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ABSTRACT 

The article investigates three evolutionary algorithms are analyzed: genetic algorithm (GA), particle swarm algorithm (PSO) 
and ant colony algorithm (ACO) to assess their ability to adapt curriculum to different characteristics of students,  including their 
level of knowledge, learning style, practical skills and pace of study. The study compares effectiveness for each evolutionary 

algorithm creating flexible curricula that meet the individual needs of each student. Based on the analysis, the author proposes a 
hybrid algorithm that combines the advantages of each of the approaches considered. The article discusses the features of the hybrid 
algorithm, its ability to quickly adapt the learning process, improve individual learning efficiency and improve the quality of medical 
training. The proposed hybrid approach was tested in simulation conditions, which demonstrated its advantages in ensuring effective 
personalization of learning, avoiding local minima, and responding flexibly to changes in students' performance.   
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INTRODUCTION 

Medical education is one of the most complex 

and demanding fields of study, requiring a high level 

of theoretical knowledge, practical skills and 

psychological readiness to work under high stress. 

Since each student has unique perception, basic level 

of knowledge and pace of learning, there is a need to 

develop individualized approaches to the learning 

process. This individualization of learning requires 

increasing the effectiveness of education and the 

adaptation of students to real clinical conditions. 

However, traditional approaches to planning and 

implementing educational programs often do not 

take into account the requirements for 

individualization of learning, which can lead to 

insufficient levels of training for graduates. 

Nowadays, artificial intelligence methods, in 

particular evolutionary algorithms, are increasingly 

used to solve optimization problems in complex 

systems that require adaptability and flexibility.  
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Such algorithms include the genetic algorithm 

(GA), particle swarm algorithm (PSO), and ant 
colony algorithm (ACO). Each of them has its own 

advantages and disadvantages [1, 2], [3] for different 

types of tasks, and all of them are able to adapt to 
changing conditions, making them promising tools 

for individualizing the learning process.  

The purpose of this study is to investigate the 

possibility of using evolutionary algorithms to 
optimize the curricula of medical students. The 

article analyzes how a genetic algorithm can be used 

to identify and adapt educational methods to meet 
the individual needs of students. The particle swarm 

algorithm is proposed for rapid adaptation of 

learning objectives and learning pace, while the ant 
algorithm can be useful in planning the sequence of 

practical classes to develop professional skills and 

critical thinking.  

Also, the theoretical aspects of the application 
of each algorithm, the methodology for developing a 

hybrid approach and the results of simulation testing 

are considered, which confirm the advantages of the 
hybrid algorithm for personalized learning of 

medical students. 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0 /deed.uk) 
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PROBLEM STATEMENT 

Medical education is critical for training 

professionals who will work under high stress and 

make decisions that have a direct impact on the lives 
and health of patients. The lack of personalization 

leads to a decrease in learning effectiveness, as well 

as to different levels of graduates' training. 
Therefore, there is a need to create adaptive 

educational methods [7, 8] that provide an 

individualized approach to each student. Such an 
approach should take into account not only 

theoretical knowledge but also the development of 

practical skills, critical thinking and psychological 

training. Creating such adaptive programs is a 
difficult task, as it requires taking into account a 

large number of factors and parameters that affect 

learning outcomes. 
In addition, the current structure of curricula 

does not always allow for timely adjustments for 

each student depending on their progress and 

individual needs. Outdated assessment methods, 
inability to adapt to new requirements in a timely 

manner, lack of automated solutions for 

personalizing the educational process – all this 
hinders the achievement of high standards of 

education [9, 10], [11]. 

Given these problems, the question arises: 
how can the educational process for medical 

students be optimized to ensure personalization, 

adaptation to individual needs, and improvement of 

the quality of training? This article offers an answer 
to this question. It is proposed to use evolutionary 

algorithms (genetic algorithm, particle swarm 

algorithm and ant algorithm) to create an adaptive 
individualized curriculum for medical students. 

ANALYSIS OF LITERATURE DATA 

The use of adaptive algorithms in education, in 
particular evolutionary algorithms, is actively 

discussed in the scientific literature as an effective 

approach to personalizing learning in various fields, 

including medical education. This section provides 
an overview of research on the use of swarm 

algorithms, such as GA, PSO, ACO, as well as their 

modifications and hybrid variants in educational 
processes. 

1. Genetic algorithm (GA)  

A genetic algorithm based on the principles of 

natural selection and evolution is often used to 
personalize learning. Literature shows that GA can 

effectively customize individualized learning paths, 

especially when it comes to adapting materials to a 
student's level of knowledge. For example, studies 

show that a genetic algorithm can optimize the 

sequence of tasks, learning materials, and exercises, 

selecting them depending on the individual student's 

performance [12, 13], [14, 15]. This is especially 
important in medical education, where students need 

to learn a large amount of complex information and 

practical skills. 

2. Particle swarm algorithm (PSO)  

The particle swarm algorithm is used to quickly 

adapt to changing learning conditions, as well as to 
efficiently allocate learning resources. Literature 

reviews show that PSO allows you to adjust the pace 

of learning according to the speed of learning. 

Research in this area shows that PSO can be useful 
for creating adaptive learning programs that meet the 

individual characteristics of each student, especially 

when it comes to the rapid acquisition of theoretical 
knowledge. In addition, PSO is able to effectively 

respond to changes in the student's level of training, 

allowing you to adjust the intensity of training. 

