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Abstract

The article discusses the development and implementation of an interactive training complex in the discipline «Design
Thinking» in the bachelor's degree program «Automation Systems Engineering». The relevance of the research is due to the
active digital transformation of higher education, increased requirements for practice-oriented learning and the need for future
graduates in the field of «Electrical Engineering and Automation» to develop not only professional and technical knowledge,
but also creative design, analytical and communicative competencies. In the context of automation and increasing complexity
of engineering activities, the integration of interactive and digital technologies into the educational process is of particular
importance.

The paper uses methods of theoretical analysis of scientific publications, generalization of pedagogical experience,
pedagogical observation, student and teacher questionnaires, as well as comparative analysis of learning outcomes. Based on
the conducted research, a mixed learning model has been developed that provides for a pedagogically sound combination of
online and offline forms of work with students. The practical implementation of the model was carried out using the eXe
Learning platform and a specially developed set of interactive tasks focused on the step-by-step development of the
methodology of design thinking.

The results of the pilot implementation showed a steady increase in students' involvement in the educational process, an
increase in the level of educational motivation, activation of independent cognitive activity and improvement in the quality
of learning compared with the traditional teaching format. The data obtained confirm the pedagogical expediency of using
interactive technologies in engineering education. Promising areas of further research related to the development of adaptive
educational systems, the use of learning analytics and the expansion of the functionality of digital learning complexes have
been identified.

Keywords — design thinking, interactive technologies, electronic learning aid, blended learning, learning automation, digital
platforms, eXe Learning.
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Abcmpaxm

Makanana « ABTOMaTTaHIBIPY JXKYHeJIepiHIH HHXEeHepHsICh» OltiM Oepy Oaraapiamacs! Oo#bIHIIA OakagaBpiapAbl Jaspriay
Kyiecinne «/luzailiH-oiiay» moHI OOWBIHIIA WHTEPAKTHBTI OKBITY KELIGHIH a3ipiey JKoHE EeHrizy Macenenepi
KapacThIpbUIaAbl. 3epTTEY/AIH ©3€KTiIiri >Korapbl OutiM OepyniH OenceHAl LUQPIBIK TpaHCHOPMANUSICHIMEH, OKBITYABIH
ToxXipuOere OariapiaHyblHA KOWBLIATHIH TaJanTaplblH KYLICIOIMEH JXoHE «DJEKTPOTEXHUKA JKOHE aBTOMATTaHIBIPY»
OarbIThl OOWBIHIIA OoNalak TYJIEKTEP/IH KociOM-TEeXHMKANBIK OLTIMIEpiH FaHa eMec, COHBIMEH Karap MIbIFapMallblIbIK-
KOOANBIK, AHAJUTHUKAIBIK >KOHE KOMMYHHKATHBTIK KY3BIPETTITIKTEPiH KaJBINTACTHIPY KAXKETTUIrIMEH OalIaHBICTHL
ABTOMATTaHABIPY JKOHE MHKCHEPIIK KBI3METTIH KYPACICHY1 JKaF IaiibIHa HHTePAaKTHBTI JKoHe IU(PIIBIK TEXHOJIOTUSLIIAP IbIH
6itimM Oepy mporecine HHTErpausaChl epeKIne MaHbI3Fa He.

JKyMBICTa FBUIBIMH JKapUsUIAHBIMIAPABl TCOPHMSIBIK TaJAay, IEIaroTHKalbIK TOKIPHOCHI JKallbulay, IEAAarOrHKaJIbIK
6akpuIay, OLTIM aTymIsIIap MEH OKBITYIIBUIApFa cayajdHaMa XYPTidy, COHAal-aK OKY HOTHIKEJICPiH CaJbICTHIPMAIbI Talaay
omictepi KommaHbUTAEL. JKypri3inreH 3epTTey HeriziHae Oi1iM amynIsuIapMeH OHJIAMH XKoHE O(IIaifH KYMBIC HBICAHIAPBIHBIH
MeIarOrMKAaJIBIK HETI3/CITeH YillleCIMiH Ko3IeHTIH apaiac OKpITY MO a3ipiacH 1i. Moenbai MpaKTHKAIIBIK iCKe acslpy eXe
Learning niarhopmachlH oHe NU3aliH-O#ay o/liCHAMAachlH Ke3eH-Ke3eHIMEH Urepyre OarbITTallFaH apHaibl o3ipJeHTreH
MHTEPaKTHBTI TaliChlpMaliap KeLIeHIH KOJIAaHy apKbUIbl KY3ere achIpblUIa/Ibl.

