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Abstract. This review summarizes current data on the integration of information and communication technologies
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examine video learning and augmented reality tools, as well as their impact on learning outcomes, motivation, and
behavioral change. Data indicate that digital methods of nutritional intervention and pedagogical approaches
based on ICT can improve students' knowledge acquisition, engagement, and, in some cases, their behavior related
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improving conceptual understanding and active learning. Gamification increases motivation and engagement in
various disciplines.
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Annotatsiya. Ushbu sharhda oliy ta’lim muassasalarida ovqgatlanish fiziologiyasini o‘gitishda axborot-
kommunikatsiya texnologiyalari (AKT) va zamonaviy pedagogik strategiyalarni joriy etish bo‘yicha zamonaviy
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Nutrition physiology is a key component of food technology curricula. Understanding
the processes of digestion, absorption, metabolism of macro- and micronutrients, and
regulatory physiology is essential for future nutritionists and food production specialists. At
the same time, higher education is undergoing a rapid digital transformation: learning
management systems (LMS) are increasingly being used to teach complex technological
concepts. The integration of ICT with evidence-based pedagogical strategies opens up potential
for improving conceptual understanding, practical skills, and promoting healthy eating
behavior among students. Recent systematic reviews and tests of digital learning in nutrition
and physiology indicate measurable advantages in terms of knowledge and engagement.

Justification and purpose. The purpose of this article is to summarize current data
(empirical research and pedagogical assessments) on ICT-based approaches to teaching
nutrition physiology in higher education institutions, identify effective strategies, and offer
practical recommendations for teachers and curriculum developers.

2. Methods (narrative-overview approach)

The integration of information and communication technologies (ICT) into nutritional
physiology education enhances the clinical focus of specialist training and improves
understanding of complex biochemical and physiological processes through visualization and
interactive simulations [1, 2]. The use of virtual laboratories and adaptive testing systems
promotes the development of thinking and the formation of assessment skills [3]. A number of
randomized trials have shown that digital educational platforms improve student performance
and accelerate the development of competencies in dietetics and nutrition [4, 5].
Supplementing lecture material with multimedia modules and gamified cases (e.g., a " virtual
display of food digestion") improves long-term knowledge retention and increases student
engagement [6,8]. Moreover, the effectiveness of ICT increases when integrated with the
principles of evidence-based medicine and interdisciplinary learning [9]. Research in the
Russian-language educational space also confirms the high potential of online courses on
nutritional physiology in medical universities [10, 11]. Considering the interdisciplinary
literature, we conducted a targeted review, focusing on peer-reviewed systematic reviews,
randomized trials, and empirical studies published between 2018 and 2025, covering: [12]
virtual laboratories and online workshops in physiology; [13] the implementation of
augmented reality in life sciences education; [14] gamification and game-based learning in
higher education in the life sciences; [15] digital educational interventions in nutrition. The
search was conducted in PubMed/PMC, Google Scholar, and publisher platforms using
combinations of the keywords: “physiology education”, “nutrition education”, “gamification”,
“digital nutrition intervention”, and “video nutrition education”. Priority was given to high-
quality recent reviews and representative RCTs; included articles are cited in the reference list.

3. Results - synthesis of evidence

3.1. Digital intervention in nutrition: impact on behavior and knowledge

Randomized studies show that digital intervention in nutrition can lead to a small but
significant improvement in nutritional knowledge, and in some cases, to improved eating
habits, such as increased consumption of fruits and vegetables or improved nutrient selection.
More comprehensive systematic reviews demonstrate the effectiveness of digital interventions
in short-term behavior and knowledge change. However, the magnitude and duration of the
effect vary depending on the target group. [16]
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3.2. Virtual laboratories and distance practical classes in physiology

Virtual physiology and anatomy laboratories can effectively support conceptual
learning, especially when using interactive simulations and task templates. Virtual laboratories
increase accessibility and allow for repeated practice; nevertheless, most authors recommend
supplementing them rather than completely replacing face-to-face practical sessions due to
limitations in the development of psychomotor skills and aspects of social and teamwork
[17,18]. Modern research confirms that virtual laboratories are capable of effectively
supporting conceptual learning, especially when using interactive simulation and structured
tasks. Their advantages include wide accessibility, the ability to repeat experiments multiple
times, and increased flexibility of the educational process. At the same time, most authors agree
that such laboratories should be considered more as a supplement than a full-fledged
alternative to traditional practical classes, as they are limited in the development of
psychomotor skills, as well as in the formation of social and team competencies. An additional
advantage of virtual laboratories is the availability of learning analytics tools that allow for
detailed tracking of student actions and providing personalized feedback. For example, a
systematic review of virtual physiological laboratories showed that in 90% of studies, virtual
laboratories contribute to conceptual learning, especially in hybrid formats (blended learning),
where virtual and face-to-face lessons are combined [19].

