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DESIGNING INFRASTRUCTURE FOR EFFECTIVE BLENDED LEARNING
OF MATHEMATICS: LONGITUDINAL EXPERIMENTAL RESULTS

Abstract. The rapid digital transformation of higher education has intensified
the need for effective pedagogical models capable of ensuring the continuity,
flexibility, and quality of mathematics instruction. Blended learning, as an integrated
approach combining face-to-face and online learning environments, has emerged as a
promising solution; however, its effectiveness largely depends on the design of a
coherent educational infrastructure.

This study aims to design and empirically validate an integrated infrastructure
for Dblended learning in mathematics education, incorporating technological,
pedagogical, and organizational components. The proposed model includes the use of
a learning management system, an interactive mathematical portal, digital resources,
and structured assessment tools, all aligned with a competency-based curriculum.

The research is based on a longitudinal experimental study conducted over five
academic years (2013-2019) with mathematics students at a higher education
institution. The study involved an experimental group exposed to the developed
blended learning infrastructure and a control group taught using traditional methods.
Data collection methods included pre- and post-tests assessing subject-specific and
digital competencies, questionnaires, and graduate employment analysis.

The results demonstrate that students in the experimental group achieved
significantly higher outcomes in both mathematical competencies and digital literacy.
Statistical analysis (t-test) confirmed significant differences in four of six disciplines




Kypuan «Hayxosi innogayii ma nepeoogi mexumonoeii» No 5(57) 2026
ISSN 2786-5274 Print

at the 0.05 significance level. Additionally, the findings indicate improved student
motivation, engagement, and professional readiness.

Despite limitations related to sample size and experimental design, the study
provides evidence that a systematically designed blended learning infrastructure can
enhance the development of key professional competencies in mathematics education.
The results contribute to the theoretical and practical understanding of sustainable
digital transformation in higher education and highlight prospects for further research
in large-scale implementation and adaptive learning systems.

Keywords: educational infrastructure, blended learning, mathematics
education, interactive teaching tools, competency-based approach, digital literacy,
learning management system, Moodle, longitudinal study, higher education, learning
analytics, student engagement, professional competencies, digital transformation,
experimental study
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HPOEKTYBAHHA IHOPACTPYKTYPU U1 EOEKTUBHOI'O
SMIINAHOI'O HABHAHHA MATEMATHUKHAU: PE3YJIBTATU
JOBI'OTPUBAJIOI'O EKCIIEPUMEHTAJIBHOI'O JOCJIITZKEHHSA

Anortanisi. CtpimMka nudposa Tpancpopmarlis BUIIOi OCBITH TOCHIINAIIA TOTPEOy
B €(EeKTUBHUX TMENaroriyHuX MOJENAX, 3JaTHUX 3a0e3NneunuTd Oe3nepepBHICTD,
THYYKICTh 1 SIKICTh HAaBYaHHS MaTE€MaTUKW. 3MILIaHE HABYaHHS, SK 1HTETPOBaHUM
I1AX1]1, 10 MOEHYE OYHE Ta OHJIAH-HaBYaJIbHE CEPEIOBUIIIE, IOCTAE EPCIIEKTUBHUM
pIIIICHHSM; OJHAK WOTO €(PEeKTHUBHICTh 3HAYHOIO MIPOIO 3QJICKUTH BiJ MPOAYMAHOTO
MPOEKTYBAHHS IUTICHOI OCBITHBOI 1H(PPACTPYKTYpH.

MeToro 1BOTO JOCHITKEHHS € pO3pOOJIEHHS Ta eMIIpUYHa TepeBipKa
IHTErPOBaHOI 1H(PPACTPYKTYpH 3MINIAHOTO HABYAHHS B MaTEMaTU4YHIA OCBITi, IO
OXOIUTIOE TEXHOJIOT14H1, MearoriuHi Ta opraHi3aliiiHi KOMIOHEHTH. 3alpoNOHOBaHA
MoOJIeJIh Tiepeoadae BUKOPUCTAHHS CUCTEMH YIPaBIiHHS HABYaHHSIM, IHTEPaKTUBHOTO
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MaTeMaTUIHOTO MOpTainy, HU(PPOBUX pPECypciB 1 CTPYKTYPOBAHUX I1HCTPYMEHTIB
OLIIHIOBAHHSI, Y3TOJKEHUX 13 KOMIIETEHTHICHO OPIEHTOBAHOIO HABYAJIBLHOIO Mporpa-
MOIO.