[TUIOTTBIK €Hri3y HOTHIXKENIEpi JSCTYpJi OKBITY (OpMaThbIMEH CalbICTBIpFaHna OUTiM anymbulapblH OKY IIpOLieciHe
TapTHUTYBIHBIH TYPaKThl OCYIH, OKY y3)KIEMECIHIH ACHIeHIH apTThIpyIbl, AepOec TaHBIMJBIK 1C-OPEKETTI JKaHIaHbIPYIbI
KOHE OKy MAaTepHaliblH WIepy CamachlH J>KaKcapTyIbl KepcerTTi. AubiHFaH Mmonimerrep UmkeHeprmik OimiM Oepynme
MHTEPAKTUBTI TEXHOJIOTHSIIAp bl KOIJaHYABIH MeIaroruKajblK OPBIHABUIBIFBIH pacTaiipl. ATanTuBTi GintiM Oepy xylienepin
AMBITYFa, OKBITY aHAJNTHUKACHIH TalJallaHyFa XoHE IMU(PIBIK OKHITY KEHMICHICPiHIH (YHKIIUOHAIIBK MYMKIHIIKTEPiH
KeHeHTyre OaililaHbICTHI 9pi KapalFsl 3epTTeyNepaiH NePCIEeKTHBAIBIK OaFbITTaphl ailKbIHAANIbL.

Kinm ce30ep — nuzaiiH oiinay, WHTEPaKTUBTI TEXHOJIOTHSIAP, 3JIEKTPOHIBI OKY Kypajbl, apajac OKBITY, OKBITYBI
ABTOMATTaHABIPY, CaHIBIK IU1aTdopmanap, eXe Learning.
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Annomauus

B craThe paccMaTpuBaOTCS BONIPOCH pa3paOOTKH M BHEIPEHUS MHTEPAKTHBHOTO 00YUAIOMIero KOMITIEKCa 10 AUCIUIIIIINHE
«lm3aifH-MBIIITICHUE» B CHCTEME IIOJrOTOBKHM OakajiaBpoB 10 oOpa3oBaTenbHON mporpamme «VHXKeHepHs cHCTEM
aBTOMAaTH3aluu». AKTyaJbHOCTh HCCIIENOBaHUS OOYCIIOBJIE€HAa aKTUBHOH 1HM(POBONH TpaHCc(hOpPMaIMeHd BBICIIETO
o0pazoBaHysl, yCHJICHHEM TPeOOBaHUH K NMPaKTHKO-OPUEHTHPOBAHHOCTH OOy4YEHUSI U HEOOXOIMMOCTHIO ()OPMHUPOBAHUS Y
OyIlylMX BBITYCKHHKOB IO HAIIPaBJICHUIO «DJIEKTPOTEXHUKA  aBTOMATH3AIs» HE TOJIBKO MPOPEeCCHOHATIBHO -TEXHIYECKNX
3HaHUil, HO U KPEeaTUBHO-NPOEKTHBIX, AHATUTUYECKUX U KOMMYHHKATUBHBIX KOMIIETEHIIMHA. B ycI0BHAX aBTOMaTH3alMU U
YCIIO)KHEHHS MH)XEHEPHOHW JEATENbHOCTH 0C000€ 3HAueHHWE INpUOOpeTaeT HWHTETpalys HHTEPaKTHBHBIX M IHM(POBBIX
TEXHOJIOTHI B 00pa30BaTeIbHBIN MpOIecC.