3. Ant colony optimization (ACO)  

The ant algorithm is a common method for 

solving routing problems and finding optimal paths, 

which makes it promising for planning the sequence 
of practical classes in medical education. Studies 

show that ACO can optimize students' routes 

through different stages of learning, ensuring smooth 
learning of practical skills and development of 

clinical thinking. The ant algorithm is especially 

useful in simulation training and practical exercises 

where the sequence of tasks and time constraints 
need to be taken into account. 

4. Hybrid algorithms in learning 

personalization  

There is a lot of research on developing hybrid 

approaches that combine the strengths of different 

algorithms to achieve better results. Hybrid 
algorithms that combine GA, PSO, and ACO show 

high potential for creating personalized learning 

paths, as they are able to combine global search for 

optimal solutions, adaptive learning rate, and 
efficient routing [17, 18], [19]. Studies confirm that 

such hybrid algorithms improve the flexibility and 

adaptability of learning processes, which is 
especially important for medical education. 

5. Challenges and prospects of using swarm 

algorithms in medical education 

Despite significant progress, there are certain 
challenges in the application of evolutionary 

algorithms in education. These include the 
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complexity of configuring algorithm parameters, the 

need for significant computing resources, and 

ensuring the accuracy of results for various 

educational scenarios. However, current research 
indicates that the use of powerful hybrid algorithms 

integrated into learning platforms can significantly 

improve the quality of medical training. 

PURPOSE AND OBJECTIVES OF THE 

STUDY 

The purpose of this study to evaluate the 
effectiveness of the genetic algorithm, particle 

swarm algorithm, and ant algorithm for building 

individualized teaching methods, as well as to create 

a hybrid algorithm that combines the advantages of 
each of these approaches. Such a hybrid approach is 

designed to increase learning efficiency [16] and 

provide flexibility and adaptation of the curriculum 
to the individual needs of students. 

This purpose can be achieved by completing the 

following steps. 

1. Analysis of the advantages and limitations 
of each of the evolutionary algorithms – GA, PSO 

ACO in the context of adaptive learning and 

personalization of the educational process. 

2. Identification of criteria for an individual 

approach that should be taken into account when 

building curricula for medical students, such as basic 
level of knowledge, specialization, learning style, 

practical skills and pace of learning. 

3. Development of a hybrid algorithm that 

combines the advantages of GA, PSO, and ACO, 
providing resistance to local minima, adaptability to 

changing conditions, and quick adjustment to 

individual student needs. 

4. Conducting a simulation of testing a 

hybrid algorithm to evaluate its effectiveness 

compared to individual algorithms in creating an 
adaptive learning process. 

5. Analysis of the benefits and challenges of the 

hybrid approach in the context of medical education, in 

particular, assessment of its ability to improve the quality 

of training of future medical professionals through 

individualized learning and flexible scheduling. 

MATERIALS AND RESEARCH METHODS 

To implement this study, we used data on the 

educational process of medical students collected 

from various educational platforms and simulation 

programs. These data included. 
1. Academic profiles of students – 

information about the level of knowledge, learning 

style, speed of learning, specialization and personal 
interests. 

2. Results of tests and practical tasks – data 

on students' progress, their achievements in 

theoretical and practical stages of training, including 

the results of simulations. 
3. Training materials – distribution of 

learning tasks by complexity, taking into account 

both theoretical and practical aspects, such as 
clinical cases, simulations and critical thinking 

modules. 

Genetic algorithm. It was used to determine 
the optimal curriculum by “evolving” it to best suit 

the individual characteristics of students. Selection, 

crossover, and mutation were used to adapt training 

modules to each student [20, 21], [22, 23]. 
Particle swarm algorithm. PSO was used to 

adapt the pace of learning and select learning 

materials based on students' current achievements. 
Each “lobe” in PSO represented a separate learning 

strategy, and the algorithm optimized the process by 

finding the most effective approaches. 

Ant algorithm. ACO was used to optimize the 
routing of the learning process, as a Fig. 1, in 

particular when planning the sequence of practical 

tasks and cases. The algorithm built optimal paths 
that ensured the best development of practical skills 

and clinical thinking. 

Description of the scheme 
1. Student – a student who requests an 

individualized study plan. 

2. GA – a genetic algorithm that generates 

optimal learning directions, transmits the best plan 
options to PSO. 

3. PSO is a particle swarm algorithm that adapts 

the learning rate and transmits progress data to the 
ACO for scheduling practice tasks. 

4. ACO is an ant algorithm that optimizes the 

learning path by creating a sequence of tasks based 
on ratings and feedback. 

Development of a hybrid algorithm  

Based on the analysis of the results of 

individual algorithms, a hybrid algorithm was 
developed that combines the strengths of GA, PSO, 

and ACO. To implement the hybrid approach, a 

model was created where the genetic algorithm 
provides a global search for optimal curricula, PSO 

allows for quick adaptation of the plan to changing 

learning conditions, and ACO optimizes the 

sequence of practical classes.  
The hybrid algorithm combines the best 

solutions of each method to increase flexibility and 

adaptation of the training plan visualized on the 
Fig. 2.  
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Fig. 1. Interaction of genetic algorithm, particle swarm algorithm and ant algorithm in adaptation 

of individualized curriculum 
Source: compiled by the authors 

 

 

Fig. 2. Integration of genetic algorithm, particle swarm algorithm, and ant algorithm into a 

hybrid approach to adapt individualized curriculum 
Source: compiled by the authors 
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This diagram shows the process of transferring 

data from separate algorithms to a hybrid algorithm 

that combines the results to provide an adaptive 

curriculum, as well as adjusting this plan based on 
feedback from students and teachers. 

