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Abstract

This study evaluates the pedagogical effectiveness of a digital technology-based teaching
methodology for the course «Automotive Electrical Systems» in technical higher education
institutions through a comprehensive pedagogical experiment. The relevance of the research is
determined by the rapid advancement of automotive electronics, including electronic control
systems, CAN and LIN communication protocols, intelligent sensors, electronic control units
(ECUs), and the increasing prevalence of electric and hybrid vehicles. The experimental study was
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conducted between 2024 and 2026 involving 416 undergraduate students of Transport Engineering
across Andijan State Technical Institute, Tashkent State Technical University, and Jizzakh
Polytechnic Institute. The study was implemented in three stages: diagnostic, formative, and final
evaluation. During the formative stage, a digital methodology integrating learning management
systems (LMS), virtual laboratories, diagnostic simulators, and Project-Based Learning (PBL) was
introduced. Statistical analysis via Student's t-test and Pearson's chi-square test demonstrated a
13.4 % increase in overall learning effectiveness and a 31.6 % improvement in practical diagnostic
competencies within the experimental group.

AHHOTanus

B [JaHHOM wHCC/IefloBaHMM Ha OCHOBE KOMIUIEKCHOIO I1e[jarOrM4eckoro 3KCIeprMeHTa
OLIeHMBaeTcs refiaroruueckast 3pGeKTMBHOCTb METOAUKY 00yUeHHs AUCIUIUIMHE «DIeKTpudecKrue
CHCTeMbl aBTOMOOW/IE» B TEeXHWYECKUX BBICIIMX YyueOHBIX 3aBe/IeHHsIX C HCII0/Ib30BaHHEM
COBPEMEHHBIX IM(POBBIX TEXHONOTHHA. AKTYyaJbHOCTb paboTel 00yCIOB/I€Ha CTPEMHUTETbHBIM
pa3BUTHEM AaBTOMOOW/IBHOW S7€KTPOHMKM, BKJIFOUasi 3/eKTPOHHbIE CHCTeMbl YIIpaBIeHUs,
KOMMYHUKaLMOHHbIe TIPOTOKO/bl Tepefad AaHHbiXx CAN u LIN, uHTe/siekTyasibHble [JaTUUKU,
snekTpoHHble 670ku ympaBieHus (ECU), a Takke pacTyijeidl MOMY/ISPHOCTBIO 37IeKTPUYECKUX U
rMOpPU/IHBIX TPAHCTIOPTHBIX CPEe/CTB. DKCIepUMeHTaTbHOe MCC/IeloBaHUe TPOBOAWIOCH B 2024—
2026 rogax ¢ yuactuem 416 cTymeHTOB GakamaBpraTa HampaBieHus1 « TpaHCIIOPTHas MH)KeHepHsi» B
TPEX BeAYIIMX TeXHWUeCKHX By3axX Y30eKrcTaHa: AH/MKaHCKOM TOCYJApCTBEHHOM TeXHUUECKOM
VHCTUTYyTe, TallKeHTCKOM TIOCyapCTBEHHOM TeXHUYeCKOM YHUBepcUTeTe U [I)KMU3aKCKOM
TMOTMTEXHUYECKOM MHCTUTYTe. VccnenoBanre ObUIO peamr30BaHO B TPH 3Tara: KOHCTAaTUPYIOIIUH,
¢dopMupyOLMii ¥ KOHTPOJILHO-OLIeHOYHbIM. B Xoze 3kcrepumeHTa B yueOHBIM Tiporjecc Obina
BHe/peHa LMGpoBas MeTOAWKa, HWHTEerpupyroljasi CHCTeMbl yripaBieHusi obyuenvem (LMS),
BUDPTya/ibHble  jlabopaTtopuy, [JUAarHOCTUYEeCKWe  TPeHaKepbl-CUMY/SITOPl ¥ TPOeKTHO-
opueHTrpoBaHHOe obydenue (PBL). Craructuueckuii anami3 (t-kputepuii CThIOZieHTa ¥ KpUTEPU
[Mupcona $\chiA2$) mokaszan nosbieHye o61melt 3¢dexkruBHOCTH 00yuenus Ha 13,4 %, a Takxke
CyLL|eCTBEHHBIA POCT MPaKTUYeCKUX JUAarHOCTUYeCKMX HaBBIKOB Ha 31,6 % B 3KCIiepuMeHTalIbHON
rpymnre.

