6.0

90
80
70
60
50
40
30
20
10 .
0 -_ '—_L :
Pre-test_Mean Pre-test_SD Post-test_Mean Post-test_SD Mean_Gain
I Experimental (AI) 2 Control (Standard)
Fig. 2. Pre- or post-test scores across groups
Table 2B. Statistical results for group comparisons
Group t df P Cohen’s d
Experimental (AI) 18.12 99 <.001 1.5
Control (Standard) 9.32 99 <.001 0.86
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Differences between Universities. One-way ANOVA revealed that there
were significant differences in the post-test scores between the three universities,
F(3,183) =745, p <. 001, & eta-square = 0.10. Bulgarian students scored the highest
in the post-test (M = 87.2, SD = 5.4), followed by Ukrainian universities, which were
impacted by the wartime disruption, recording slightly lower scores (M = 80.9-82.3).
Tukey post hoc tests were used to establish the significance of differences between
Sofia University and Ukrainian HEIs, and Figures 1 and 2 depict that there are pre-
and post-test changes in groups and universities, and that learning gains may be
identified as a result of Al-driven mobile learning.

3.3 Engagement patterns

The students of the experimental group actively applied various Al features, such
as adaptive testing, Al chatbot tutoring, solution explanations, and recommendation
systems. It used an average of 6.2 hours per week with a standard deviation of 1.4,
versus 3.8 hours per week with a standard deviation of 1.1 among the control group,
with Al functions occupying 52% of all time spent interacting with apps.

Table 3. Artificial intelligence function engagement metrics

AT Function Mean Weekly Usage (hrs) Interaction Frequency (%)
Adaptive Testing 21£05 85
Al Chatbot Tutor 1.5£06 78
Solution Explanation 1.3£04 72
Recommendation System 1305 64

Interpretation: The data on the engagement shows that the students in the
experimental group took an active and regular use of various Al features, which
proves the crucial role of the tools in facilitating learning. Experimental group stu-
dents spent 6.2 hours per week using the mobile learning platform (SD = 1.4), which
is much more than the 3.8 hours (SD = 1.1) of the control group participants, with the
time spent on Al-related functions taking over half (52) of this time. Adaptive testing
was the most common Al feature used (85% frequency of interaction, 2.1 hours per
week), and the Al chatbot tutoring (78% frequency of interaction, 1.5 hours), solu-
tion explanations (72% frequency of interaction, 1.3 hours), and even the recom-
mendation system (64% frequency of interaction, 1.3 hours) were quick on its heels.
This tendency is also consistent with the realized learning gains, which earned a
high positive correlation between the Al engagement and the post-test performance
(r=0.62, p <.001), which contributes to empirical evidence that effective use of Al
tools directly results in a higher academic performance. Optional heat maps and
dashboards also depicted interaction dynamics, the main periods of activity and the
favorite Al functionality, which can be used to design future platforms and teaching
methods. On balance, the results suggest that Al functions not only improve inter-
action but also produce a personalized learning process that is in self-regulation,
which promotes not only increased performance but also long-term interaction
during technical education.

Comparison between Ukraine and Bulgaria. Bulgarian students also, accord-
ing to their report, received higher satisfaction and usability scores compared to
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Ukrainian students, and this is attributed to the positive digital infrastructure base.
However, the two groups rated Al integration positively, and Ukrainian students
were keen on adaptive support and real-time feedback in the disruption of learning
during wartime.

Interpretation: Survey data analysis shows that Al-enhanced mobile learning
had a significant positive impact on student perceptions in several aspects and
dimensions, such as satisfaction with such learning, self-efficacy, and usability.
The students of the experimental group expressed more satisfaction (M = 4.36,
SD = 0.52) and perceived self-efficacy (M = 4.18, SD = 0.55), which meant that Al
tools have had a definite positive effect on the confidence, motivation, and engage-
ment of students. Moreover, SUS usability scores were significantly greater when it
was the Al-enhanced platform (M = 82.1, SD = 6.3) compared to the normal mobile
learning (M = 69.4, SD = 7.1), indicating that the Al integration not only assists
academic performance but also the overall user experience and the quality of
interaction, too.

The comparison between Ukrainian and Bulgarian students showed that there is
a bit more satisfaction and usability rates in Bulgarian students, probably because
of a more stable digital infrastructure, greater familiarity of these students with
Al-based platforms, and less trouble with infrastructure. However, Ukrainian stu-
dents were highly appreciative of Al-based features, especially adaptive assistance
and feedback in real-time, which alleviated the impact of the wartime displacement
on the educational process, lack of access to campus laboratories, and connectivity
problems. These findings imply that Al-enhanced mobile learning is an important
source of critical scaffolding in crisis-prone situations, which enables students to
continue learning and remain motivated and self-regulated in difficult conditions.
On the whole, these findings may indicate the practical importance of the integra-
tion of adaptive, interactive, and personalized features in the curricula of techni-
cal higher education in addressing the background of crisis-affected situations. The
overall positive results of all three universities are an indication that Al-dominated
mobile learning can be successful and scaled, which can be used as a potential model
for enhancing the quality of education in both stable and crisis-stricken settings.

4  DISCUSSION

Present research study inspected Al-enhanced effects mobile learning on tech-
nical learners crossways three universities in Ukraine and as well as Bulgaria
emphasizing alterations in digital infrastructure and war-related distractions. Tools
of Al meaningfully improved educational performance and apparent usability, with
experimental group learners outdoing those in normal learning circumstances.
Adaptive testing, tutoring of Al and personalized recommendations were chiefly
effective in promoting problem-solving and as well as self-regulated type of learning.
Learners of Bulgarian displayed higher post-test scores and their satisfaction due
to better digital substructure, while Ukrainian learners still benefited despite dis-
placement and also issues of connectivity. Recommendation systems and adaptive
testing were most influential features of Al, though chatbots were writhed with mul-
tifaceted tasks, signifying room for improvement in development of Al Limitations
comprise small figures of universities, small intervention period and self-reported
measures of arrangement. Upcoming research studies should discover longitudinal
consequences; enlarging to additional organizations and as well as technical fields.
General these findings prove that Al-enhanced mobile learning can support hardy,
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adaptive education and also provide practical theoretical visions for Eastern Europe
and elsewhere.

5 CONCLUSION

This study proves that Al-enhanced mobile learning meaningfully rallies
educational performance, arrangement and self-regulated learning among technical
learners in Ukraine and Bulgaria. Experimental group learners using Al-integrated
platforms outperformed control group learners in post-tests, particularly in com-
plex subjects such as computer science, mathematics, engineering and applied
mechanics. Personalized recommendation systems adaptive testing were most real
features, while AI chatbots and solution explanations if valuable but task-limited
provision. The conclusions highpoint that tools of Al foster personalized learn-
ing, and digital resilience, even under war-related disturbances in Ukrainian uni-
versities. Bulgarian learners displayed somewhat higher level of satisfaction due
to steady infrastructure and prior contact to learning of Al. The research study
endorses incorporating tools, tutoring of Al and modules of solution, alongside
faculty provision to enhance consequences of learning. This study demonstrates
that Al-enhanced mobile learning significantly improves academic performance,
engagement, and self-regulated learning among students in technical, scientific and
mathematical fields.
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