RESEARCH RESULTS 

The graph illustrates the impact of the hybrid 
algorithm on the level of students' knowledge in 

different areas of medical specialties. Initial 

knowledge scores varied depending on the specialty, 
indicating different levels of student preparation at 

the start. The use of a hybrid algorithm that adapts 

the pace of learning and selects optimal educational 

materials [24, 25] allowed us to improve the level of 
knowledge in each group. 

This adaptive approach contributed to 

accelerated learning for students with an initially 
higher level of knowledge and gradual development 

for students with a lower level of knowledge as 

shown in Fig. 3, which led to an increase in the 

average score for all areas. 
The initial level of knowledge ranged from 3.5 

to 8.0 points (out of 10 possible). After applying the 

algorithm, a significant increase was achieved in all 
groups: the greatest improvements were seen in 

Dentistry and Physical Therapy, where the level of 

knowledge increased to 6.5 and 6.5 points, 
respectively. For General Medicine and Pharmacy, 

the level of knowledge also improved to 8.0 points, 

which indicates the effective adaptation of 

educational materials to the individual needs of each 

group of students. 

This graph shows how the hybrid algorithm 

affected the development of students' practical skills 
in different medical specialties. The initial level of 

practical skills varied significantly between groups, 

with particularly low scores in Dentistry and 
Pharmacy. The application of the hybrid algorithm 

allowed us to adapt the intensity and complexity of 

tasks to the individual needs of each student, 
gradually increasing the load and complexity on the 

Fig. 4. 

The initial level of practical skills ranged from 

2.5 to 8.5 points, indicating significant differences 
between the groups. After applying the hybrid 

algorithm, the practical skills score increased in all 

groups, in particular for Dentistry and Pharmacy 
students, who showed an increase to 5.0 and 5.5 

points, respectively. This demonstrates the effective 

integration of gradual and more complex practical 

tasks that helped students to adapt more quickly to 
the practical aspects of their specialty. Practical 

Skills Before and After Hybrid Algorithm describes 

the impact of the hybrid algorithm on the 
development of students' practical skills, which is 

key for medical specialties where practical skills are 

of great importance. The importance of using this 
algorithm in the hybrid approach is due to the need 

to increase the efficiency of learning practical skills 

and their gradual development in conditions adapted 

to the needs of students [26, 27], [28]. 
 

 

Fig. 3. Knowledge level before and after hybrid algorithm 
Source: compiled by the authors 
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Fig. 4. Practical skills before and after hybrid algorithm 
Source: compiled by the authors 

 

Beginner level of practical skills. At the 
beginning of the study, the practical skills of 

students in different specialties differed 

significantly: from the lowest level among Dentistry 

students (2.5 points out of 10) to the highest among 
Nursing students (8.5 points out of 10). Such 

discrepancies indicate different levels of training in 

certain areas, which may depend on both previous 
experience and individual characteristics of each 

group. For specialties with low scores, such as 

Dentistry and Pharmacy, the use of an adaptive 

algorithm is particularly important as it helps to 
eliminate gaps in practical skills, giving students the 

opportunity to develop more intensively in this area. 

The hybrid algorithm uses three main 

approaches to develop practical skills  

Genetic algorithm. This approach uses a 

global search to determine the optimal practical 
tasks and simulations that best suit the student's level 

of training. This algorithm selects tasks with 

progressive difficulty, as well as those aimed at 

strengthening basic skills. This choice helps to 
gradually improve students' skills, especially in 

areas with a low initial level. 

Particle swarm algorithm. Allows you to 
adapt the intensity and pace of practice sessions 

based on individual student progress. PSO helps to 

quickly adjust the intensity of practical exercises,  
 

 

lowering it if necessary to avoid overload, or 
increasing it for students with a high learning rate. 

This allows students to develop practical skills 

gradually, at their own pace, which increases their 

effectiveness. 
Ant algorithm. It is used to build an optimal 

sequence of practical tasks. ACO allows you to build 

a learning path where each subsequent task is 
gradually more complex, based on the skills you 

have already mastered. This contributes to the 

consistent development of practical skills and allows 

students to confidently approach more complex 
tasks, which significantly increases their readiness 

for real clinical situations in optimized process, the 

result of such a process is shown in Fig. 5. 
The graph “Adaptation to technology before 

and after hybrid algorithm” demonstrates how the 

hybrid algorithm helped students adapt to the use of 
new technologies in their studies. The initial level of 

adaptation to technology ranged from 4.5 to 8.5 

points. After applying the algorithm, the adaptation 

improved significantly, especially for Dentistry and 
Physical Therapy groups, where the level increased 

to 8.0 and 6.5 points, respectively. This growth is 

attributed to the adjustment of the learning pace and 
the introduction of appropriate technological tools, 

which contributed to the increase in digital literacy 

and comfort in using technology, the results of 
which are shown in Fig. 6. 
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Fig. 5. Adaptation to technology before and after hybrid algorithm 
Source: compiled by the authors 