JHocmimkenHs: 6a3yeTbcsi Ha JTOBMOCTPOKOBOMY IEaroriyHOMY €KCIIEPHUMEHTI,
MPOBEICHOMY TPOTATOM TII'SITH HaBYaIbHHX poOkiB (2013-2019) 31 cryaeHTamu-
MaTeMaTHUKaMHU 3aKjiaay BHIOI OCBITH. Y JOCHI/KEHHI Opajiu ydacTb €KCIepH-
MEHTaJbHA IPyIia, SIka HaBYajaacs B YMOBax po3po0iieHo1 iHPpaCTPyKTypH 3MIIIIAHOTO
HaBYaHHS, Ta KOHTPOJIbHA TPyIa, 110 HaBYajacs 3a TPaaAULIHHOI METOauKoo. Jlis
300py JaHUX BUKOPUCTOBYBAJIMCS BXIJHI Ta MIJICYMKOBI TECTH JIs OIIHIOBAHHS
MPEAMETHUX 1 MU(PPOBUX KOMIIETEHTHOCTEH, aHKETYBaHHS Ta aHalll3 MpalleBIAIITY-
BaHHS BUITYCKHUKIB.

PesynpTatn 3acBiiuyl0Th, IO CTYJEHTH EKCIIEPUMEHTAJIBHOI TIpynu Mpo-
JEMOHCTPYBAJIM 3HAYHO BUIIIl MOKA3HUKH SIK 3 TPEIMETHUX KOMIETEHTHOCTEMH, TaK 1 3
rdpoBoi rpamorHocTi. CratucTruHuid anamni3 (f-kpurepiil) miATBEpIUB HASBHICTDH
3HAYYHIMX BIAMIHHOCTEH Y YOTHPHOX 13 MIECTH AUCIMILIIH HA piBHI 3HauymocTi 0,05.
Kpim TOro, orpumaHi naHi CBiq4aTh MPO MIABUIIEHHS MOTHUBAILI, 3aJy4€HOCTI Ta
npo¢eciifHOi TOTOBHOCTI CTYEHTIB.

[Tonpu oOMEXeHHs, MOB’A3aHl 3 PO3MIPOM BHOIPKH Ta OCOOIMBOCTIMHU
eKCIIEPUMEHTAJIBHOTO IW3aifHy, JOCTIKEHHSI HaJa€e TMEPEeKOHINBI JOKa3u TOTO, IO
CUCTEMHO CIIPOEKTOBaHa IH(PPACTPYKTYpa 3MIIIAHOIO HABYAHHS CHPUSE PO3BUTKY
KIIFOUOBUX NPO(PEciiHMX KOMIETEHTHOCTEW y MaTeMaThyHiid ocBiTi. OTpuMadi
pe3ynbTatd poOJsATh BHECOK Y TEOPETUYHE Ta NPAKTUYHE OCMUCIEHHS CTajoi
1ndpoBoi TpanchopMallii BUIOT OCBITH Ta OKPECIIOIOTh MEPCIEKTUBH TOAATBIITNX
JTOCITIDKeHb y HampsAMi MaciTaOyBaHHS Ta BIIPOBAKEHHS JIalTUBHHUX OCBITHIX
CHCTEM.

KarouoBi cjoBa: 3MillaHe HaBYaHHSA, MaTeMaTHYHA OCBITA, OCBITHSA
1H(}pacTpyKTypa, IHTEpaKTHUBHI 3aCO0H HAaBYAHHSI, KOMIETEHTHICHUN MAX1/, IM(ppoBa
IPaMOTHICTb, CUCTEMA YIIpaBJIiHHS HaBuaHHsAM, Moodle, moBrorpusane 10CiKeHHS,
BUILA OCBITA, HAaBYaJbHA AHAJITUKA, 3aJY4YEHICTh CTYAEHTIB, MPOQECiiiHI KoMmIIe-
TEHTHOCTI, IM(ppoBa TpaHchopmallis, EKCIIEpUMEHTATIbHE JOCTIIKEHHS.