Keywords: Automotive Electrical Systems, digital education, pedagogical experiment,
electronic learning resources, virtual laboratory, professional competence, STEM education,
automotive diagnostics, interactive learning, engineering education.

KirueBble c/I0Ba: 37eKTPUYECKHE CHCTEMbI aBTOMOOW/el, I1udbpoBoe o00Opa3oBaHue,
Me/larOTUYeCKU  JKCIIEPUMEHT,  IeKTPOHHble  0Opa3oBaTe/ibHBbIE  PeCypChl,  BUPTYyasbHast
naboparopusi,  TpodeccroHanbHas — kKomrieTeHius, STEM-oOpa3oBanuwe,  aBTOMOOU/IbHAs
JTMarHOCTHKA, UHTEePAaKTUBHOEe 00yueHre, UH)XeHepHOe 00pa3oBaHue.

1. Introduction

Modern vehicles have transformed into complex cyber-physical systems packed with
electronic control units (ECUs), smart sensors, and high-speed networks [1, 2]. Developing these
practical engineering competencies requires moving beyond standard classrooms to integrate virtual
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labs, interactive simulations, and applied problem-solving tools [3]. Numerous international studies
have demonstrated that active and digital learning environments significantly enhance students'
academic achievement and professional competence in engineering disciplines [4].

As a result, engineering universities face the urgent need to prepare graduates for increasingly
complex technical environments. Purely theoretical, lecture-based methods can no longer build the
hands-on diagnostic skills modern automotive industries demand. Today's automotive specialists
need expertise spanning traditional wiring, ECU operation, CAN/LIN communication protocols,
high-voltage systems, and onboard diagnostics. Developing these practical engineering
competencies requires moving beyond standard classrooms to integrate virtual labs, interactive
simulations, and applied problem-solving tools.

International trends in engineering education increasingly emphasize competency-based
learning, Project-Based Learning (PBL), Blended Learning, digital learning environments, and
learner-centered instructional design. These pedagogical approaches enable students to integrate
theoretical knowledge with practical engineering applications while simultaneously developing
critical thinking, independent decision-making, collaborative problem-solving, and professional
communication skills. Numerous international studies have demonstrated that digital learning
environments significantly enhance students' academic achievement, motivation, and professional
competence in engineering disciplines.

In Uzbekistan, digitalizing higher education and aligning engineering curricula with
international standards are key national priorities. While these reforms support pedagogical
innovation, teaching the Automotive Electrical Systems course still faces notable hurdles.
Instruction remains largely lecture-based, while access to virtual labs, modern diagnostic
equipment, and high-quality digital learning resources remains constrained. As a result, graduates
frequently lack the hands-on diagnostic competence required to maintain modern electronically
controlled vehicle systems. The central research hypothesis of this study proposes that the
systematic implementation of a competency-based instructional methodology supported by digital
educational technologies, virtual laboratories, interactive simulations, and intelligent learning
resources will significantly improve students' theoretical understanding, practical skills, and
professional competencies in automotive electrical systems.

2. Materials and Methods

This study employed a quasi-experimental research design to evaluate the pedagogical
effectiveness of a digital technology-based teaching methodology for the Automotive Electrical
Systems course. A mixed-method research approach was adopted, integrating pedagogical
observation, questionnaire surveys, diagnostic testing, practical performance assessment, expert
evaluation, comparative analysis, and mathematical-statistical methods. The research methodology
was developed in accordance with internationally recognized experimental research principles
widely applied in engineering and educational sciences to assess instructional effectiveness [5].

The experimental study was conducted during 2024-2026 across three technical universities
in Uzbekistan: Andijan State Technical Institute, Tashkent State Technical University, and Jizzakh
Polytechnic Institute. A total of 416 Transport Engineering undergraduates participated, divided into
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an experimental group (n = 209) and a control group (n = 207). Group allocation was based on prior
academic performance and initial diagnostic assessments, ensuring baseline statistical equivalence
(p > 0.05) to support internal validity.