B pabote mcmonb30BaHBI METOABI TEOPETHIECKOTO aHATIHM3a HAYYHBIX IMyOIMKanuii, 0000MIeHNS eIarornIecKoro OTbITa,
[IeTaTOTMYECKOT0 HAOJIOACHNS, aHKETHPOBAHHUA OOYYAIONIMXCS W MpENojaBaTels, a TakKKe CPaBHUTEIHHOTO aHalu3a
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PE3YyJILTATOB OGy‘IeHI/Iﬂ. Ha ocHoBe HpOBe,Z[éHHOFO HUCCIICAOBAHUA pa3pa60TaHa MOJCIb CMCHIAHHOTO O6y’~IeHI/IH,
npeaycMarpuBaromiast neaarorut4eCku 000CHOBAHHOE COYETAHHUE OHJIAWH- U Oq)ﬂaf/IIH (l)OpM pa6OTLI C 06y‘IaIOHH/IMI/IC$I.
HpaKTI/I‘{eCKaH peajiusanda MOJACIU OCYHICCTBJICHA € MNPUMEHCHHCM l'IJ'IaTq)OpMI)I eXe Leaming n CcreuuajlbHO
pa3pa60TaHH0r0 KOMIUIEKCa UHTECPAKTUBHBIX SaHaHI/Iﬁ, OPHUEHTUPOBAHHBIX HA IMO3TAITHOE OCBOCHUE METOAOJIOTUN JIA3aiH-

MBIIIJICHHASA.

Pe3ynpTaThl MUJIOTHOTO BHEIPEHMS IIOKAa3alM yCTOHYMBBIA POCT BOBJICUEHHOCTH OOydarolIMXcs B y4eOHBIN mpomecc,
MIOBBIIICHUE YPOBHS y4eOHON MOTHBALMH, AKTUBH3ALNIO CAMOCTOSTEIFHON MTO3HABATENBHON JESITEIFHOCTU U YIydIICHHE
Ka4ecTBa YCBOCHHS YI€OHOTO MaTepHaa 110 CPaBHEHHUIO C TPAJUIIMOHHBIM (OopMaTOM IpenoaBanus. [lomydeHHbIC JaHHbBIE
MOATBEPKAAIOT TENATOTHYECKYI0 II€JIeCO00Pa3HOCTh HCIONb30BAaHMUSA WHTEPAKTUBHBIX TEXHOJOTHH B WH)XEHEPHOM
oOpazoBanun. OmnpeneneHbl INEPCIEKTUBHBIE HAIPABICHUS JANBHEHWIINX WCCIEAOBaHUM, CBS3aHHBIE C pa3sBUTHEM
aJanTHBHBIX 00pa30BaTENbHBIX CHCTEM, HCIHOJIB30BAHUEM AaHAJIMTUKH OOY4YeHHS M pacUIMpeHHeM (YHKIMOHAIbHBIX

BO3MOXKHOCTEH HU(PPOBBIX 00YYAFOLINX KOMILJIEKCOB.

Knrouegvle cnosa — nu3aiiH-MBINUICHWE, WHTEPAKTHUBHBIE TEXHOJIOTHH, 3JIEKTPOHHOE ydeOHOe mocobue, cCMellaHHOoe
oOydenue, aBroMaTH3ays o0y4yeHus, uudpossle miardopmsl, eXe Learning.

I. INTRODUCTION

The modern higher education system is
undergoing an intensive digital transformation, which
leads to a revision of traditional approaches to the
organization of the educational process. A deep
understanding of the mechanisms of this transformation
is crucial to ensure the competitiveness of engineering
personnel in the context of industry 4.0. The
development of information technology, automation of
production and management processes, as well as the
growing requirements for the flexibility of professional
competencies of specialists necessitate the introduction
of new pedagogical models focused on the active
participation of students and the practical orientation of
learning.

This problem is becoming especially relevant for
technical training areas, including educational
programs in the field of automation and control. A
modern university graduate should possess not only
deep technical knowledge, but also developed systems
thinking, the ability for interdisciplinary interaction,
creative problem solving and project activities. In this
regard, the methodology of design thinking is of
considerable interest, which has proven to be an
effective tool for forming a user-oriented approach to
solution development.

At the same time, interactive learning technologies
are being actively introduced into educational practice,
ensuring increased  student engagement, the
development of their independence and the formation
of sustainable professional skills. However, an analysis
of current educational practice shows that the issues of
system integration of design thinking and interactive
digital tools remain insufficiently developed. The lack
of a single methodological framework for the
introduction of creative technologies into the rigid

structures of engineering education creates a significant
barrier that limits the development of students' design
competencies. This gap in existing knowledge and
methodological support determines the need for this
study.