Problem statement. The rapid digital transformation of education has
significantly reshaped the organization of the teaching and learning process,
particularly in mathematically intensive disciplines. Blended learning, which
purposefully integrates face-to-face instruction with digital educational environments,
has emerged as a sustainable and pedagogically justified model for modern
mathematics education. However, the effectiveness of blended learning depends not
merely on the combination of instructional formats, but on the thoughtful design of its
pedagogical, technological, and organizational infrastructure.

In mathematics education, the issue of infrastructure design is especially critical.
Mathematics requires structured conceptual development, continuous formative
assessment, visual representation of abstract concepts, and systematic feedback.
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Without a coherent infrastructure that integrates learning management systems, digital
mathematical tools, analytics mechanisms, and methodological support, blended
learning risks becoming a fragmented practice rather than a holistic instructional
model.

Our research highlights the growing importance of data-informed instructional
design, adaptive learning pathways, and the integration of intelligent digital tools.
Nevertheless, empirical evidence demonstrating the long-term impact of systematically
designed blended learning infrastructures in mathematics remains limited. In
particular, there is a need for longitudinal experimental studies that evaluate not only
short-term academic performance, but also the development of higher-order
mathematical competencies, learner autonomy, and sustained engagement.

Literature review. The issue of developing a modern scientific and educational
infrastructure is not new to didactics; its various aspects have been examined by
numerous scholars. A comprehensive study, “4 Comparative Study of National
Infrastructures for Digital (Open) Educational Resources in Higher Education,” [T]
presents a comparative analysis of higher education systems in ten countries (Australia,
Canada, China, Germany, Japan, South Africa, South Korea, Spain, Turkey, and the
United States), focusing on policy frameworks, quality assurance mechanisms, and
measures supporting the development of open educational resources (OER)
infrastructure at the national level.

The article of Lithuanian scholars [9] “Educational Infrastructure Using
Virtualization Technologies: Experience at Kaunas University of Technology”
investigates the implementation of an original virtual desktop infrastructure (VDI)
within the educational process. The authors conducted experiments involving network
load monitoring (through direct observation and passive monitoring) to evaluate
system performance and identify potential issues related to access to virtual resources
for both students and instructors.

Additionally, the study “The Hidden Architecture of Higher Education: Building
a Big Data Infrastructure for the ‘Smarter University’” [14] examines the Data
Futures project in the United Kingdom, which aims to develop a Big Data
infrastructure for the higher education sector. The author analyzes how the use of data
standards, dashboards, and visual analytics contributes to policy-driven market reforms
and the reconceptualization of universities as “smart” digital institutions.

The study by Sorochan [23] provides a synthesis of knowledge regarding the
essence of educational infrastructure, analyzes its components, and highlights its
significance for ensuring the quality of education and institutional development.

Guribye and Lindstrom [3] conceptualize infrastructure as an integral element of
the technological, material, and social conditions that underpin organized activities
within institutional contexts, particularly in the sphere of teaching and learning at
universities.

Consistent with the perspective advanced by Danish scholars [10], infrastructure
is inherently relational in nature and, within higher education settings, is deliberately




Kypuan «Hayxosi innosayii ma nepeoosi mexunonozii» No 5(57) 2026
ISSN 2786-5274 Print

pedagogical frameworks and strategic objectives. Its effective configuration is
instrumental in fostering education oriented toward the development of 21st-century
competencies, including problem-solving, collaboration, and innovation [10].

Formulation of the article goals and objectives. The present study addresses
this gap by designing and implementing an integrated infrastructure for blended
mathematics learning and evaluating its effectiveness through a longitudinal
experimental framework. The proposed model encompasses technological architec-
ture, pedagogical strategies, assessment mechanisms, and learning analytics
components aimed at supporting deep conceptual understanding and research-oriented
mathematical thinking. The findings provide evidence-based insights into how
systematically constructed blended learning environments can enhance the quality and
sustainability of mathematics education over time.

