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DIGITALIZATION OF THE EDUCATIONAL PROCESS: SYNERGY  

OF GAMIFICATION AND ARTIFICIAL INTELLIGENCE IN THE TRAINING  

OF HIGHLY QUALIFIED CIVIL AVIATION SPECIALISTS 
 

The subject matter of this article presents the results of a study on the digital transformation of the education-

al process of training highly qualified air transport specialists, as well as retraining and advanced training of 

civil aviation employees to acquire the necessary competencies to ensure flight safety and high-quality passen-

ger service at airports. It is emphasized that simulation, virtual reality, and artificial intelligence technologies 

have been actively integrated into the educational process of higher education institutions in recent years and 

have proven the feasibility of their use. However, their use in the corporate training of aviation employees is 
complicated by several obstacles. Among these, first, attention should be paid to the correctness of assessing 

the competencies acquired by employees, which is extremely necessary when making decisions on their certifi-

cation. The goal – to substantiate, based on the results of the experiment, the feasibility of using immersion 

technologies based on the synergy of gamification and artificial intelligence in corporate training of civil avia-

tion employees, which will ensure the interactivity of the educational process, its constructivism, and imple-

mentation according to a practice-oriented approach, as well as the realism of the assessment of the compe-

tencies acquired by the personnel for their subsequent certification by international standards. Results. Guided 

by the requirements of international standards, particularly for the performance of aircraft anti-icing work, a 

model for assessing the competencies acquired by employees due to advanced training in the correctness of 

aircraft anti-icing has been developed. This assessment model is based on fuzzy logic, which allows processing 

parameters with fuzzy limits and realistically assesses the quality of the anti-icing procedure. The construction 

methodology is based on the fuzzy phasing of input variables, building a rule base, and defuzzification to ob-
tain a final assessment. Conclusions. The study results proved the feasibility of using immersion technologies 

in the corporate training of civil aviation employees. They developed a model for assessing the competencies 

they had acquired, which allowed for a realistic assessment of airline employees’ acquired knowledge and 

skills and, accordingly, certifying them by international standards. 

 

Keywords: digital transformation of the educational process; immersive learning technologies; gamification; 

gamified learning; artificial intelligence. 

 

1. Introduction 

 
1.1. Motivation  

 

The digitization of modern society is spreading in-

to new areas of activity. Education is no exception. In 

this context, along with traditional educational ap-

proaches, immersion technologies – gamification, virtu-

al reality (VR), and artificial intelligence (AI) technolo-

gies – are increasingly being used. Their wide integra-

tion into the field of education contributes to the mutual 

complementarity of the applied educational paradigms 

aimed at training highly qualified specialists [1], the 

shortage of which is especially noticeable in civil avia-

tion, both in the countries of the world and, in particu-

lar, in the Republic of Kazakhstan. 

It should be noted that civil aviation in Kazakhstan 

is one of the fastest-growing industries in the country. 

Currently, there are 56 airlines registered in the Repub-

lic of Kazakhstan [2], transporting 14.3 million passen-

gers in 2024 and serving 29.7 million people at airports. 

In 2024 alone, domestic airlines acquired 11 aircraft, 

increasing the fleet's capacity by 28% to 15.4 thousand 

seats [3]. 

Shortly, the growth rate of air transportation by 

domestic aviation will only increase because the geo-

graphical location of Kazakhstan will allow it to serve 

as an essential link between Europe and China. There-

fore, the growing demand for air transportation in China 
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and other Asian countries will continue to contribute to 

the active development of Kazakhstan's aviation indus-

try [4]. Currently, the created fleet allows Kazakhstan's 

aviation to increase the number of routes, but the grow-

ing shortage of aviation specialists from year to year 

significantly complicates this process [5]. 

According to the Ministry of Transport of the Re-

public of Kazakhstan, approximately 23,000 people 

currently work in civil aviation [6]. At the same time, 

the annual shortage of personnel in aviation enterprises 

amounts to more than 0.5-0.6 thousand people. This 

scale is increasing every year. 

The Civil Aviation Academy of Kazakhstan 

(Academy) has trained aviation specialists in the coun-

try for a long time. It is expected that an audit conducted 

shortly by the European Aviation Safety Agency 

(EASA) will allow the Academy to receive a certificate 

confirming the high level of training of civil aviation 

specialists and thus reduce the proportion of foreign 

specialists (in particular pilots) attracted by airlines [7]. 

 

1.2. State of the art  

 

The Academy is creating a modern aviation-

training center that meets European standards for train-

ing pilots and engineers under the EASA PART-FCL 

programs for licensing pilots and EASA PART-66/147 

to obtain a license to perform aircraft maintenance 

work. In addition, the Academy Roadmap includes 

measures to digitalize the educational process fully [8]. 

The training of highly qualified aviation specialists re-

quires extensive theoretical knowledge and the acquisi-

tion of practical skills, making the use of immersion 

technologies particularly relevant in the educational 

process. 

It is essential to understand that even the most 

modern aircraft with high-tech control systems cannot 

guarantee flight safety without well-trained specialists 

[9]. Therefore, Academies actively integrate gamifica-

tion, VR, and AI technologies into education. Their use 

allows for the simulation of alternative spaces with the 

possibility of full or partial immersion of students in a 

given environment, which ensures the interactivity of 

the educational process, its constructivism, and imple-

mentation according to a practice-oriented approach. 

With the use of gamification and AI technologies 

in the educational process, students have acquired the 

opportunity to use pre-prepared learning tools and inde-

pendently form an idea of the environment in which 

they will conduct professional activities. AI can offer 

students a personalized educational path that optimizes 

and enhances learning. Combined with instant feedback 

and step-by-step instructions, immersion technologies 

act as highly qualified and flexible private tutors, with 

an endless bank of information and tasks adapted to 

students with different levels of intelligence, communi-

cation and knowledge acquisition rates. This practice 

significantly increases students’ academic potential with 

substantially less time investment [10]. 

The use of immersion technologies in the educa-

tional process, as evidenced by their practice, is accom-

panied by a positive effect [11]. However, their use in 

corporate training (retraining or advanced training) of 

aviation enterprise personnel has specific problems, the 

search for solutions to which is carried out in this study. 