This work aims to fill the identified niche by
developing a methodology for integrating interactive
technologies into the teaching of the discipline «Design
Thinking» and evaluating their effectiveness based on
the pilot implementation of an electronic textbook. The
article discusses the implementation of the blended
learning model and the creation of a specialized training
complex on the eXe Learning platform for students of
the ISA-23s-1, ISA-23s-2, ISA-23v groups.

The relevance of this study is determined by the
need to:

1) improving the effectiveness of teaching the
discipline «Design Thinking» to future engineers;

2) integration of interactive digital media into the
educational process;

3) developing a methodically based model of
blended learning;

4) empirical verification of the effectiveness of the
proposed solutions.

The aim of the work is to develop a methodology
for integrating interactive technologies into teaching
the discipline «Design Thinking» and evaluating their
effectiveness based on the pilot implementation of an
electronic textbook.

To achieve the goal, the following tasks were set:

1) analyze the theoretical foundations of
interactive learning and design thinking;

2) to investigate the existing practice of teaching
the course;

3) develop a model for the implementation of
interactive technologies;
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4) create an electronic training manual;
5) conduct a pilot implementation and evaluate its
results.

Il. LITERATURE REVIEW

According to E.S. Polat, Doctor of Pedagogical
Sciences, interactive technologies are a set of teaching
methods and tools that ensure the active participation of
students in the learning process through joint activities,
information exchange, reflection and decision—making
[1].

According to the definition of IDEO founder T.
Brown, design thinking is a way to combine analytical
and intuitive thinking to create effective user-oriented
solutions [2].

In the educational context, design thinking is a
technology of project activity that helps students
develop the following skills:

1) identification and analysis of user needs;

2) generation of innovative ideas;

3) teamwork and iterative testing of solutions.

Automation of the educational process is the use
of software and hardware tools to optimize, manage and
control educational activities.

According to A.T. Glukhov, automation of
education is one of the key factors in the transition to
an intelligent educational environment, where the
processes of learning, control and analysis are
integrated into a single digital system [3].

The analysis shows that interactive technologies,
design thinking and automation of the educational
process are interrelated components of modern digital
pedagogy:

1) interactive technologies ensure the active
involvement of students in educational interaction;

2) design thinking develops creative and design
competencies;

3) automation of education
infrastructure  for  effective
personalization of education.

The combined use of these approaches contributes
to the formation of a new model of education based on
the principles of flexibility, adaptability and digital
interaction.

An analysis of the pedagogical and psychological
aspects of interactive learning shows that its
effectiveness is based on the active involvement of the
student in the learning process. From a pedagogical
point of view, interactive methods create conditions for
joint search for solutions, exchange of experience and
comprehension of acquired knowledge. In this model,

creates an
management  and

the teacher becomes not only a source of information,
but also an organizer of educational interaction, who
guides, supports and helps to build the logic of
reasoning. The student gets the opportunity to learn
through action, rather than passive perception of the
material, which enhances understanding and promotes
more solid assimilation.

The psychological aspect of interactive learning is
primarily related to increased motivation and
engagement. When a student sees the results of his own
participation, he feels in control of the learning process
and takes the initiative more confidently. At the same
time, the feeling of belonging to a group increases, the
level of anxiety decreases, and a willingness to openly
express thoughts is formed. The dialogical form of
work develops communication skills, and the constant
need to evaluate one's own decisions contributes to the
formation of reflection and critical thinking.

Interactive learning combines a pedagogical focus
on cooperation and psychological support for an active,
motivated student position. This allows you to build the
educational process in such a way that it is both
meaningful, emotionally intense and developing.

As part of the preparation of the study, a
systematic search was carried out for scientific articles,
monographs and dissertations dealing with the
application of interactive technologies and design
thinking in the educational process, including the fields
of automation and control. The analysis made it
possible to identify the main approaches and
conclusions relevant to the topic under consideration.