 

Fig. 6. Critical Thinking Before and After Hybrid Algorithm 
Source: compiled by the authors 
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The graph “Critical Thinking Before and After 
Hybrid Algorithm” shows the changes in the level of 
critical thinking that were achieved with the help of 
the hybrid algorithm. The initial level of critical 
thinking ranged from 3.0 to 7.5 points, depending on 
the specialty. After applying the algorithm, a general 
improvement was recorded in all groups. For 
example, for Dentistry and Physical Therapy 
students, critical thinking increased to 4.5 and 6.0 
points, respectively. This indicates the effectiveness 
of the selection and adaptation of tasks aimed at 
developing analytical thinking and the ability to 
make informed decisions. 

DISCUSSION OF THE RESULTS 

Each of the criteria showed a significant 
improvement after applying the adaptive learning 
approach, which emphasizes the importance of 
integrating individualized algorithms into medical 
education. 

1. Increasing the level of knowledge 

The hybrid algorithm showed a significant 
improvement in students' knowledge in all areas. 
This confirms the effectiveness of the global search 
for optimal educational materials using the genetic 
algorithm and the customization of the learning pace 
using the particle swarm algorithm. The results 
indicate that students learn the material faster when 
it is adapted to their initial level of knowledge, and 
the learning process ensures the gradual 
complication of topics. For medical education, this 
means that students gain a knowledge base that 
becomes the basis for further development and 
specialization. 

2. Development of practical skills 

The results showed a significant increase in 
practical skills, especially among students with an 
initially lower level of practical training. Thanks to 
the adaptive approach provided by the hybrid 
algorithm, students received tasks with a gradual 
increase in complexity, which contributed to 
sustainable progress. The genetic algorithm 
optimized the choice of tasks based on the students' 
skill level, while the particle swarm algorithm 
ensured individualized learning intensity. This 
allowed students to better master practical skills, 
which is critical for medical specialties that require a 
high level of competence in performing procedures 
and manipulations. 

3. Adapting to technology 

The hybrid algorithm also proved to be 

effective in improving students' technological 

training, especially for specialties where the initial 

level of adaptation to technology was relatively low. 

The use of ACO helped to optimize the sequence of 

technology integration into the learning process, 
allowing students to gradually get acquainted with 

new tools and digital resources. The particle swarm 

algorithm ensured a comfortable learning pace for 
each student, which contributed to faster adaptation. 

For modern medical education and practice, it is 

important that students are fluent in using 
technological tools, as medical technology and 

digital resources play a key role in modern 

healthcare. 

4. Development of critical thinking 

The development of critical thinking is one of 

the most challenging aspects of learning, but the 

results showed that the hybrid algorithm is also able 
to effectively promote its formation. The 

combination of GA and ACO provided an adaptive 

selection of tasks that gradually develop students' 

analytical skills, ability to make informed decisions 
and evaluate clinical situations. These skills are 

fundamental to the medical profession, as they 

require a deep understanding of theoretical 
knowledge and the ability to apply it correctly in 

practical settings. 

5. Implications of the results for medical 

education 

The results of this study emphasize the 

importance of individualized approaches to teaching 

in medical specialties, where different levels of 
student training require differentiated curricula. The 

hybrid algorithm allows us to take into account the 

unique needs of each group, which significantly 
increases the efficiency of learning. It is also 

important that such a learning system reduces the 

risk of stress and overload, as the pace and 
complexity of learning are adjusted to the individual 

student's capabilities. This allows students to remain 

motivated and confident in their abilities, which is 

important for achieving high results. 

6. Challenges and future prospects 

High computing resources. One of the key 

challenges in applying the hybrid algorithm is the 
need for significant computing resources. Since the 

algorithm combines three complex methods (genetic 

algorithm, particle swarm algorithm, and ant 

algorithm), powerful processors and a large amount 
of RAM are required for their synchronized 

operation. This limitation can make it difficult to 

implement the algorithm in educational institutions 
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with limited technical resources. To overcome this 

obstacle, further research is needed to optimize the 

computational efficiency of the algorithm, as well as 

the possibility of implementing it on cloud platforms 
that can provide scalability. 

7. The complexity of setting parameters  

The hybrid algorithm requires fine-tuning of 
numerous parameters, such as mutation rates in the 
genetic algorithm, inertia coefficients in the PSO, 
and pheromone levels in the ant algorithm. Each 

parameter can have a significant impact on the 
result, and their adjustment requires considerable 
time and professional knowledge. One possible 
solution is to develop a system for automatically 

adjusting parameters based on machine learning[29]. 
This would increase the efficiency of the algorithm 
and simplify its adaptation to different educational 
programs. 

8. Integration into existing learning 

platforms  

Another challenge is integrating the hybrid 
algorithm into existing educational platforms and 

Learning Management Systems (LMS). Many of 
them are not designed to support adaptive 
algorithms, especially those as complex as the 

hybrid algorithm. This may require additional costs 
to modify or expand the functionality of the LMS. In 
the future, it is possible to develop application 
programming interfaces (APIs) that would allow for 

easy integration of the algorithm into various 
educational systems and platforms. 