In contrast, the control group followed the traditional curriculum covering identical academic
content. Achievements were evaluated using competency-based criteria across theoretical
knowledge and practical diagnostic skills. Performance data analyzed via Student's t-test and
Pearson's chi’2 test (p < 0.05) confirmed that the digital methodology significantly enhanced both
theoretical understanding and practical automotive diagnostic skills while maintaining data
confidentiality through anonymized identification codes.

3. Results

The findings of the pedagogical experiment were comprehensively analyzed to evaluate the
effectiveness of the proposed digital technology-based teaching methodology. Baseline diagnostic
assessment results showed no statistically significant differences between the experimental and
control groups, confirming comparable initial academic preparedness (p > 0.05) and establishing
internal validity prior to the intervention.

The initial assessment revealed that 9.6 % of students in the experimental group achieved an
excellent performance level compared with 6.8 % in the control group. Similarly, the proportion of
students demonstrating unsatisfactory performance was 33.0 % and 35.3 %, respectively. Statistical
analysis indicated that these differences were not significant (p > 0.05), confirming that the two
groups were academically equivalent at the beginning of the experiment.

Upon completion of one academic semester, students' academic achievement and professional
competencies were reassessed using the same evaluation criteria employed during the initial
diagnostic stage.

Table 1.
Final Results of the Pedagogical Experiment
Group Excellent Good Satisfactory Unsatisfactory
Experimental (n = 209) 54 63 69 23
Control (n = 207) 19 54 99 35

Post-intervention results demonstrated substantial academic gains in the experimental group,
with excellent performances increasing from 20 to 54 students and unsatisfactory outcomes
dropping from 69 to 23. In contrast, the control group exhibited only modest improvements.
Students exposed to the digital methodology showed marked advancement in circuit analysis, ECU
operation, and fault diagnosis, largely driven by high practical engagement with virtual laboratories
and interactive simulation tools.

Table 2.
Development of Students' Professional Competencies (%)
Competency Experimental Group Control Group
Theoretical knowledge +23.4 +4.6
Electrical circuit analysis +27.8 +5.2
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Competency Experimental Group Control Group
Diagnostic skills +31.6 +6.3
Engineering problem-solving +25.2 +4.8
Professional communication +21.9 +3.9

As shown in Table 2, the proposed methodology generated major gains across all
competencies. Diagnostic skills saw the largest impact, improving by 31.6 % in the experimental
group versus 6.3 % in the control group. Strong gains were also recorded in circuit analysis,
problem-solving, and theoretical knowledge, proving that virtual labs and interactive simulations
effectively bridge theory and real-world engineering practice.

The statistical analysis demonstrated that the proposed methodology increased overall
learning effectiveness by 13.4 %. This improvement was reflected in both theoretical knowledge
and practical competencies, confirming that integrating digital educational technologies
significantly enhances modern automotive engineering education.

4. Discussion

The systematic integration of digital technologies into the Automotive Electrical Systems
course significantly enhances learning outcomes, bridging the gap between theoretical knowledge
and practical engineering demands. Modern vehicles—equipped with advanced electronic control
units, complex communication networks, and diagnostic algorithms—require competencies in
analytical reasoning, fault diagnosis, and problem-solving. Incorporating virtual laboratories,
interactive simulations, and digital diagnostic models creates authentic learning environments that
align with competency-based engineering education frameworks [6, 7]. These findings corroborate
established literature showing that experiential learning, cognitive problem-solving, and active
STEM education substantially improve professional readiness, critical thinking, and technical
competencies [8, 9, 10].

5.Conclusion

The findings of this study demonstrate that the proposed digital technology-based teaching
methodology for the Automotive Electrical Systems course significantly enhances students'
theoretical knowledge, practical skills, and professional competencies. The integration of virtual
laboratories, interactive simulations, electronic learning resources, and problem-based learning
created a more effective and practice-oriented learning environment.

Statistical analysis using Student's t-test and Pearson's x? test confirmed that the observed
improvements were statistically significant (p < 0.05). The implementation of the proposed
methodology increased overall learning effectiveness by 13.4 %, confirming its educational value
and practical applicability.

Overall, the results indicate that systematic integration of digital pedagogical technologies can
substantially improve the quality of engineering education and contribute to the preparation of
highly qualified automotive engineers capable of meeting the demands of the modern automotive

industry.
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