The analysis of scientific literature [4-9] shows:

1) interactive technologies in universities provide
tangible educational benefits: increased motivation,
engagement, critical thinking, and self-organization
skills;

2) the methodology of design thinking, when it is
introduced into educational programs, becomes not just
a theoretical construct, but part of the practical
formation of creativity, flexibility, and project thinking
skills among future specialists;

3) the combination of design thinking and
digital/interactive platforms looks promising, as it
allows adapting educational programs to modern
requirements, stimulating students' independence and
improving their technological literacy;

4) in conditions of mass education and with the
growing role of technology, automation of some
processes is possible (for example, job evaluation,
support through Al), but research shows that it is not
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yet possible to completely replace a live teacher,
especially when it comes to creative, contextual tasks;

5) there is no «universal recipe», despite many
successful examples, even in one discipline,
effectiveness strongly depends on the context (technical
equipment, teacher training, student motivation,
learning culture);

6) in a number of works, approaches have not yet
been systematically worked out, a traditionally
constructive approach is often used, and the role of
digital/automated elements is minimal, which reduces
the portability of these models to courses with a
technical bias;

7) in studies where Al is used for evaluation or
support, difficulties are noted in assessing "human"
gualities: empathy, innovation, contextual thinking.

I11. MATERIALS AND METHODS

The discipline «Design Thinking» in the
educational program 6B07106 «Automation Systems
Engineering» is aimed at developing the competence to
select optimal engineering solutions based on the
analysis of user needs.

The purpose of studying the discipline is to
develop creative thinking, the ability to innovate and
solve problems taking into account human needs.

The structure of the discipline includes:

1) lecture material (stages of design thinking,
tools, business modeling);

2) practical work (problem identification, idea
generation, prototyping, etc.);

3) final term paper.

As part of the educational program 6B07106
«Automation Systems Engineering», this discipline
enhances the interdisciplinary nature of training,
ensuring the integration of technical knowledge with
methods of creative solution search, prototyping and
testing. This helps students develop practice-oriented
thinking and flexibility in developing automation
systems.

The analysis showed that the applied teaching
methods are quite diverse (brainstorming, SCAMPER,
teamwork), but their digital support and system
interactivity are used to a limited extent.

The study revealed the key limitations of the
traditional format.:

1) insufficient activity of students;

2) limited practical focus;

3) weak digital integration;

4) uneven student engagement;

5) insufficient support for independent work.

These factors necessitated the development of a
new learning model.

The development of a methodology for integrating
interactive tools into the teaching process of the Design
Thinking course requires taking into account both the
specifics of the subject itself and the needs of students
for a high degree of engagement, creative activity and
practical orientation of learning. The inclusion of
interactive tools involves a combination of digital
platforms, team techniques, creative techniques, and
practical tasks that provide a dynamic and flexible
educational environment.

The key principle of developing such a
methodology is the transition from an explanatory and
illustrative format to activity-based learning, where
students participate in mini-research projects, solve real
or simulated tasks, and interact with each other in
flexible group structures.

The proposed model is based on the following
principles:

1) an activity-based approach;

2) blended learning;

3) digital support for all stages of design thinking;

4) a combination of individual and team work;

5) continuous feedback.

The model assumes a rational distribution of
learning activity between online and offline
environments. The online component is focused on the
preliminary development of theoretical material and
individual work of students and includes theoretical
modules, interactive tasks, self-test tools, work with
digital whiteboards and testing. The face-to-face
component is aimed at developing practical and
communication skills and is implemented through
brainstorming, team prototyping, collective discussions
and defense of developed solutions.

To develop interactive tasks in the form of an
electronic textbook, the eXe Learning platform was
chosen, which is a freely distributed tool for creating
electronic educational resources without the need for
programming skills. It allows you to create structured
modules that include text blocks, multimedia content,
interactive elements, and built-in assessment tools.

The following interactive elements were used to
create an electronic training manual for the «Design
Thinking» course on the eXe Learning platform:

1) in the theoretical material:

- the «Accordion» effect — prefabricated content
panels for presenting information in a limited space;

- the «Tab» effect — a simple content area with
multiple panels;
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- the «Page numbering» effect — splitting the
content into different pages;

- the «Definition» hint — when you hover the cursor
over the word pinned in the hint, a window pops up with
the definition of the term;

2) in section assignments:

- a cloze assignment is a task in which you need to
type the missing word in the appropriate window;

- in closed form (one correct) — a test task in which
it is necessary to select one answer as correct;

- a drop—down activity — a task in the form of a text
with gaps with a drop-down list of options;

- a dump list - randomly shuffled statements that
need to be placed in the correct order.