9. Ensuring the confidentiality of student 

data  

The use of the algorithm involves the collection 
and analysis of a significant amount of data about 
students, including their level of knowledge, 
progress in learning, and individual characteristics. 

This raises questions about privacy and data 
protection. To ensure data security, it is necessary to 
implement reliable information storage and 

processing policies, as well as to comply with 
privacy laws such as the GDPR. Research in this 
area should consider the use of data anonymization 
or differential privacy techniques.. 

10. Psychological aspect of adaptive learning 

 Adaptive learning can have both positive and 
negative psychological effects on students. On the 
one hand, personalization promotes motivation and 

increases self-confidence, while on the other hand, 
over-adaptation can cause additional pressure and 
stress for students who may feel the expectation to 

achieve consistently high results. For further 
development of the algorithm, it is necessary to take 
into account the psychological aspects of adaptive 

learning and develop mechanisms to support 
students to prevent emotional burnout. The general 
aggregation of the study results is shown in Fig. 7. 

Graphic “Aggregated Criteria Before and 

After Hybrid Algorithm” illustrates all criteria 
(Knowledge Level, Practical Skills, Adaptation to 
Technology, Critical Thinking) and highlites 
improvements in each specialty. This graph shows 

that the hybrid algorithm had a positive impact on all 
aspects of learning, including theoretical knowledge, 
practical skills, technology adaptation, and critical 
thinking[30]. For example, in Dentistry, the initial 

indicators were the lowest, but after applying the 
algorithm, each criterion increased significantly. 
This emphasizes the flexibility and adaptability of 

the hybrid algorithm, which customizes learning 
trajectories to the individual needs of each group, 
thus improving the quality of learning. 

CONCLUSIONS 

This study evaluated the effectiveness of a 
hybrid evolutionary algorithm that combines a 
genetic algorithm (GA), a particle swarm algorithm 
(PSO), and an ant colony algorithm (ACO) for 

adaptive learning for medical students. The findings 
show that the hybrid approach significantly 
improves students' knowledge, practical skills, 
adaptation to technology, and critical thinking. The 

main findings of the study include: 

1. Increase in the level of knowledge by 1.5-3 
points in all groups. The hybrid evolutionary 
algorithm allowed students to learn theoretical 

material more effectively by adapting the pace of 
learning and individualizing the selection of 
materials. The use of GA ensured the selection of 

optimal learning materials, which contributed to an 
increase in the average level of knowledge in all 
areas. This shows that personalization of learning is 
critical for the quality of knowledge acquisition in 

medical education. 

2. Increase in practical skills by 1.5-4 points, 
especially in groups with initially low scores. 
Thanks to PSO and ACO, the algorithm ensured 

optimal adjustment of the pace of practical classes 
and gradual complication of tasks, which allowed 
students to significantly improve their practical 
skills. Students of Dentistry and Pharmacy achieved 

an increase of 5.0 and 5.5 points, respectively, which 
indicates the high efficiency of the hybrid approach 
for developing practical skills even for students with 
an initially low level of training. 
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Fig. 7. Aggregated criteria before and after hybrid algorithm 
Source: compiled by the authors 

2. Improved adaptation to technology by  
1-2.5 points. The algorithm has significantly 

improved students' ability to work with digital tools 

and technological resources. This is especially 

important for modern medical education, where 
digital tools have become an integral part of 

practice. PSO provided a comfortable learning pace 

for mastering technologies, and ACO built an 
effective sequence of their implementation in the 

educational process. 

4. Increase in the level of critical thinking by 
1-2 points. Through GA and ACO, the hybrid 

algorithm allowed students to develop analytical 

skills and the ability to make informed decisions. 

This increase is an important indicator for medical 
specialties, where critical thinking is key in 

decision-making and evaluation of clinical 

situations. 

5. Confirmation of the effectiveness of the 

individualized approach. The results of the study 

confirmed that individualized learning based on a 

hybrid algorithm provides a higher level of training 
for students, allowing them to learn at their own 

pace and to meet their own needs. This resulted in 

stable growth rates across all criteria, indicating the 

benefits of flexible learning. 

6. High efficiency of the hybrid algorithm for 

all groups of students. All study groups showed 

improvement in key criteria, regardless of their 
initial level. This demonstrates the versatility and 

reliability of the hybrid approach, which provides 

high results even in groups with different levels of 
training. 

Thus, the hybrid evolutionary algorithm is an 

effective tool for adaptive learning that contributes 

to significant improvements in medical students' 
learning. The use of this approach can help 

educational institutions improve the quality of 

education and prepare students for the modern 
requirements of medical practice. 

.

REFERENCES 

1. Hu, Z., Uhryn, D., Ushenko, Y., Korolenko, V/, Lytvyn, V. & Vysotska, V. “System programming 

of a disease identification model based on medical images”. Sixteenth International Conference on 

Correlation Optics. 2024; 129380: 129380F. DOI: https://doi.org/10.1117/12.3009245.  

http://hait.od.ua/index.php/journal/theme4
http://hait.od.ua/index.php/journal/theme4


Uhryn D. I., Masikevych A. Yu., Iliuk O. D.           /          Herald  of  Advanced  Information  Technology       

                                                                                                               2024; Vol.7 No.4: 424–436 

434 

 

Information technology in socio-economic, 

organizational and technical systems 

ISSN 2663-0176  (Print)    

ISSN 2663-7731 (Online) 
 

2. Waheed, H., Hassan, S. U., Aljohani, N. R., Hardman, J., Alelyani, S. & Nawaz, R. “Predicting 

academic performance of students from VLE big data using deep learning models”. Computers in Human 

Behavior. 2019; 104: 106189. DOI: https://doi.org/10.1016/j.chb.2019.106189. 