3.3. Gamification and game-based learning

Increasing data from physiology and related disciplines indicate that gamification
increases students' motivation, engagement, and sometimes even knowledge retention. In
physiology-related subjects, gamified tests, examples based on scripts and leader tables can
help form complex judgments about nutrient metabolism and make decisions about healthy
nutrition. Modern data indicate that gamification can enhance students' motivation, their
engagement in the educational process, and in some cases, knowledge retention. In physiology-
related subjects, the use of gamified tests, scenario tasks, and rating tables not only maintains
interest in the studied material but also contributes to the formation of complex cognitive skills,
including reasoning about nutrient metabolism and making decisions in the field of rational
nutrition [20]. Thus, in an experiment on endocrine physiology among veterinary faculty
students, it was shown that game elements and scenario-based learning increase academic
performance compared to the traditional approach (n = 106) [21]. Other authors note that the
development of the online eFlip game on key human physiology topics has significantly reduced
the percentage of failed exams and improved understanding of systemic relationships [22].
Virtual laboratory simulations with game elements also demonstrated an increase in student
learning motivation and results [23]. In the field of nutrition, gamification is used to promote
healthy choices: for example [24], product game labels and the reward system (crowns) in
online shopping improved the quality of food baskets in a randomized controlled study, and
short-term gaming interventions among adolescents showed positive effects on fruit and
vegetable consumption [25]. At the same time, systematic reviews emphasize that the greatest
effectiveness is achieved when game elements are integrated into a holistic educational design,
while the isolated application of individual mechanics (for example, badges without feedback)
yields limited results [26].

3.4. Learning Analysis and Assessment
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Virtual platforms collect extensive data on interaction (transitions, task completion
time, problem-solving attempts), which allows learning analytics to shape adaptive learning
and timely warn students experiencing difficulties. Modern virtual platforms record a wide
range of data on students' interaction with educational content, including the sequence of
transitions between assignments, their completion time, the number of attempts to solve them,
and the nature of errors made. Based on these data arrays, learning systems analysts form
adaptive trajectories that allow personalization of the educational process, as well as provide
the ability to identify students experiencing difficulties early on. This approach contributes to
the teacher's timely intervention and increases the effectiveness of material assimilation. [27]

4. Discussion - On the path to a fact-based learning model

4.1. Generalization of the main results

The totality of evidence confirms the following points (each of which has been confirmed
by recent reviews/tests):

1. Digital technologies can improve nutritional knowledge and short-term behavior
patterns [28].

2. Virtual physiological laboratories and simulations improve conceptual learning and
make it more accessible, and are especially valuable in combination with active pedagogical
methods (inverted classroom, problem-oriented learning). They should complement, not
completely replace, practical practice [29].

3. Virtual conductive laboratories and simulations improve conceptual learning and
make it more accessible and especially valuable in combination with active pedagogical
methods (problem-oriented learning). They should complement, not completely replace,
practical practice [30].

4. Learning analytics provides teachers with practical knowledge but requires proven
indicators and integration into course development [31].

4.2. Practical impementation (recommendations for course developers)

Based on the available data, we propose a pragmatic five-stage structure for integrating
ICT into the teaching of nutrition physiology:

1. Clearly define learning outcomes - conceptual knowledge (e.g., nutrient assimilation
mechanisms), applied skills (e.g., diet assessment), and setting/behavioral goals.

2. Select ICT corresponding to the results - virtual laboratories/for understanding
space/processes; video and micro-modules for basic knowledge.

3. Implement active pedagogical methods - learning based on case analysis and project
work based on digital tasks (for example, projects on diet analysis using applications) [32].

4. Use analytics to inform teachers - collect and act based on LMS/virtual laboratory data
for targeted correction [33].

5. Thoroughly assess - combine preliminary and subsequent knowledge tests [34].

4.3. Limitations of Evidence

Many studies focus on immediate progress in learning or satisfaction but lack reliable
behavioral endpoints or long-term retention data

4.4 Future Research Directions

Highly effective randomized controlled trials (HRCs) comparing ICT-based blended
pedagogy and traditional learning with standardized outcomes (knowledge, skills, long-term
behavior).
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« Analysis of the economic efficiency of virtual laboratories.

» Research on equal access and strategies to minimize digital inequality.

e Standardized learning analytics metrics related to confirmed results.

5. Conclusion

The integration of ICT with scientifically grounded pedagogical strategies opens up
significant opportunities for improving teaching and learning in the field of nutritional
physiology. Virtual laboratories, gamification, and digital methods of nutritional intervention
have unique advantages and, with pedagogical consistency, can improve conceptual
understanding, engagement, and short-term behavioral changes. Teachers should use these
tools within the framework of mixed, active teaching methods, monitor results through reliable
assessment, and prioritize equal access. Video modules and interactive mobile tools allow for
the effective integration of nutrition physiology concepts with real decision-making regarding
nutrition in courses. Use virtual laboratories to visualize digestion, nutrient transport,
metabolic pathways, and conduct simulated experiments (e.g., enzyme Kinetics, absorption
scenarios) - in conjunction with synchronous classroom discussions. Game-based formative
assessments and clinical nutrition modeling can be integrated into modules to maintain
engagement and provide immediate feedback.
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