A review of the literature. In recent years, the 

education sector has undergone several radical changes, 

which have affected all participants in the educational 

process [12]. In particular, during the COVID-19 pan-

demic, teaching had to be transferred to the online mode 

[13], which led to the integration of innovative technol-

ogies and teaching methods into education [14], which, 

as it turned out, opened up new opportunities for trans-

forming and enriching the educational process [15]. In 

particular, online education has contributed to creating 

an effective learning environment, flexibility, responsi-

bility, and active participation among students without 

direct and constant supervision by teachers [16]. Gami-

fication technologies involving game elements in learn-

ing have accelerated the transformation and enrichment 

of educational processes, activating students’ involve-

ment and motivation to learn. Motivation, as we know, 

is a vital element [17] because it contributes to effective 

learning and the achievement of better results [18, 19]. 

Therefore, the use of gamification technologies in 

the educational process should be recognized as a prac-

tical innovative approach in education, the advantages 

of which over traditional teaching technologies are visi-

ble in the publications of scientists such as Poluru N. 

[20]; Kim, J. and Castelli, D. [21]; Pozo-Sánchez, S., 

Lampropoulos, G., López-Belmonte, J. [22]; Lam-

propoulos et al. [14]; Kaufmann, D. [23]; Marín, B. et 

al [24]. 

 Gamification makes it possible to create personal-

ized educational programs and encourage enthusiasm in 

their implementation. It promotes the development of 

communication skills and social responsibility, friendly 

competition and cooperation [25], and improving inclu-

sive education [26], in particular, by creating a specific 

learning style and providing students with individual 

support when needed [27]. 

In symbiosis with technologies such as AI, content 

generation, automated assessment, automated manage-

ment, and others, gamification has an inexhaustible po-

tential to create [28] a more engaging [29], personalized 

[17], and effective learning environment. Therefore, 

gamification and AI technologies are actively intro-

duced by Kazakhstan's airlines in their employees' train-

ing, retraining and advanced training [30]. 

However, gamification has disadvantages [31, 32]. 
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Among these, the most attention-grabbing is the need to 

constantly revise methods of assessing acquired 

knowledge and competencies. In educational training, 

this issue is solved much more easily [33] than in corpo-

rate training of airline personnel because there are now 

many applications for online knowledge assessment. 

These are popular and easily accessible. At the same 

time, each application has standard and unique features 

[34], which makes it very difficult to select the best ap-

plication for knowledge assessment. This problem in the 

corporate training of airlines remains unsolved and re-

quires further research [35]. 

 

1.3. Objectives and approach 

 

The object of this study is to substantiate, based 

on the results of the experiment, the feasibility of using 

immersion technologies based on the synergy of gamifi-

cation and artificial intelligence in the corporate training 

of civil aviation employees, which will ensure the inter-

activity of the educational process, its constructivism, 

and implementation using a practice-oriented approach, 

as well as the realism of the assessment of the compe-

tencies acquired by the personnel for their subsequent 

certification by international standards. 

Based on the stated objective, the main tasks of 

this study were as follows: 

- based on the experiment results, substantiate the 

feasibility of using gamification technologies in symbi-

osis with artificial intelligence in civil aviation person-

nel's corporate training (retraining and advanced train-

ing); 

- guided by the methodology of fuzzy logic, to de-

velop a model for assessing the knowledge and skills 

acquired by airlines’ personnel in performing aircraft 

anti-icing procedures, the application of which in prac-

tice will allow establishing the level of compliance of 

competencies with the requirements of international 

standards; 

- visualize the experiment's results by assessing the 

knowledge and skills acquired by the students in per-

forming the anti-icing procedure, which will allow for 

determining the zones of optimal parameters, identify-

ing risk areas, and drawing conclusions about the level 

of competencies acquired by them. 

The article is structured as follows.  

Section 1 discusses the motivation behind this 

study. It also provides an overview of the state of digi-

talization of education with a focus on the use of im-

mersive technologies such as gamification, virtual reali-

ty and artificial intelligence. The application of these 

technologies is especially relevant in the training of 

highly qualified specialists in civil aviation in the Re-

public of Kazakhstan, which is experiencing a shortage 

of skilled personnel against the background of rapid 

growth of the industry. 

Section 2 describes the materials used in this 

study, as well as a set of research methods and the stag-

es of their application.  

Section 3 presents the stages and results of the 

conducted experiment to assess the competences ac-

quired by the personnel to perform work on aircraft an-

ti-icing. The expediency of applying immersion tech-

nologies based on the synergy of gamification and arti-

ficial intelligence in the corporate training of civil avia-

tion employees is proven, which will ensure the interac-

tivity of the educational process, its constructivism and 

implementation of a practice-oriented approach.  

Section 4 presents a discussion of the existing 

methods of assessment of competences acquired by the 

trainees, emphasizing their advantages and disad-

vantages, the possibility and expediency of their scaling 

in the educational process of higher educational institu-

tions and corporate training; substantiates the ad-

vantages of the author’s methodology based on fuzzy 

logic, which, due to the phasing of parameters and fuzzy 

rules, provides flexibility in decision-making and allows 

the instructor or automated system to form recommen-

dations for improvement. 

Section 5 presents conclusions based on the results 

of the study and reveals the practical significance of the 

author’s methodology of assessment of competences 

acquired by the students and outlines the directions of 

further research on this subject within the framework of 

the Project under the grant of the Science Committee of 

the Ministry of Science of the Republic of Kazakhstan 

No. AP19680080 ‘Development of a training complex 

with a system of engineering support for the technical 

operation of military and special aviation transport 

equipment’. 

 

2. Materials and methods of research 
 

To study the effectiveness of immersion training 

technologies, the Civil Aviation Academy conducted a 

series of experiments to assess the competencies ac-

quired by students based on the results of educational 

and corporate training. The experiment involved stu-

dents from the Academies and employees of the ground 

handling companies of the Kazakhstan air fleet. The 

anti-icing procedure of the aircraft was chosen to con-

duct an experiment to assess the competencies acquired 

by students. The fundamental basis for this choice was, 

first, the relatively high labour and material costs of 

developing the skills to perform this procedure of 

ground handling by airliners. 