Our research team possesses extensive and sustained experience in the
application of educational technologies aimed at enhancing the quality of higher
mathematics instruction in Ukraine. In 2011, we initiated a systematic research
initiative focused on the study, design, and implementation of interactive teaching tools
within several core mathematical disciplines, including Analytical Geometry, Algebra
and Geometry, and Introduction to Higher Mathematics at the faculty level.

This initiative marked a significant milestone in our pedagogical development,
as it reflected a strategic recognition of the pedagogical potential inherent in integrating
high-quality face-to-face instruction with web-enhanced learning environments. The
approach was grounded in the understanding that digital technologies, when
methodologically aligned with disciplinary content and learning objectives, can
substantially enrich students’ conceptual understanding and engagement. The
pedagogical experiment was conducted at Vasyl Stus Donetsk National University in
a natural educational setting and was systematically designed, implemented, and
monitored by our research team.

Presentation of the Main Research Materials. The pilot implementation of an
educational interactive portal was initiated in the first-year Analytical Geometry course
for mathematics students at the university during the Fall semester of 2012. This
initiative was preceded by earlier research, the findings of which were partially
reported in the author’s PhD thesis [16] and conference talks [5; 11; 12], demonstrating
the effectiveness of the proposed methodology in enhancing teaching—learning
interactions, increasing student engagement and commitment, and fostering higher
levels of motivation.

Building on these results, a comprehensive experimental study was undertaken
with a focus group, encompassing the entire period of their academic training
(Bachelor’s and Master’s levels). The study represents an alternative approach to the
organization of the teaching and learning process in mathematics within a higher
education context. It was implemented over an extended period, spanning the
2013/2014 to 2018/2019 academic years.
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The primary phase of the experimental research has been completed. However,
longitudinal follow-up observations of the graduates are still ongoing as of 2026, the
results of which are presented in the subsequent sections.

It should be noted that the initial cohort comprised 38 participants. However, in
2014, due to the complex socio-political situation in eastern Ukraine, the University
was relocated from Donetsk to Vinnytsia. As a result, a number of students transferred
to other higher education institutions across the country. Consequently, the study was
ultimately limited to the experience of fourteen students who remained enrolled and
successfully completed the programme. Despite the reduced sample size, the research
project was continued.

The final sample consisted of 14 students admitted in the 2013/2014 academic
year, specializing in Mathematics. The participants were aged between 17 and 22 years.
The selection criteria included students’ expressed interest in participation as well as
their access to the necessary technological resources for learning (e.g., laptops,
smartphones, personal computers, webcams, etc.).

Given the limited sample size (n = 14), it was deemed methodologically
appropriate to designate as a control group a preceding cohort of Mathematics students
(enrolled in the 2012/2013 academic year) who remained at the University and
completed the full cycle of mathematical courses through traditional instructional
approaches.

Over the course of five academic years, six mathematical disciplines were
delivered: Analytical Geometry (2013/2014), Mathematical Logic (2014/2015),
Differential Geometry (2014/2015), Methodology of Teaching Mathematics
(2015/2016), History of Mathematics (2016/2017), and IT in Teaching Mathematics
(2017/2018) (see Fig. 1).

Preparation
of Master’s
) . IT in Teaching Work
y g . Mathematics (2018/2019)
= History of (2017/2018)
J—I Mathematics
Methodology (2016/2017)
;of Teaching
- Mathematical |Mathematics
A Bicgi (2015/2016)
L {2014/2015)
Analytical Differential
Geometry Geometry
(2013/2014) (2014/2015)

Fig. 1 List of mathematical courses taught within the framework
of the experiment (from 2013/2014 to 2018/2019 academic years)

The aforementioned courses, along with the additional course “Preparation of
Master’s Work,” were delivered using interactive teaching tools within a blended
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particular, the flipped classroom model. In contrast, the remaining courses within the
curriculum were taught using traditional instructional methods.

Five of these courses were part of the Bachelor’s degree programme, while two
(including the additional course) belonged to the Master’s degree programme. All
courses constitute standard (normative) one- and two-semester mathematical
disciplines offered to Mathematics students at VVasyl Stus Donetsk National University.