3. Cruz-Jesus, F., Castelli, M., Oliveira, T., Mendes, R., Nunes, C., Sa-Velho, M. & Rosa-Louro, A.  
“Using artifcial intelligence methods to assess academic achievement in public high schools of a European 

Union country”. Heliyon. 2020; 6 (6): e04081. DOI: https://doi.org/10.1016/j.heliyon.2020.e04081. 

4. Ushenko, Y. A., Uhryn D. I., Lytvyn V. V., Vasyuk V. L., Protsyuk V. V., Soltys I. V., Ushenko A. 
G. &  Zheng Jun. “Differential diagnosis of the aseptic and septic loosening of the artificial hip joint 

endoprosthesis by methods of spectral-selective laser autofluorescence microscopy”. In Digital Information 

Methods of Polarization, Mueller-Matrix and Fluorescent Microscopy. Springer. Briefs in Applied Sciences 
and Technology. Springer, Singapore. 2023. p. 85–100. DOI: https://doi.org/10.1007/978-981-99-4735-5_6. 

5. Lytvyn, V., Uhryn, D., Ushenko, Y., Masikevych, A., Bairachnyi, V. “The method of clustering 

geoinformation data for stationary sectoral geoinformation systems using swarm intelligence methods”. In 

Cioboată, D.D. (eds) International Conference on Reliable Systems Engineering (ICoRSE). 2023; 762:  
541–553. DOI: https://doi.org/10.1007/978-3-031-40628-7_44.  

6. Uhryn, D., Ushenko, Y., Lytvyn, V., Hu, Z., Lozynska, O., Ilin, V. & Hostiuk, A. “Modelling of an 

intelligent geographic information system for population migration forecasting”. International Journal of 
Modern Education and Computer Science (IJMECS). 2023; 15 (4): 69–79.  

DOI: https://doi.org/10.5815/ijmecs.2023.04.06.  

7. Lytvyn, V., Lozynska, O., Uhryn, D., Vovk, M., Ushenko, Y. & Hu, Z. “Information technologies 

for decision support in industry-specific geographic information systems based on swarm intelligence”. 
Modern Education and Computer Science. 2023; 2: 62–72. DOI: https://doi.org/10.5815/ijmecs.2023.02.06.  

8. Qu, Z., Yin, J. “Optimized LSTM networks with improved PSO for the teaching quality evaluation 

model of physical education”. Int Trans Electr Energy Syst. 2022 (3): 1–12.  
DOI: https://doi.org/10.1155/2022/8743694. 

9. She, Q., H,u R., Xu, J., Liu, M., Xu, K. & Huang, H. “Learning high-DOF reaching-and-grasping via 

dynamic representation of gripper-object interaction”. arXiv preprint. 2022.  
DOI: https://doi.org/10.48550/arXiv.2204.13998. 

10. Zhang, C., Ding, S., Guo, L. & Zhang, J. “Broad learning system based ensemble deep model”. Soft 

Comput. 2022; 26: 7029–7041. DOI: https://doi.org/10.1007/s00500-022-07004-z. 

11. McEnroe, P., Wang, S. & M. Liyanage. “A survey on the convergence of edge computing and AI for 
UAVs: Opportunities and challenges”. 2022; 9 (17): 15435-15459. DOI: https://doi.org/10.1109/ 

JIOT.2022.3176400. 

12. Xu, C., Liao, X., Tan, J., Ye, H. & Lu, H. “Recent research progress of unmanned aerial vehicle 
regulation policies and technologies in urban low altitude”. IEEE Access. 2020; 8: 74175–74194. DOI: 

https://doi.org/10.1109/ACCESS.2020.2987622. 

13.  Litimein, H., Huang, Z. Y. & Aslam, M. S. “Circular formation control with collision avoidance 
based on probabilistic position”. Intell Autom Soft Comput. 2023; 37 (1): 321–341.  

DOI: https://doi.org/10.32604/iasc.2023.036786. 

14.  Dou, H., Liu, Y., Chen, S. et al. “A hybrid CEEMD-GMM scheme for enhancing the detection of 

traffic flow on highways”. Soft Comput. 2023; 27: 16373–16388. DOI: https://doi.org/10.1007/s00500-023-
09164-y. 

15. Chen, G., Chen, P., Huang, W. & Zhai, J. “Continuance intention mechanism of middle school 

student users on online learning platform based on qualitative comparative analysis method”. Math Probl 
Eng. 2022. p. 1–12. DOI: https://doi.org/10.1155/2022/3215337. 

16. Nassi, B., Bitton, R., Masuoka, R., Shabtai, A. & Elovici, Y. “SoK: Security and privacy in the age 

of commercial drones”. In Proc. IEEE Symp. Secur. Privacy (SP). 2021. p. 1434–1451.  