The fuzzy logic method was used to develop the 

assessment model for students' acquired knowledge and 

skills in performing the anti-icing procedure, which al-

lows the processing of parameters with fuzzy limits. 
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The methodology for constructing this model is based 

on the fuzzy phasing of input variables, building a rule 

base, and defuzzification to obtain the final assessment. 

During the experiment, nine key input parameters were 

defined to characterize the anti-icing process (execution 

time, liquid consumption, uniformity of coating, etc.), 

and one output variable was defined to assess the proce-

dure's correctness. Each input variable is described us-

ing triangular membership functions to ensure a smooth 

transition between fuzzy states. The assessment rule 

based on expert knowledge made it possible to deter-

mine the relationship between the anti-icing procedure 

parameters and the final assessment. 

A scikit-fuzzy library in the Python environment 

was used to implement the model, which created a fuzzy 

control system, automated calculations, and visualiza-

tion of the results. The methodology included phasing 

the input data, applying the T-norm for the aggregation 

of rules, calculating each rule’s activity level, and ap-

plying the centroid defuzzification method to obtain the 

final assessment. Visualization of membership functions 

and contour plots of the relationship between variables 

allowed the evaluation of the influence of each of the 

parameters on the correctness of the anti-icing proce-

dure. Thus, the developed model is a flexible and effec-

tive tool for assessing the competencies of air transport 

ground maintenance acquired by students. 

 

3. Results  
 

Researchers at the Civil Aviation Academy of Ka-

zakhstan researched the use of gamification and AI 

technologies in the corporate training of airline person-

nel (in particular, in studying the correctness of per-

forming work on the anti-icing procedure) within the 

framework of Project No. AP19680080 «Development 

of a training complex with a system of engineering sup-

port for the technical operation of military and special 

aviation transport equipment». The slightest mistake in 

performing this procedure is fraught with a threat to 

flight safety. Therefore, airlines regularly organize ad-

vanced training courses for air fleet ground-service em-

ployees to perform this procedure. The safety of flights 

largely depends on the correctness and quality of their 

implementation. 

As noted earlier, training in implementing the anti-

icing procedure of aircraft is quite a labour- and materi-

ally expensive because it requires students to acquire 

practical skills in performing these tasks. The way out 

of this situation is to use gamification technologies in 

the learning process, in symbiosis with AI technologies. 

AI technologies can create a bank of situations with 

varying complexities of performing the anti-icing pro-

cedure, and gamification technologies can create a vir-

tual environment as close as possible to the real condi-

tions of performing this procedure. The assessment of 

the acquired competencies in the correctness of per-

forming anti-icing during this experiment was carried 

out using the fuzzy logic technique, which made it pos-

sible to process fuzzy and approximate the data charac-

teristics of real conditions for performing the anti-icing 

procedure. 

Based on the results of this study, a fuzzy model 

was developed to assess the competencies acquired by 

students in performing the aircraft anti-icing procedure 

based on the following key process parameters: execu-

tion time, fluid consumption, coating thickness, uni-

formity of application, compliance with regulations, 

ambient temperature, coating level, drying speed, and 

icing type. A fuzzy rules and fuzzy logic system was 

used in its construction. 

Fuzzy logic is a mathematical apparatus that mod-

els uncertainty and processes fuzzy (ill-defined) pa-

rameters. Unlike traditional Boolean logic, which oper-

ates only on two states (yes or no), fuzzy logic allows 

one to determine the degree to which a value belongs to 

a specific category in the range of 0 to 1. This method is 

especially useful for processes in which it is impossible 

to unambiguously determine the correctness of an ac-

tion, for example, in anti-icing processes, where the 

quality of aircraft processing depends on the interaction 

of many variables. 

This solution is part of the Digital Twin (DT) con-

cept of the aviation education process, which simulates 

real anti-icing conditions and allows students to adapt to 

real operational situations. A digital twin is a virtual 

reflection of a real process that enables the analysis of 

its effectiveness by testing different scenarios and pre-

dicting possible results. In our model, DT was used to 

assess students’ knowledge and skills in performing 

anti-icing procedures. 

This approach allows the following: 

- model various anti-icing conditions, including 

changes in temperature, icing level, and coating applica-

tion speed; 

- automatically analyzing errors and shortcomings 

in personnel actions based on fuzzy logic; 

- individualizing training by adapting assessments 

to specific situations. 

The process of constructing a fuzzy logic model 

consists of the following stages: 

Stage 1. Identification of input (9) and output (1) 

variables: 

 

                    X={x1, x2, x3, x4, x5, x6, x7, x8, x9},         (1) 

 

where:  

x1 – Execution Time (execution time, sec/min); 

x2 – Fluid Consumption (fluid consumption, litres); 

x3 – Coating Thickness (coating thickness, microns); 
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x4 – Coating Uniformity (application uniformity, %); 

x5 – Technology Compliance (compliance with 

regulations, 0 or 1); 

x6 – Ambient Temperature (ambient temperature, 

°C); 

x7 – Coverage (coverage degree, %); 

x8 – Drying Speed (drying and flow rate, min); 

x9 – Icing Type (icing type: 1 – light, 2 – medium,  

3 – heavy). 

The output variable of the model is Evaluation 

(evaluation of the correctness of anti-icing): 

 

у = f(X),                                (2) 

 

where f(X) is a fuzzy transformation that forms an as-

sessment of the correctness of the anti-icing procedure. 

Considering the uncertainty, each variable had 

fuzzy sets that allowed the system to analyze the anti-

icing results. 

Stage 2. Fuzzification (transformation of crisp val-

ues into fuzzy sets). 

The following membership function describes each 

fuzzy set: 

 

µA(x)[0,1],                               (3) 

 

where µA (x) is a function that determines the degree of 

membership of a value x to a certain fuzzy set A. 

We visualize the evaluation results using triangular 

(triangular, trim) activation functions. The main ad-

vantages of triangular functions are ease of use and 

speed of calculation. 

Activation functions were defined for all nine in-

puts and one output variable to correctly model the air-

craft anti-icing procedure. 