Methodology and background of the study. The methodological framework
of the study involved the integration of interactive teaching tools to support blended
learning within a competency-based mathematics curriculum. The key conceptual
foundations of this approach are briefly outlined below.

METHODOLOGY
Fig. 2. Methodology and background of the study

Despite its widespread use in higher education, there is no single universally
accepted definition of the term “interactive teaching tool.” In the scholarly literature,
it is often used interchangeably with related concepts such as digital educational tools,
interactive learning materials, web-based teaching tools, digital educational
resources, or online learning tools [21]

Within the framework of this study, interactive teaching tools are conceptualized
as learning resources that emphasize active student interaction and facilitate the
management of educational activities.

These tools are designed to support the achievement of specific learning
outcomes and may consist of single- or multi-page resources incorporating various
modalities, including text, images, audio, and video (e.g., screencasts and animations),
as well as self-assessment components and other interactive tasks.

The integration of interactive tools into the educational process leads to a
transformation of the traditional didactic system (Fig. 3): new types of learning
activities emerge, various forms of instructional interactivity become feasible,
predominantly interactive teaching methods are employed, and the effectiveness of
both synchronous and asynchronous modes of learning is enhanced [16].
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Fig. 3. Structure of the didactic system with the use of interactive tools

The introduction of interactive tools in the study of mathematical disciplines
enables new types of learning activities, including the collection, accumulation,
storage, and mathematical processing of information about the objects, phenomena,
and processes under investigation; the transmission of substantial volumes of
educational information presented in diverse formats; and the manipulation of on-
screen mathematical models representing various real-world objects, phenomena, and
processes [20]. The article by Ukrainian scholars [21] examines approaches to the
individualization of teaching analytical geometry through the use of interactive tools.
It highlights the application of various instruments (such as graphical editors and
computer algebra systems) to enhance the understanding of subject matter, promote
students’ independent work, and implement a learner-centered approach.

Blended learning has become critically important in Ukrainian education today,
as it ensures the continuity, flexibility, and resilience of the learning process under
conditions of ongoing socio-political instability and digital transformation [8]. It is “a
learning that combines characteristics of both traditional and online education in
integrated model, and gain the maximum benefit from the available techniques apiece"

[2]

By using the term competency we will refer to the definition of competencies
(Weinert, 2001) as “the cognitive abilities and skills possessed by or able to be learned
by individuals that enable them to solve particular problems, as well as the
motivational, volitional and social readiness and capacity to use the solutions
successfully and responsibly in variable situations[13]

In accordance with the competency-based approach, a competency-oriented
curriculum for Mathematics students at both the Bachelor’s and Master’s levels was
developed in 2013, based on the national educational standards established by the
Ministry of Education and Science of Ukraine. In our study, we adopted the
classification of competencies proposed by Ukrainian researchers [17], which includes
key, professional, and subject-specific competencies. Key competencies manifest not
only in the resolution of professional tasks but also in addressing challenges beyond
one’s field of specialization [18]. Professional competencies correspond to the
requirements for a specialist’s professional preparedness and determine their ability to
act effectively in accordance with professional standards, to solve tasks and problems
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within a specific field of activity in a methodologically structured and autonomous
manner, and to evaluate the outcomes of such activity [22]. In addition to procedural,
logical, methodological, methodological, research, and technological competencies
(Rakov, 2005), educators also identify a “visual sub-competence” [19] as part of the
professional competencies of mathematicians and mathematics teachers, which is
defined as an integrative ability of a teacher to apply visual tools in order to facilitate
students’ perception and comprehension of mathematical concepts.

Subject (discipline) competencies are understood as those competencies
acquired by students through the study of a particular subject within a defined academic
year or stage of education [17].

Ukrainian scholars [18] have identified the following core components of
subject-specific competencies: knowledge, skills, abilities, and attitudes. In our view,
the structure of subject-specific competencies should also be extended to include an
additional, equally important component — namely, the presence of relevant experience
(See Fig 4).

SKILLS AND ABILITIES

Fig. 4. The structure of subject-specific competency

Finally, the principal aim of this experimental study was to investigate whether
the implementation of the proposed blended learning infrastructure would enhance the
development of students’ subject-specific and IT competencies, as well as contribute
to their preparedness for future professional practice.