DOI: https://doi.org/10.1109/SP40001.2021.00005. 
17. Politi, E., Varlamis, I., Tserpes, K., Larsen, M. & Dimitrakopoulos, G. “The future of safe BVLOS 

drone operations with respect to system and service engineering”. In Proc. IEEE Int. Conf. Service-Oriented 

Syst. Eng. (SOSE). 2022. p. 133–140. DOI: https://doi.org/10.1109/SOSE55356.2022.00022. 
18. Ali, M., Yin, B., Bilal, H., et al. “Advanced efficient strategy for detection of dark objects based on 

spiking network with multi-box detection”. Multimed Tools Appl. 2023; 83: 36307–36327.  

DOI: https://doi.org/10.1007/s11042-023-16852-2. 

http://hait.od.ua/index.php/journal/theme4
http://hait.od.ua/index.php/journal/theme4


Uhryn D. I., Masikevych A. Yu., Iliuk O. D.           /          Herald  of  Advanced  Information  Technology       

                                                                                                               2024; Vol.7 No.4: 424–436 

ISSN 2663-0176  (Print)    

ISSN 2663-7731 (Online) 

Information technology in socio-economic, 

organizational and technical systems 

435 

 
 

19. Zhou, J. “Virtual reality sports auxiliary training system based on embedded system and computer 

technology”. Microprocessors and Microsystems. 2021; 82 (1): 103944.  

DOI: https://doi.org/10.1016/j.micpro.2021.103944. 

20. Noor, F., Khan, M. A., Al-Zahrani, A., Ullah, I. & Al-Dhlan, K. A. “A review on communications 
perspective of flying ad-hoc networks: Key enabling wireless technologies, applications, challenges and 

open research topics”. Drones. 2020; 4 (4):. 65. DOI: https://doi.org/10.3390/drones4040065. 

21. Aslam, M.S., Zhenhua, M., Ullah, R. et al. “Stability and admissibility analysis of T–S descriptive 
systems and its applications”. Soft Comput. 2022; 26 (15): 7159–7166. DOI: https://doi.org/10.1007/s00500-

022-07323-1. 

22. Amer, R., Saad, W., Galkin, B. & Marchetti, N. “Performance analysis of mobile cellular-connected 
drones under practical antenna configurations”. In Proc. IEEE Int. Conf. Commun. (ICC). 2020. p. 1–7.  

DOI: https://doi.org/10.1109/ICC40277.2020.9148841. 

23.  Bernacki, M. L., Chavez, M. M. & Uesbeck, P. M.  “Predicting achievement and providing support 

before STEM majors begin to fail”. Computers & Education, 2020; 158: 103999.  
DOI: https://doi.org/10.1016/j.compedu.2020.103999. 

24.  Arabali, A., Khajehzadeh, M., Keawsawasvong, S., Mohammed, A. H. & Khan, B. “An adaptive 

tunicate swarm algorithm for optimization of shallow foundation”. IEEE Access. 2022; 10: 39204–39219. 
DOI: https://doi.org/10.1109/ACCESS.2022.3164734. 

25. Lan, K., Fong, S., Liu, L.-S., Wong, R. K., Dey, N., Millham, R. C. & Wong, K. K. “A clustering 

based variable sub-window approach using particle swarm optimization for biomedical sensor data 

monitoring”. Enterp. Inf. Syst. 2021; 15; 15–35. DOI: https://doi.org/10.1080/17517575.2019.1597388. 
26.  Lan, K., Li, G., Jie, Y., Tang, R., Liu, L. & Fong, S. “Convolutional neural network with group 

theory and random selection particle swarm optimizer for enhancing cancer image classification”. Math. 

Biosci. Eng. 2021 18: 5573–5591. DOI: https://doi.org/10.3934/mbe.2021281. 
27. He, Y. & Wang, X. “Group theory-based optimization algorithm for solving knapsack problems”. 

Knowl. Based Syst. 2021; 219: 104445. DOI: https://doi.org/10.1016/j.knosys.2018.07.045. 

28. Martins, A. F., Machado, M., Bernardino, H. S. & de Souza, J. F. “A comparative analysis of 
metaheuristics applied to adaptive curriculum sequencing”. Soft Comput. 2021; 25: 11019–11034.  

DOI: https://doi.org/10.1007/s00500-021-05836-9. 

29. Peng, X., Sun, X., He, Z. & Cheng, S. “A hybrid particle swarm optimizer for curriculum 

sequencing problem”. Discret Dyn. Nat. Soc. 2022; 2022: 1-10. DOI: https://doi.org/10.1155/2022/5291296. 
30. Machado, M. d. O. C., Bravo, N. F. S., Martins, A. F., Bernardino, H. S., Barrere, E. &  

Souza, J. F. D. “Metaheuristic-based adaptive curriculum sequencing approaches: A systematic review and 

mapping of the literature”. Artif. Intell. Rev. 2021; 54: 711–754. DOI: https://doi.org/10.1007/s10462-020-
09864-z. 