An example of a triangular membership function 

for \"Execution Time\" is given below: 

 

1 1

1

fast 1 1

1

1

0,  x 0 or x 5;

x
(x ) ,  0 < x 2.5;

2.5

5-x
,  2.5 < x 5;

2.5

 
  
 
 

   
 
 

 
 

              (4) 

 

Input Variables (for Airbus 321): 

1. The execution time (task execution time, 

sec/min) characterizes how long it takes to complete the 

anti-icing procedure. The longer the procedure, the 

higher the probability of errors or ineffective fluid ap-

plication. 

Fuzzy sets: fast → (0–5 min); optimal → (4–10 

min); long → (8–15 min); too long → (12–20 min). 

Figure 1 shows the activation functions for a variable 

that determines its fuzzy sets and the degree to which 

each value belongs to the corresponding category. 

 

 
 

Fig. 1. Activation (membership) functions  

of the variable “Execution Time” 

 

2. Fluid Consumption (fluid consumption, liters) 

characterizes the amount of fluid used during the proce-

dure. Excessive or insufficient usage may result in in-

complete protection against icing. 

Fuzzy sets: Low (low consumption) → (100–300 

l); optimal (optimal consumption) → (250–700 l); high 

(high consumption) → (650–1000 l). 

Figure 2 shows the activation functions for a vari-

able, defining its fuzzy sets and the degree to which 

each value belongs to the corresponding category. 

 

 
 

Fig. 2. Activation (membership) functions  

of the variable “Fluid Consumption” 

 

3️. Thickness (surface coating thickness, microns) 

characterizes the thickness of the applied layer of the 

anti-icing fluid. A coating that is too thin may be inef-

fective, excessively costly, and unstable. 

Fuzzy sets: thin (thin) → (0–40 μm); optimal (op-

timal) → (3️5–60 μm); excessive (excessive) → (55–90 

μm). 

Figure 3 shows a variable's activation functions 
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that determine its fuzzy sets and the degree to which 

each value belongs to the corresponding category. 

 

 
 

Fig. 3. Activation (membership) functions  

of the variable “Coating Thickness” 

 

4. The coating Uniformity (uniformity of coating 

application, %) characterizes the uniformity of the anti-

icing fluid applied. 

Fuzzy sets: Low (low uniformity) → (0–60%); 

medium (medium uniformity) → (50–80%); high (high 

uniformity) → (75–100%). 

Figure 4 shows the activation functions for a vari-

able that determines its fuzzy sets and the degree to 

which each value belongs to the corresponding catego-

ry. 

 

 
 

Fig. 4. Activation (membership) functions  

of the variable «Coating Uniformity» 

 

5. Technology Compliance (0 or 1) characterizes 

whether the established requirements for correctly exe-

cuting the anti-icing procedure are met. 

Fuzzy sets: Not Complied (Regulations violated) 

→ 0; complied (Regulations comply with) → 1. 

Figure 5 shows the activation functions for a vari-

able that determines its fuzzy sets and the degree to 

which each value belongs to the corresponding catego-

ry. 

 

 
 

Fig. 5. Activation (membership) functions  

of the variable «Technology Compliance» 

 

6. The ambient Temperature (°C) is a critical fac-

tor determining the rate of liquid drying and the risk of 

re-icing. Fuzzy sets: Low → (-10°C - 5°C); optimal → 

(4°C - 20°C); High → (15°C - 40°C). 

Figure 6 shows the activation functions for a vari-

able that defines its fuzzy sets and the degree of mem-

bership for each value in the corresponding category. 

 

 
 

Fig. 6. Activation (membership) functions  

of the variable «Ambient Temperature» 

 

7. The coverage (surface coverage, %) characteriz-

es the surface part adequately treated with an anti-icing 

fluid. 

Fuzzy sets: Poor (poor coverage) → (0–50%); Ac-

ceptable (Acceptable coverage) → (45–80%); Optimal 

(Optimal coverage) → (75–100%). 

Figure 7 shows the activation functions for a vari-

able that defines its fuzzy sets and the degree to which 

each value belongs to the corresponding category. 

8. The drying Speed (coating drying and flow rate, 

min) characterizes the drying and flow rate of the coat-

ing. The faster the liquid dries, the less time it protects 

the surface from re-icing. 



Modelling and digitalization 
 

11 

 
 

Fig. 7. Activation (membership) functions  

of the variable «Coverage» 

 

Fuzzy sets: Fast (fast drying) → (0–10 min); opti-

mal (optimal drying) → (8–20 min); slow (long drying) 

→ (18–40 min). 

Figure 8 shows the activation functions for a vari-

able that determines its fuzzy sets and the degree to 

which each value belongs to the corresponding catego-

ry. 

 

 
 

Fig. 8. Activation (membership) functions  

of the variable «Drying Speed» 

 

9. Icing Type (type of icing) is a characteristic type 

that must be removed during the anti-icing procedure. 

Fuzzy sets: Light Icing (light icing: ice crust, snow 

cover) → 1; Moderate Icing (moderate icing: icing due 

to frost fog) → 2; Severe Icing (severe icing: black ice, 

dense ice accumulation) → 3️. 

Figure 9 shows the activation functions for the var-

iable, defining its fuzzy sets and the degree to which 

each value belongs to the corresponding category. 

 

 
 

Fig. 9. Activation (membership) functions  

of the variable «Drying Speed» 

 

Output Variable. Evaluation (Anti-icing Correct-

ness Assessment, %) - evaluate the quality of anti-icing 

execution based on all input variables. 

Fuzzy sets: Low (0 ... 40 %). Significant errors, 

technology violations, and ineffective coverage. Medi-

um (41 ... 70 %). Partial procedure execution and the 

presence of minor errors. High (71 ... 100 %). Correct 

execution of all actions, optimal consumption, and uni-

form application. 

Figure 10 shows the activation functions for a var-

iable that determines its fuzzy sets and the degree to 

which each value belongs to the corresponding catego-

ry. 

Stage 3. Building a fuzzy logic rule base 

To assess the correctness of anti-icing, a fuzzy rule 

base was built to model the interdependence between 

the input and output parameters to determine the cor-

rectness of the work performed on the aircraft anti-icing 

procedure. 

The relationships between the variables and model 

rules are summarized in Table 1. 