Within the framework of the empirical study, students engaged with distance
learning courses delivered via the Moodle platform, developed by the research team.
All courses were designed and implemented in the national language, Ukrainian [6].

I e e S —

Fig.5. Course on Moodle platform
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As noted previously, the core component supporting both synchronous and
asynchronous online elements across the six disciplines is the set of courses developed
by our research team within the Moodle platform. Through these online courses,
students are provided with access to videolectures, tools for monitoring assignments
and academic progress, opportunities for interaction with instructors and peers, as well
as a wide range of supplementary materials, including PowerPoint presentations,
SmartBoard slide lectures, mathematical software packages, and research articles.

The Moodle-based courses are structured to include the following components:

« Syllabus, outlining the content of each discipline within the mathematics
curriculum;

« Tutorial slide lectures, accompanied by interactive exercises performed
online, which provide automated quantitative results, immediate feedback for each
task, and model solutions;

« Video of lectures, available for download;

- Diagnostic online tests, offering instant results and feedback to support
students’ self-assessment of their performance;

« Links to external web resources, facilitating deeper exploration of
mathematical topics;

« Additional tasks designed for high-achieving students;

« Online quizzes and surveys, including multiple-choice, true/false, and
matching formats, aimed at fostering students’ self-regulated learning and improving
performance outcomes;

« A repository of students’ research projects;

« Discussion forums, enabling academic communication and collaboration.

Overall, this structured digital environment serves as an integral component of
the blended learning model, supporting both instructional delivery and the
development of students’ autonomous learning skills [15].

At the initial stage of the blended learning, students participated in face-to-face
sessions held in a computer laboratory, during which they engaged in induction
activities related to the Moodle course environment, including navigation, access to
learning resources, participation in forum discussions, use of the online consultation
module, and involvement in interactive mathematical activities. [11]

According to experts, effective student engagement in a blended learning
mathematics course should encompass a balanced integration of individual and
collaborative work, as well as formal and supplementary learning activities and
resources, in order to support the achievement of intended learning outcomes [8].

Drawing on our experience, we consider it essential to engage students with
contemporary research developments in mathematics [1] through activities such as
analytical work with scholarly texts (e.g., structured literature reviews), thereby
fostering their academic literacy and research competencies.

The implementation of interdisciplinary connections in mathematics requires
their integration into content, methods, and instructional formats (e.g., integrated
lectures and elective courses), and although this poses a complex pedagogical
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competencies, motivation, and holistic understanding by bridging disciplinary
boundaries and reducing fragmentation of knowledge [4].

Across all courses, academic staff is required to provide tutorial support;
however, this may present challenges when students are studying remotely. To address
this, a range of online modalities is employed to facilitate both individual and group
consultations in real time, including online chat, virtual classrooms, and telephone or
teleconferencing [6].

Several results of the study. The experimental testing procedure comprised five
components, including the use of an electronic survey administered via the Google
Forms platform. At the initial stage of the study, a series of pre-tests was conducted,
including assessments of subject-specific competencies (across six disciplines), digital
literacy, and intellectual characteristics (e.g., intellectual lability and ambition). The
validity and reliability of these instruments were established. According to the results
of the t-test, no statistically significant differences were observed between the
experimental and control groups in the pre-tests or intellectual assessments.

Throughout the study, students in the experimental group completed a number
of questionnaires (e.g., “My Motivation,” “Features of Using the Moodle Course”), in
which they evaluated various aspects of the learning experience using a five-point
Likert scale. Overall, students expressed positive attitudes toward both the
experimental design and the associated learning experience.

At the final stage of the study, the following instruments were administered:

« post-tests in mathematics (subject-specific competencies) and digital literacy;

« questionnaires (e.g., “My Learning Outcomes”);

. interviews focusing on graduate employment outcomes (“Alumni Job
Placement”).

In addition, anonymous surveys were conducted after each mathematical course
upon completion of the final examination. The results indicate that students in the
experimental group demonstrated higher learning outcomes compared to those in the
control group. According to the T-test, statistically significant differences (at the 0.05
significance level) were identified in four of the six courses (Analytical Geometry,
Differential Geometry, Methodology of Teaching Mathematics, and History of
Mathematics).