This structure ensures a gradual transition from
studying the material to its practical application.

IV. RESULTS AND DISCUSSION

Defining criteria for evaluating the effectiveness
of implementing interactive tools in teaching the
Design Thinking course requires an integrated
approach that takes into account both learning
outcomes and the level of student engagement, the
quality of interaction, and the degree of practical
applicability of the acquired skills.

To assess the implementation, groups of indicators
were identified:

1) learning outcomes: understanding the stages of
design thinking, quality of prototypes, reasoning
solutions;

2) behavioral indicators: activity in classes,
participation in discussions, initiative;

3) communication indicators: teamwork, quality of
interaction, ability to make joint decisions;

4) subjective indicators: student satisfaction,
convenience of the platform, perceived usefulness.

The pilot implementation was carried out on the
ISA-23s-1, ISA-23s-2, ISA-23v  groups (21
respondents). During the experiment, empirical data
was collected using the following methods:

1) pedagogical supervision of the activity and
involvement of students in the classroom;

2) a survey of students in order to assess the
convenience, clarity and educational value of the
electronic manual.

Table 1 provides general information about the
respondents.

Table 1 — Summary profile of the study
participants [10]

Parameter Category a‘)ggnpk:‘:; S(t‘)z;e
Didital technol Elementary 1 4,8
Igital technology Average 7 T80
proficiency level
Advanced 3 143
= " Rarely 8 |[381
eage Y O COUISE Periodically | 10476
Regularly 3 14,3

A gualitative analysis of the open responses made
it possible to refine the results of the quantitative
assessment and identify the key advantages and
problem areas of using the interactive electronic
manual [10].

In the block with open questions, students
highlighted the advantages and disadvantages of this
manual, and also made their suggestions for its
improvement [10]:

1) analysis of the advantages:

— methodological value: convenient structure,
visibility and the possibility of immediate practical
testing of the theory;

— psychological and pedagogical aspects:
increased motivation, development of autonomous
work skills and the possibility of learning at an
individual pace;

— technological factor: the availability of quick
feedback on tasks;

2) disadvantage analysis:

—technical barrier: lack of adaptive mobile version
and dependence on internet connection quality;

—dialogue deficit: there is an internal contradiction
in the answers, in the presence of automated feedback,
students acutely feel the lack of prompt "live™ help from
the teacher and advice on complex issues.;

— cognitive barriers: uneven complexity of tasks
and insufficient explanations for certain highly
specialized topics;

3) suggestions for improvement:

— optimization of the interface for smartphones and
tablets;

— implementation of a multi-level complexity
system (differentiated approach);

- integration of a communication module for direct
communication with the teacher within the
environment.

To assess the effectiveness of the implementation,
a comparison of learning outcomes in the traditional
format and in the format using an interactive learning
package was carried out. A comparative analysis
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showed a positive trend in learning outcomes and a
higher level of student engagement when using
interactive technologies compared to traditional
teaching methods.

The results of the pilot implementation confirmed
the expediency of using an electronic textbook in
teaching the course "Design Thinking™ and its potential
to improve the quality of teaching in the field of
automation and control.

V. CONCLUSION

In the course of the research, the scientific and
practical task of developing and testing an interactive
training complex in the discipline «Design Thinkingy»
for training specialists in the field of automation and
control was solved.

The results obtained allow us to draw the
following conclusions:

1) the integration of interactive technologies into
the teaching of the discipline contributes to a significant
increase in the involvement of students and their
learning activity, the transition from an explanatory and
illustrative model to an activity-based one ensures
deeper learning of the material and the formation of
practical skills;

2) the use of design thinking methodology in
combination with digital tools effectively develops

user-oriented thinking, creativity and teamwork among
future engineers;

3) the developed model of blended learning has
shown high pedagogical effectiveness due to the
rational distribution of activity between the online and
offline environment;

4) the use of the eXe Learning platform has
confirmed its technological and methodological
feasibility for creating interactive learning resources.

The results of the work confirm the high potential
of interactive technologies and design thinking as tools
for modernizing engineering education in the context of
digital transformation.
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