 

 
 

Fig. 10. Activation (membership) functions  

of the variable «Evaluation» 
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Table 1 

Base of model rules 

№ 
Execution 

Time 

Fluid Con-

sumption 

Coating 

Thickness 
Uniformity 

Regulation 

Compliance 

Ambient 

Temperature 

Coverage 

Level 

Drying 

Speed 

Icing 

Type 

Evaluation 

Level 

1 Fast Low Thin Low 0 Low Unsatisfactory Fast Light 

Icing 

Low 

2 Fast Low Thin Low 0 Low Unsatisfactory Fast Moderate 

Icing 

Low 

3 Fast Low Thin Low 0 Low Unsatisfactory Fast Severe 

Icing 

Low 

4 Fast Low Thin Low 0 Low Unsatisfactory Optimal Light 

Icing 

Low 

5 Fast Low Thin Low 0 Low Unsatisfactory Optimal Moderate 

Icing 

Low 

… … … … … … … … … … … 

14154 Too Long Low Excessive Low 0 High Unsatisfactory Optimal Moderate 

Icing 

Low 

14155 Too Long Low Excessive Low 0 High Unsatisfactory Optimal Severe 

Icing 

Low 

14156 Too Long Low Excessive Low 0 High Unsatisfactory Slow Light 

Icing 

Low 

… … … … … … … … … … … 

17497 Too Long High Excessive High 1 High Optimal Slow Severe 

Icing 

Medium 

 

Formally, this can be written as follows: 
 

             R2: IF(µfast(x1) µlow(x2)  µthin(x3)  

                  µlow(x4)  µnotComplied(x5)                     (5) 

                  µlow(x6)  µunsatisfactory(x7)  

                  µfast(x8)  µmoderateIcing(x9) 
                          THEN µlow(y),                                    (6) 
 

where all variables are taken into account, and the min-

imum value of the membership functions determines the 

degree of activation of the rule: 

 

           µR2 = min(µfast(x1), µlow(x2), µthin(x3), 

           µlow(x4), µnotComplied(x5), µlow(x6), 

           µunsatisfactory(x7), µfast(x8), 

           µmoderateIcing(x9)).                                                 (7) 

 

All rules in the system are defined similarly. 

Stage 4. Rule aggregation and defuzzification 

After determining the rules' activity, we obtain a 

fuzzy estimate that must be converted into a crisp value. 

The centre of gravity method was used to obtain the 

final results as follows: 

 

*
y (y)dy

y ,
(y)dy









                              (8) 

 

where y* – final assessment of anti-icing performance; 

μ(y) – joint membership function of the output variable. 

Considering all the activated fuzzy rules, the centre 

of gravity method allows us to obtain the most balanced 

assessment. 

Stage 5. Software implementation of the model 

To implement the assessment model, students’ ac-

quired knowledge and skills in performing work on the 

anti-icing aircraft procedure and the scikit-fuzzy 

(skuzzy) library in the Python environment were used 

(Figure 11). 

Visualization of the assessment results of the com-

petencies acquired by the students in performing the 

anti-icing procedure allowed us to evaluate the zones of 

optimal parameters, identify risk areas and draw conclu-

sions about the correctness of performing this procedure 

under various conditions. The contour graphs help de-

termine the best combinations of input variables and 

identify the factors that have the most significant impact 

on the final result. 

The graph in Figure 12 demonstrates how the anti-

icing Execution Time and Fluid Consumption affect the 

procedure's efficiency. 

Figure 13 shows how the anti-icing coating thick-

ness and coverage level affect the accuracy of the anti-

icing work. The best assessment was observed with a 

short execution time and low fluid consumption. With 

increased time and excess fluid consumption, the effi-

ciency decreases, indicating the need for an optimal 

balance between the work speed and the rational use of 

the anti-icing fluid.  

Having the opportunity to observe their changes 

(Fig. 13), we conclude that an excessively thick coating 

can reduce the effectiveness of anti-icing by premature-

ly flowing liquid or its uneven distribution. An optimal 

anti-icing zone with average thickness values and a high 

level of coating uniformity. 

Low temperatures can slow drying down, which 

negatively affects the uniformity of the coating, and 

drying too fast can reduce the effectiveness of anti-icing 

protection. The optimum values were in the middle 

temperature range, with moderate drying and flow rates. 

The graph in Figure 15 characterizes the different icing 

types and Fluid Consumption. 
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Fig. 11. A fragment of the software implementation of the fuzzy logic model in Python programming language 
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Fig. 12. Relationship between time and consumption  

of anti-icing fluid during anti-icing procedure 

 

 
 

Fig. 13. Evaluation of the correctness of the anti-icing 

procedure based on the thickness of the anti-icing  

coating and its level of application 

 

The influence of Ambient Temperature, Drying 

Speed, and liquid flow on the quality of the anti-icing 

procedure is shown in Figure 14. 

Light icing (Icing Type = 1) requires minimal fluid 

consumption, and significantly heavier icing (Icing 

Type = 3). However, the graph also shows that substan-

tially more fluid does not always yield the best result, 

again emphasizing the importance of optimal dosing of 

the fluid used for anti-icing. 

The analysis of the relationship between the key 

parameters of anti-icing allowed us to identify the opti-

mal zones for performing this procedure, and the con-

tour graphs demonstrated that variable values that are 

too high or too low can negatively affect the effective-

ness of anti-icing. Only the average values of the pa-

rameters yielded the best results. 

Visualization of activation functions and contour 

graphs of the relationship between variables helped us 

understand the model's behaviour and solution. The 

centroid defuzzification method ensured a smooth tran-

sition between different levels of assessment of the 

competencies acquired by students in performing anti-

icing work and their realism. 

 

 
 

Fig. 14. Relationship between ambient temperature, 

drying rate, and flow rate of anti-icing coatings 

 

 
 

Fig. 15. Necessary consumption of anti-icing fluid  

depending on the type of freezing 

 

Thus, the developed model should be recognized 

as an effective tool for assessing the correctness of air-

craft anti-icing procedures, which is advisable both in 

the educational process for evaluating students' 

knowledge and in the corporate training of airline per-

sonnel. 