Post-math Tests Post-math Tests

Analytical Geometry Post- History of Mathematics Differential Geometry Post- Methodalogyof Teaching
Test Post-Test

Fig.6. Results of post-math tests
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In comparison with the control group, the experimental group demonstrated
superior performance in the Digital Literacy post-test: over 20% of students achieved
the highest (expert) level, 28% attained a high level, 36% a moderate level, and only
two students remained at the basic level. According to the results of the t-test, the
difference between the experimental and control groups was statistically significant at
the 0.1 level of significance.

Digital Literacy Post-Test

Basic Moderate High Expert
HCG HEG

Fig.7. Results of Digital Literacy post-test

= o

[} ]

The results of the graduate interviews conducted in 2020 (“Alumni Job
Placement”) yielded notable findings. The analysis indicates that more than one-third
of the experimental group are employed within their field of specialization, including
positions as a mathematician in a research institution (1) and as teachers of
mathematics and computer science (4), whereas in the control group only 25% of
graduates are employed in mathematics-related professions.

Furthermore, 43% of the experimental group and 38% of the control group are
engaged in related professional fields (such as business and financial analysis, mobile
application development, and software engineering). Only one alumni from each group
pursued further studies at the postgraduate level. At the same time, two graduates from
the experimental group and five from the control group are not currently applying their
formal education in their professional activities.

Control Group Experimental Group
® Practise their ® Practise their
professions professions

m Work in related
occupations

m Work in related
occupations

= Continuing studyin = Continuing study

postgraduate in postgraduate
programs programs

= Don't use their = Don't use their
education education

Fig.8. Results of Alumni Job Placement test
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have been systematically monitoring the career trajectories of our graduates. This
activity has evolved beyond a purely experimental or statistical endeavor into a
reflective analytical instrument, enabling us — within new institutional contexts, as both
researchers and institutions evolve — to introduce evidence-based adjustments to
educational programmes, enhance the professional preparedness of mathematics
students, and strengthen the reputation of higher education institutions. In addition to
active data collection methods, we have incorporated ‘“passive” data collection
approaches, including the analysis of professional networks such as LinkedIn and the
documented career achievements of our alumni.

We also seek to support and sustain the professional value of our graduates by
engaging them in academic and professional communities: inviting them to participate
in networking events, encouraging their involvement in scientific and practical
conferences, and collaborating with them to provide information on job vacancies and
internship opportunities. Notably, in a nationwide mathematics video competition
organized by our team, a prize-winning participant was mentored by a mathematics
teacher who had previously belonged to the experimental group, which further
demonstrates the long-term impact of the study.

Furthermore, graduates are actively involved as experts (stakeholders) in the
evaluation and refinement of curricula and course syllabi. We also invite our most
successful alumni to deliver guest lecturers to our students (e.g., within the course
“Introduction to the Profession”), including not only those employed directly in
mathematics-related fields, but also those working in adjacent domains, such as IT
project management. This approach allows us to demonstrate the broader applicability
of mathematical education, particularly in terms of transferable (soft) skills and
interdisciplinary mobility.

Conclusions and prospects for further research. The integration of interactive
teaching tools within a blended learning framework encourages both students and
instructors to reconsider traditional educational infrastructure. From the lecturer’s
perspective, the transition to blended learning may initially present challenges, as it
requires a substantial shift in professional roles — from knowledge transmission to
facilitation of learning [5]. These challenges are further compounded by the increased
time investment needed for course design, including the identification and/or
development of high-quality digital resources and interactive learning activities that
promote student engagement and active participation. Nevertheless, the advantages of
this instructional model are considered to outweigh the associated challenges and
additional workload.

It should be acknowledged that the present study has certain limitations. First,
the sample size is relatively small. Second, a more robust design would involve a
comparison between a cohort exposed to the proposed methodology across all
mathematical disciplines and a cohort taught exclusively through traditional methods.
However, such an approach would require a different experimental design and lies
beyond the scope of this research.
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In conclusion, the findings of this study indicate that the proposed learning
infrastructure contributes to the development of professional competencies in
mathematics students, including digital competence, and enhances their motivation to
engage with the discipline.
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