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Abstract. The article analyzes the impact of implementing competence-based innovative didactic
technologies in physics laboratory classes and their contribution to improving educational outcomes.
The study involved experimental sessions based on AR/VR technologies, digital twin models, digital
laboratory complexes, interactive simulators, and a reflective approach. This experimental
methodology contributed not only to strengthening theoretical knowledge but also to preparing
students for practical professional activities. The results demonstrated that in the experimental group,
the students’ knowledge level increased by an average of 18%, along with significant improvements
in independent work, analytical thinking, and the ability to interpret experimental results. This
approach plays a significant role in developing 21st-century skills among students.
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Introduction.

Physics laboratory sessions are among the most important stages in integrating theoretical knowledge
with practical application in the educational process. They not only enable students to gain a deeper
understanding of physical laws but also help them develop skills in conducting scientific experiments,
taking measurements, analyzing data, and interpreting results. A competency-based approach in this
process aims to equip students not only with knowledge but also with practical skills and the ability
to perform independent analysis. This, in turn, increases graduates’ competitiveness in the labor
market and enhances their adaptability to complex industrial processes.

In recent years, digital technologies—particularly augmented and virtual reality (AR/VR)
technologies, digital twin models, interactive simulators, and the reflective approach—have been
widely implemented in laboratory sessions. These technologies make it possible to model laboratory
work in real time, conduct complex experiments in a safe environment, and provide students with
opportunities to repeat exercises as needed.

According to Kim and Park, the use of AR/VR technologies makes the learning process more
interactive and student-centered, which in turn boosts students’ motivation and significantly improves
their knowledge acquisition levels [2]. Likewise, Zhao’s research notes that conducting physics
experiments through smartphone-based mobile laboratories and digital devices increased student
engagement by more than 20% [2]. Furthermore, studies by Negri and co-authors have shown that
replacing traditional frontal teaching with non-traditional, interactive approaches is a key factor in
developing students’ independent research abilities and decision-making skills in problem situations

[3].
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Thus, the integration of competency-based innovative technologies into laboratory sessions not only
improves learning efficiency but also makes a significant contribution to the development of students’
scientific thinking

Methods. The study organized experimental sessions based on digital laboratory complexes, virtual
and augmented reality (VR/AR) technologies, interactive simulators, and the reflective approach.
These methods aimed to bring laboratory sessions closer to real-life conditions, increase student
engagement, and develop their independent analytical skills.

The process was carried out in three stages:

1. Planning and preparation — laboratory topics were reviewed, and a technical and
methodological base was created for the integration of innovative technologies.

2. Conducting experimental sessions — in the experimental group, AR/VR, digital twin models,
and interactive simulators were applied, while in the control group, traditional laboratory work
was conducted.

3. Effectiveness assessment — students’ knowledge, skills, and analytical abilities were evaluated
through tests, observations, and interviews.

As Zhao noted, the integration of mobile and digital laboratories increases student engagement by an
average of 20%, while Kim and Park demonstrated that the use of AR/VR technologies significantly
enhances learning efficiency [1,2].

Table 1. Experimental methods and stages

Stage Activities Performed Technologies Applied
Revising topics, preparing
1. Planning and preparation technigal gquipmgnt, Digital twin design, virtual
developing instructional laboratories
materials
Modeling experiments
2 Experi . using AR/VR, completing AR/VR, interactive
. Experimental session R . . .
exercises in interactive simulators, digital sensor
simulators
Measuring knowledge and Online assessment
3. Effectiveness assessmen skills through tests, platforms, analytical
surveys, and practical tasks software

Results.

At the end of the experimental sessions, the knowledge levels, skills, and engagement of the control
and experimental groups in the learning process were analyzed. According to the results, in the control
group, the pre-class knowledge level was 62%, which increased to 70% after the sessions. In the
experimental group, the average pre-class knowledge level was 64%, and after laboratory sessions
conducted using innovative didactic technologies, this figure rose to 82%. This represents an 18%
growth, indicating that the effectiveness of knowledge acquisition was significantly higher compared
to traditional methods.

Observations during the learning process showed that students in the experimental group improved
their independence in carrying out laboratory work, problem-solving, result analysis, and drawing
scientific conclusions. Moreover, the use of AR/VR technologies and interactive simulators helped
students understand interdisciplinary integration, model complex processes, and prepare for real-life
professional situations.

The table below presents the learning performance indicators of the control and experimental groups,
clearly demonstrating the effectiveness of the innovative approach.
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Table 1. Learning performance indicators of the control and experimental groups

Group Before class (%) After class (%)
Control group 62 70
Experimental group 64 82

Change in Knowledge Level
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Discussion.

The obtained results are consistent with international experience, confirming that innovative didactic
technologies make laboratory sessions more interactive, student-centered, and effective. In particular,
in the experimental group where AR/VR technologies, digital twin models, and interactive simulators
were applied, not only did knowledge levels improve, but skills in independent work, analytical
thinking, and creative approaches also developed significantly. Research conducted in German higher
education institutions (Kim & Park, 2024) emphasized that the use of AR/VR technologies increased
students’ motivation toward laboratory work and provided opportunities to understand complex
physical processes in a visual and interactive way. In the South Korean experience, it was recorded
that these technologies raised the level of practical preparedness by 20-25%. Furthermore, in
European higher education institutions, the reflective approach was proven to strengthen students’
abilities to analyze their activities and draw conclusions after completing laboratory work. The results
of this study show that systematic implementation of innovative didactic methods significantly
improves not only students’ knowledge levels but also their practical competencies.

Conclusion.

The study demonstrated that integrating innovative didactic technologies into laboratory sessions is
one of the most effective ways to improve the quality of education. This approach prepares students
for real working conditions, develops their research skills, and enhances their ability to solve
problems and analyze results. Laboratory sessions using AR/VR technologies, digital twin models,
and interactive simulators not only improve students’ learning outcomes but also prepare them for
interdisciplinary integration.

For the future, it is recommended to adapt laboratory sessions for distance learning formats, expand
the database of digital twin models, and introduce real-time result analysis and automatic assessment
systems based on artificial intelligence. In addition, strengthening methodological exchange within
the framework of international cooperation and improving teachers’ qualifications can further
enhance the effectiveness of innovative technologies in laboratory sessions
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