 

4. Discussion 
 

In the training and retraining of highly qualified 

specialists using gamification and AI technologies in the 
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learning process, the issue of the realism of assessing 

their acquired competencies, which solution researchers 

propose using the fuzzy logic technique, is becoming 

increasingly acute. The fuzzy logic technique makes it 

possible to determine the level of specialist training, 

identify weaknesses in the educational process, and 

make timely adjustments to the training system. In par-

ticular, Sokol A. [36] used the fuzzy logic technique to 

determine the required level of knowledge, relying on 

the qualification characteristics of specialists, the num-

ber and complexity of tasks, the importance of acquiring 

practical skills, etc. The algorithm model proposed by 

the authors makes it possible to obtain an integrated 

assessment of the effectiveness of training specialists 

based on a combination of knowledge, real data on the 

duration of training, and statistical methods, thereby 

creating an adaptive automated knowledge control sys-

tem. However, the proposed model is not sufficiently 

adapted for personnel with different levels of training 

and experience, which complicates both the training 

process and the assessment of the acquired knowledge 

and skills. 

Kharchenko A. O. [37] developed a methodology 

for the expert assessment of the integrity of the prepara-

tion of qualification papers based on fuzzy logic and 

fuzzy systems of type-2. The authors proved that the 

fuzzy logic system of type-2 allows better modelling 

and management of the levels of uncertainty that occur 

in reality than when using the fuzzy logic system of 

type-1. Given the high computational complexity of 

developing fuzzy logical inference systems of type-2, it 

is advisable to use interval fuzzy sets of the second type. 

To determine the level of integrity, the researcher uses 

alpha levels, which allow for considering the incom-

pleteness of data on existing influencing factors at each 

level of the hierarchical fuzzy logical inference system. 

This technique certainly deserves attention; however, it 

is fragmentary and should be recognized as a significant 

drawback. 

Azimjonov J. [38] recommended a new methodol-

ogy based on fuzzy logic for measuring student perfor-

mance in distance learning institutions. The researchers 

initially divided the criteria for assessing student per-

formance into primary and secondary categories. Four 

subparameters were classified as primary, and three 

subparameters were classified as secondary. The authors 

then scaled the sub-parameters to obtain accurate re-

sults. One disadvantage of the proposed methodology is 

the difficulty in interpreting and adjusting fuzzy param-

eters to assess student performance. In particular, be-

cause the system uses fuzzy sets and rules for assess-

ment, changing the corresponding coefficients requires 

a large amount of data to accurately calibrate the model. 

This can lead to subjectivity when determining various 

performance criteria weights, making it difficult to ob-

tain objective assessments. 

Grzesik and Kowalik [39] applied a fuzzy logic 

approach to assess the acquired skills in anti-icing per-

formance. The authors have described a fuzzy expert 

inference system that supports an algorithm for design-

ing aircraft anti-icing systems. Serke, D. et al [40] pro-

posed a radar icing algorithm (RadIA) that uses logic to 

determine the threat of weather radar detection. When 

analyzing the effectiveness of anti-icing procedures, this 

algorithm focuses on predicting possible icing, which is 

essential, but does not provide results for correctly de-

termining the process. 

The main idea of the author’s model of assess-

ment, acquired competencies by listeners, and correct-

ness of their performance of the anti-icing procedure, is 

to create fuzzy variables, their pacification, and to build 

a base of fuzzy rules, which considers the interrelations 

between the process parameters. The model was con-

structed in several stages. First, nine input and one out-

put variables (evaluation) are defined. Then, for each 

variable, fuzzy sets were created to determine the levels 

of characteristics and the corresponding triangular 

membership functions (trims), which were best suited 

for modelling the process. Then, the rules of fuzzy log-

ic, formalizing the relationship between the input pa-

rameters and assessment, were implemented. In the cal-

culation process, the T-norm (min) was used to deter-

mine the activity of the rules, and the centroid method 

was used to obtain the final assessment. The final im-

plementation stage included the use of a fuzzy control 

system (Control System), which allowed the entry of 

new data, evaluation of results, and construction of 

graphs of membership functions. 

Contour graphs were constructed to analyze the re-

lationships between the key parameters of the correct 

execution of anti-icing works and demonstrate how 

changes in the input variables affect the final assessment 

of the quality of the procedure. The best assessment was 

obtained with a short execution time and a low level of 

liquid consumption. With increased time and excess 

liquid consumption, the efficiency decreases, indicating 

the need for an optimal balance between the work speed 

and the rational use of the anti-icing liquid. Visualiza-

tion also confirmed the importance of temperature con-

ditions, the correct choice of liquid consumption, opti-

mal coating thickness, and duration of the anti-icing 

procedure. 

The proposed model can be used for both educa-

tional and practical purposes. In particular, Aeroflot 

ground-handling personnel assess students’ knowledge 

or training. This allows the simulation of various sce-

narios, based on which it is possible to analyze which 

factors impact the correctness of the anti-icing proce-

dure. Owing to the phasing of parameters and fuzzy 

rules, the model provides flexibility in decision-making 
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and enables instructors or automated systems to gener-

ate recommendations to improve the performance of 

this procedure. In addition, the model can be adapted for 

use in digital twin systems for anti-icing processes, 

which will allow its integration into simulators or quali-

ty control systems for performing procedures during the 

ground handling of the air fleet. 

 

5. Conclusions 
 

The results of this study demonstrate that simula-

tion, virtual reality, and artificial intelligence technolo-

gies have been actively integrated into the educational 

process of higher education institutions in recent years 

and have demonstrated the feasibility of their use. How-

ever, their use in the corporate training of aviation em-

ployees faces several problems. The first is the correct-

ness of assessing competencies acquired by employees 

due to advanced training or retraining. 

In search of solutions to solve a problem, an exper-

iment was conducted to assess the competencies ac-

quired by personnel performing anti-icing work on an 

aircraft. More than 350 people from among Kazakh-

stan's airline personnel participated in this experiment. 

Based on the experiment results, an original model was 

developed to assess the competencies acquired by the 

students and the accuracy of their performance in the 

anti-icing procedure. This involves creating fuzzy vari-

ables, phasing, and building a fuzzy rule base that con-

siders the relationships among process parameters. The 

model was constructed in several stages. First, nine in-

put and one output variable (Evaluation) were defined. 