 
Conflicts of Interest: The authors declare that they have no conflict of interest regarding this study, including financial, personal, authorship or  other, 

which could influence the research and its results presented in this article 

 

Received        21.08.2024  
Received after revision     30.10.2024 

Accepted       15.11.2024 

 

DOI: https://doi.org/10.15276/hait.07.2024.31 

УДК 004.9 

 

Гібридний еволюційний алгоритм для ефективного 

адаптивного навчання студентів медичних 

спеціальностей 

Угрин Дмитро Ілліч
1) 

ORCID: https://orcid.org/0000-0003-4858-4511; d.ugryn@chnu.edu.ua. Scopus Author ID: 57163746300  

Масікевич Андрій Юрійович
2)

 
ORCID: https://orcid.org/0000-0001-5496-2596; masikevych.a@bsmu.edu.ua Scopus Author ID: 57214332363 

http://hait.od.ua/index.php/journal/theme4
http://hait.od.ua/index.php/journal/theme4
http://dx.doi.org/10.3934/mbe.2021281
https://doi.org/10.15276/hait.07.2024.31


Uhryn D. I., Masikevych A. Yu., Iliuk O. D.           /          Herald  of  Advanced  Information  Technology       

                                                                                                               2024; Vol.7 No.4: 424–436 

436 

 

Information technology in socio-economic, 

organizational and technical systems 

ISSN 2663-0176  (Print)    

ISSN 2663-7731 (Online) 
 

Іл’юк Олексій Дмитрович
3)

 
ORCID: https://orcid.org/0000-0002-0904-3045; olexiyilyukm@gmail.com 

1) Чернівецький національний університет ім. Ю. Федьковича, Коцюбинського, 2. Чернівці, 58002, Україна,  
2) Буковинський державний медичний університет, Площа Театральна, 2. Чернівці, 58002, Україна 

3) Temabit, Павла Тичини, 1В. Київ, 02000, Україна 

АНОТАЦІЯ 

У статті досліджено застосування еволюційних алгоритмів для оптимізації процесу навчання студентів медичних 

спеціальностей, з акцентом на індивідуалізацію освітніх траєкторій. Проаналізовано три основні підходи: генетичний 
алгоритм (GA), алгоритм рою часток (PSO) та мурашиний алгоритм (ACO) – для оцінки їхньої здатності адаптувати 
навчальні плани відповідно до різних характеристик студентів, зокрема рівня знань, стилю навчання, практичних навичок та 
темпу засвоєння матеріалу. У ході дослідження порівняно їхню ефективність у створенні гнучких навчальних програм, що 
відповідають індивідуальним потребам кожного студента. На основі проведеного аналізу запропоновано гібридний 
алгоритм, який поєднує переваги кожного з розглянутих підходів. У статті обговорено особливості гібридного алгоритму, 
його здатність швидко адаптувати навчальний процес, покращувати індивідуальну ефективність навчання та підвищувати 
якість підготовки медичних фахівців. Запропонований гібридний підхід було протестовано у симуляційних умовах, що 

продемонструвало його переваги в забезпеченні ефективної персоналізації навчання, уникненні локальних мінімумів та 
гнучкому реагуванні на зміни у потребах студентів. 

Ключові слова: pойові алгоритми; оптимізація навчання; медична освіта; генетичний алгоритм; алгоритм рою часток; 
мурашиний алгоритм; гібридний алгоритм; персоналізація навчання; адаптивне навчання; індивідуальний підхід 

ABOUT THE AUTHORS 

 

Dmytro I. Uhryn – Doctor of Engineering Sciences, Associate professor, Computer Science Department, Yuriy 

Fedkovych Chernivtsi National University, 2, Kotsyubynskyy Str, Chernivtsi, 58002, Ukraine. 

ORCID: https://orcid.org/0000-0003-4858-4511; d.ugryn@chnu.edu.ua. Scopus Author ID: 57163746300 

Research field: Information technologies for decision support; swarm intelligence systems; branch geoinformation 

systems 

Угрин Дмитро Ілліч - доктор технічних наук, доцент кафедри Комп’ютерних наук, Чернівецький 

національний університет ім. Ю. Федьковича, Коцюбинського, 2. Чернівці, 58002, Україна 

 

 

Andrii Y. Masikevych - Doctor of Engineering Sciences, Associate professor, Department of Hygiene and Ecology, 

Bukovinian State Medical University, 2, Teatral'na Square, Chernivtsi, 58002, Ukraine. 

ORCID: https://orcid.org/0000-0001-5496-2596; masikevych.a@bsmu.edu.ua. Scopus Author ID: 57214332363 

Research field: Impact of environmental factors on human health; medical ecology; environmental toxicology; public 

health risk assessment; pollution impact on respiratory and cardiovascular systems; and strategies for disease 

prevention through environmental management 

Масікевич Андрій Юрійович - доктор технічних наук, доцент кафедри Гігієни та екології, Буковинський 

державний медичний університет, Площа Театральна, 2. Чернівці, 58002,. Україна 

 

 

Oleksii D. Iliuk – senior business&system analyst, Temabit, 1В, Pavlo Tychyna Ave, Kyiv, 02000, Ukraine. 

ORCID: https://orcid.org/0000-0002-0904-3045; olexiyilyukm@gmail.com. 

Research field: Computer science; software engineering; web development; data analytics 

Іл’юк Олексій Дмитрович – senior business&system analyst, Temabit, Павла Тичини, 1В, 02000, Україна 

 

 

http://hait.od.ua/index.php/journal/theme4
http://hait.od.ua/index.php/journal/theme4