Then, for each variable, fuzzy sets were created to de-

termine the levels of characteristics and the correspond-

ing triangular membership functions (trimf) best suited 

for modelling the process. Fuzzy logic rules were im-

plemented to formalize the relationship between the 

input parameters and evaluation. The calculation pro-

cess used the T-norm (min) to determine the activity of 

the rules and the centroid method to obtain the final 

assessment. The final stage of the implementation in-

cluded the use of a fuzzy control system (Control Sys-

tem), which allowed the entry of new data, evaluation of 

the results, and plotting membership functions. 

Thus, based on the results of the experiment, the 

feasibility of using immersion technologies based on the 

synergy of gamification and artificial intelligence in 

corporate training of civil aviation employees was prov-

en, which will ensure the interactivity of the educational 

process, its constructivism and implementation accord-

ing to a practice-oriented approach, as well as carry out 

a more realistic assessment of the competencies ac-

quired by the personnel for their subsequent certifica-

tion following international standards. 

Further research will be conducted to develop a 

methodology for assessing the correctness of group task 

performance by the team as a whole and by each team 

member individually. For this purpose, under the Pro-

ject under the grant of the Science Committee of the 

Ministry of Science and Higher Education of the Repub-

lic of Kazakhstan No. AP19680080 ‘Development of a 

training complex with a system of engineering support 

for the technical operation of military and special avia-

tion transport equipment’, several experiments will be 

conducted among the civil aviation personnel of the 

Republic of Kazakhstan. 

 

Contribution of authors: conceptualization, 

methodology – Kayrat Koshekov, Rustam Togamba-

yev; formulation of tasks, analysis – Nataliia Levchen-

ko; development of model, software, verification – 

Kayrat Koshekov, Abay Koshekov, Ildar Pirmanov; 

analysis of results - Natalia Levchenko, visualization – 

Abay Koshekov, Yuri Tanovitsky, Yakub Kurbanov; 

writing – original draft preparation – Kayrat Ko-

shekov, Rustem Togambayev; writing – review and 

editing – Kayrat Koshekov, Abay Koshekov. 

 

Project information: Project under the grant of 

the Science Committee of the Ministry of Science and 

Higher Education of the Republic of Kazakhstan No. 

AP19680080 «Development of a training complex with 

a system of engineering support for the technical opera-

tion of military and special aviation transport equip-

ment». 

The overwhelming number of training stands for 

aviation devices, systems, and units currently used in 

the Republic of Kazakhstan, as well as the aviation 

equipment to which they relate, are outdated. Ordering 

training stands that meet modern requirements costs as 

much as a real aircraft unit, instrument, or system. The 

use of three-dimensional models and virtual reality 

technologies will make it possible to create virtual train-

ing benches that meet modern requirements for training 

aviation technical personnel and to multiply them with 

minimal costs only for virtual reality equipment. 

According to the conducted analyses, the most ap-

propriate software life cycle model was chosen – an 

iterative incremental model of creating a training appli-

cation for students of full-time, part-time and distance 

education on the aviation module ‘Aerodynamics, De-

sign and Systems’. This model is considered the funda-

mental basis of modern software development ap-

proaches. The model is characterized by a certain duali-

ty: 

- From the point of view of the application life cy-

cle, this model is considered iterative because it implies 

repeated repetition of the same stages;  

- From the point of view of application develop-

ment (adding useful functionality to it), the model is 
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considered incremental. 

The relevance and importance of the proposed sci-

entific solutions provides a significant economic effect 

because it is 100% safe for students, replaces training in 

practice, no airport pass is required, no risk of possible 

damage to the aircraft or injuries during training, organ-

ization of practices with an unlimited number and with-

out large costs, taking into account expensive resources 

and time, the possibility of stopping the simulation to 

discuss the problem with the trainee, simulation of any 

weather conditions and surface conditions, simulation of 

risky situations. In the conditions of online learning 

implementation, the organization of virtual internships, 

practical and laboratory classes to ensure practical com-

petences of future specialists becomes a significant pro-

ject. 

Due to the importance of the project for the avia-

tion of Kazakhstan, the project aimed to develop, test 

and implement the technology of designing digital 

simulators with engineering support system for the 

technical operation of military and special aviation 

transport equipment on the basis of 3D-modelling and 

virtual reality to ensure high-quality theoretical and 

practical training following the requirements of interna-

tional standards and recommended practices of ICAO, 

EASA and IATA. 

A number of scientific and practical tasks have 

been solved to achieve the set goal. Firstly, design tech-

nologies based on methods and algorithms for trans-

forming design documentation into the likeness of real 

objects were developed. Databases of 3d models of the 

photorealistic quality of instrument panels and control 

elements of military and special aviation transport 

equipment, as well as their textures for further use, have 

been created. Structuring and storage of files according 

to the criteria of optimizing the speed of access to in-

formation for further design of digital simulators.  Kay-

rat KOSHEKOV, Abay KOSHEKOV and Yuri 

TANOVITSKIY are the executors of this project. 

Second, a hardware-software complex of imple-

mentation of digital simulators for maintenance and 

operation of military and special aviation transport 

equipment was designed: an anti-blanketing machine, 

slurry machine, ambulatory lift, autotrap, container 

transloader, belt transloader, baggage tractor, driver 

tractor, driverless tractor, and armoured vehicles. The 

executors of this project are Rustam TOGAMBAYEV, 

Abay KOSHEKOV and Yuri TANOVITSKIY.  

Third, a simulator complex with an engineering 

support system for the technical operation of military 

and special aircraft transport equipment was developed. 

Creation of client-server logic of the application, allow-

ing control of several connected clients from one server. 

Rustam TOGAMBAYEV, Ildar PIRMANOV and 

Nataliia LEVCHENKO are the executors in this area.  

Fourth, a Commercialization Centre was estab-

lished by organizing training and issuing certificates and 

a licence to operate special equipment at the aerodrome 

in accordance with the requirements of international 

standards and recommended practices of ICAO, EASA 

and IATA. Kayrat KOSHEKOV, Nataliia 

LEVCHENKO and Abay KOSHEKOV were in-

volved in the development of technical documentation 

and organisational issues related to the opening of the 

Centre.  

Fifth, an important element of the project is the 

development of an intelligent system to assess trainees’ 

practical competences. The results of research in this 

direction are presented in this article. The executors are 

Rustam TOGAMBAYEV, Kayrat KOSHEKOV, 

Nataliia LEVCHENKO and Abay KOSHEKOV. 

Approbation of the results of experimental re-

search on the project in the conditions of JSC ‘Almaty 

International Airport’ allows us to assert that the follow-

ing problematic issues of the organization of education-

al and production processes are successfully solved: 

high level of correspondence of real objects and pro-

cesses in virtual training, simultaneous multi-user sce-

narios for coordinated training of the team, individual 

responsibility for the actions performed in the process of 

training, reducing the influence of the human factor on 

the training process. A standard for training personnel in 

the air transport industry and an innovative approach to 

training based on interactive training methods are being 

developed.      

Based on advanced information and communica-

tion technologies, the authors of the project have devel-

oped and implemented at JSC ‘Aircraft Repair Plant No. 

405’ a management system, which allows, thanks to the 

developed simulators, not only to create interactive sce-

narios based on virtual reality technologies to ensure 

deep immersion in the studied material but also to con-

duct the educational process with full administration 

and data analysis. The software is implemented on the 

Moodle platform, which provides a high level of securi-

ty and flexibility to customize the process of publishing 

training materials and the process of studying materials 

based on the time spent studying the material to fix 

practically correct and incorrect actions. Also advanta-

geous is the ability to integrate popular services: Zoom, 

Google Meet, Big Blue Button, and Google Calendar. 

Ildar PIRMANOV and Yakub KURBANOV devel-

oped the structure and model of the management system 

and software of the educational platform 

In addition, as a result of the project implementa-

tion, a new concept of methodological support for the 

maintenance and operation of military and special avia-

tion transport equipment with modelling of standard and 

abnormal situations during operation for practical train-

ing was proposed. The material for each type of equip-
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ment includes 4 types of content: lectures with textual 

content, video materials, test control tasks, and practical 

exercises using simulators. Approbation of the meth-

odological support and software of the educational pro-

cess management system in the conditions of JSC ‘Air-

craft Repair Plant No. 405’ showed many advantages 

for application: high speed of loading of educational 

material when using the web version is much higher, 

guaranteed correct display of content, fast and unlimited 

creation of copies of materials in the conditions of com-

plex production process.  Rustam TOGAMBAYEV, 

Ildar PIRMANOV, Nataliia LEVCHENKO and Ya-

kub KURBANOV were engaged in experimental re-

search and development of the concept and implementa-

tion of methodological support 

The project is significant at the international level 

in the field of modernization of education and develop-

ment of information and telecommunication technolo-

gies, aircraft engineering, intellectual technologies, digi-

tal signal and image processing. 

The implementation of this project contributes to 

the development of innovative directions in aviation 

science, such as the application of artificial intelligence 

in knowledge assessment and the use of technical vi-

sion, machine learning, Deep Learning, Data Science 

and Big Data. 
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ЦИФРОВІЗАЦІЯ ОСВІТНЬОГО ПРОЦЕСУ: СИНЕРГІЯ ГЕЙМІФІКАЦІЇ  

ТА ШТУЧНОГО ІНТЕЛЕКТУ ПРИ ПІДГОТОВЦІ ВИСОКОКВАЛІФІКОВАННИХ  

СПЕЦІАЛІСТІВ ЦИВІЛЬНОЇ АВІАЦІЇ 

Р. К. Тогамбаєв, І. А. Пірманов, К. Т. Кошеков, Н. М. Левченко, А. К. Кошеков,   

Ю. М. Тановицький, Я. М. Курбанов 

Предметом дослідження є процес цифрової трансформації освітнього процесу підготовки висококва-

ліфікованих спеціалістів повітряного транспорту, а також перепідготовки та підвищення кваліфікації праці-

вників цивільної авіації з метою набуття ними необхідних компетентностей для забезпечення безпеки по-

льотів. Підкреслено, що технології симуляції, віртуальної реальності та штучного інтелекту останніми рока-

ми досить активно інтегрувалися в освітній процес вищих навчальних закладів і довели доцільність їх засто-
сування. Однак, їх застосування при корпоративному навчанні співробітників авіації ускладнюється цілою 

низкою перепон. Серед яких передусім слід звернути увагу на правильність оцінювання набутих співробіт-

никами компетенцій, що є вкрай необхідним під час ухвалення рішень щодо сертифікації набутих ними 

компетентностей. Ціль - обґрунтувати, спираючись на результати експерименту, доцільність застосування 

під час корпоративного навчання працівників цивільної авіації імерсійних технологій, які ґрунтуються на 

синергії гейміфікації та штучного інтелекту, що надасть змогу забезпечити інтерактивність освітнього про-

цесу, його конструктивізм та реалізацію за практико-орієнтованим підходом, а також здійснити більш реалі-

стичне оцінювання набутих персоналом знань та навиків задля сертифікації рівня їх компетентностей у від-

повідності до вимог міжнародних стандартів. Результати. Керуючись вимогами міжнародних стандартів, 

зокрема щодо виконання робіт з анти-айсингу літаків, розроблено модель оцінювання набутих співробітни-

ками за результатами проходження корпоративного навчання компетентностей в частині правильності ви-

конання анти-айсингу літаків. Дана модель оцінки набутих компетентностей заснована на нечіткій логіці, 
що дає змогу опрацьовувати параметри з нечіткими межами і реально оцінити якість виконання процедури 

анти-айсингу. Методологія її побудови базується на нечіткій фазифікації вхідних змінних, побудові бази 

правил і дефазифікації для отримання підсумкової оцінки. Висновки. За результатами дослідження доведе-

но доцільність застосування імерсійних технологій під час корпоративного навчання співробітників цивіль-
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ної авіації, а також розроблено модель оцінювання набутих ними компетенцій, застосування якої на практи-

ці надасть змогу реально оцінювати набуті знання та навички працівників авіакомпаній та сертифікувати 

рівень їх компетентностей відповідно до міжнародних стандартів. 

Ключові слова: цифрова трансформація освітнього процесу; імерсійні технології навчання; гейміфіка-

ція; гейміфіковане навчання; штучний інтелект. 
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