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Abstract

:

This article explores contemporary models of the development of methodological competence, focusing on the needs of IT discipline teachers. The challenges in implementing these features within modern educational conditions are identified, underscoring the necessity for creating innovative teaching methods adapted to the requirements of IT teachers. By analyzing current trends in the educational environment, the authors highlight key stages in the continuous education system for teachers, including the mastering of basic education, adapting young teachers, and fostering their professional development. The article reveals the actual possibilities of developing the methodological competence of teachers as an ongoing endeavor to elevate their professional pedagogical culture. In the article, the authors propose a conceptual model within the domain of education, serving as the basis for constructing an efficient mathematical model which is specifically designed to create individualized learning trajectories for IT discipline teachers with the focus on managing the process of methodological competence development during the synthesis of training courses. The authors propose an innovative approach to teacher retraining, centered around individualized needs and abilities, with the aim of enhancing the quality of education in the field of information technology.
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1. Introduction


In the modern educational context, there is a constant complexity of tasks presented to educational institutions, driven by increased demands from society and the state. This dynamic process requires adaptability from the education system to ever-changing socio-cultural and technological challenges. Consequently, there is a growing need to fulfill the social order, which includes the formation of a competitive graduate capable of continuous personal and professional growth.



One of the key factors in solving this problem is the professional competence of the teacher, since the quality of the staff largely depends on them. Teachers’ willingness to successfully address modern educational challenges, adapt to new pedagogical approaches and technologies, and their ability to effectively interact with a diverse student audience, are becoming important aspects of a teacher’s professional activity.



In the context of higher education in Kazakhstan, this takes on special significance in light of the increasing demand for graduates with higher levels of education. This demand is a consequence of the development of technology-intensive sectors of the economy that require the implementation of digital technologies. According to data from the Ministry of Digital Development, Innovation, and Aerospace Industry of Kazakhstan, the annual additional demand for IT professionals in the country is estimated at approximately 30,000 people [1]. Of course, these professionals must be competitive and competent.



Taking into account the needs of modern society, the emphasis must be placed on the quality of training in universities, particularly focusing on the development of methodological competence among teachers. To achieve this, it is essential to develop skills in applying innovative educational methods and technologies, as they play a significant role in shaping the quality of education and the success of student learning.



The analysis of the content and methods of competence-based training for specialists in various fields highlights the importance of an activity-based approach. Ryabykhina [2] emphasizes that responsibility for educational activities and the search for effective solutions to pedagogical problems are key values for teachers. Mâţă [3] asserts that competence is always manifested in activities related to solving professional tasks. Liu Y, Zhao L, and Su Y-S [4] stress that the role of teachers is to organize student learning activities, emphasizing that teaching is primarily about organization and facilitating learning.



From this, we can conclude that a lack of methodological competence among IT discipline teachers may lead to a number of problems in teaching IT specialties as follows:




	
Limited effectiveness of educational practices: insufficient training of teachers from a methodological point of view may lead to suboptimal use of modern methodological tools, thereby reducing the effectiveness of educational practices and limiting the students’ learning of material;



	
Resistance to outdated pedagogical approaches: a lack of methodological readiness leads to the use of outdated pedagogical strategies that do not align with the dynamics and requirements of the contemporary field of information technology;



	
Inadequate adaptation to IT realities: instructors’ inability to adapt teaching methods to the specificities of IT specialties can hinder the transmission of relevant knowledge and the development of appropriate skills;



	
Lack of psychological support: a low methodological level in the areas of psychology and pedagogy can impede the provision of necessary psychological support to students, especially given the high levels of stress and uncertainty inherent in the IT field;



	
Insufficient objectivity in assessment: teachers may encounter difficulties in designing objective assessment methods, which, in turn, increases the likelihood of subjectivity and unfairness in evaluation procedures;



	
Challenges in implementing innovations: a low methodological level may restrict the adoption and use of innovative educational technologies—an essential aspect in IT education for preparing students to meet dynamic market demands;



	
Lack of selection and use of inclusive technologies: insufficient training of teachers may lead to insufficient selection and use of inclusive technologies, making it difficult to create a favorable educational environment for different categories of students;



	
Impact of methods and means on students’ motivation: students may face a problem related to the impact of methods, means, and organizational forms of learning on their motivation in the process of learning IT technologies.








To overcome the identified challenges, it is essential to establish a unified digital space that fosters the continuous development of methodological competence among teachers of IT disciplines. This space should also serve as a proactive platform for professional growth, aimed at cultivating competencies necessary for navigating the complexities of modern challenges and constant changes. As such, an information system represents an adaptive and versatile tool, enabling participation in the learning process for an unlimited number of individuals, regardless of their geographical location. With its help, it will be possible to build an individual trajectory for the development of a teacher’s methodological competence.



The objective of this article is to develop a mathematical model for constructing an individualized learning trajectory focused on enhancing the methodological competence of IT discipline teachers, which will serve as a fundamental module within the existing information system [5].



By tailoring the model to each teacher’s unique competency profile, considering their personal challenges and growth prospects, we can mitigate the risks of uniformity and ensure flexibility and personalization in the teaching and development process.




2. Literature Review


An analysis of theoretical aspects in the scientific literature on higher education and the professional–pedagogical activities of university teachers reveals that there is currently no unified interpretation of the terms “methodological competence” and “teacher’s methodological competency”. Overall, researchers agree that competence is an objective condition encompassing a set of powers, rights, and responsibilities, as well as a generalized approach to actions that contribute to effective problem-solving. In turn, competency is defined as an integrative characteristic of an individual, reflecting a formed system of attitudes and internal qualities that enable a person to realize their competencies [6].



Researcher Liliana Mâţă [3] asserts that the formation of competence occurs through generalization, involving multiple abilities within a single context. She claims that every individual is capable of independently developing their competence by leveraging specific internal resources, such as intellectual abilities, practical skills, individual qualities, and motivation. According to the researcher, these internal resources encompass knowledge, skills, abilities, competencies, and value orientations.



Kansanen and Pertti [7], define competence as a quality influenced by external factors, developed over a lifetime, and manifested through activities and interactions with others. It is based on knowledge and individual characteristics that evolve within the educational process and become its outcome.



Given the general understanding of competencies in the educational field and drawing from scientific research on the specifics of a teacher’s methodological competence, as well as considering the nuances of professional–pedagogical training and their teaching activities, we can conclude that methodological competence is a structural component of professional competence. It represents an integrative characteristic of a teacher’s personality, encompassing knowledge and skills related to the development, selection, and application of appropriate teaching technologies and methods for solving educational tasks related to instruction, upbringing, and student development. Additionally, it involves awareness of these approaches as valuable orientations and proficiency in reflection and continuous improvement of one’s own methodological practices.



According to Karl Schweizer, Merle Steinwascher, Helfried Moosbrugger, and Siegbert Reiss [8], the foundation for the formation, emergence, and manifestation of a university teacher’s methodological competence lies in a combination of developed didactic, organizational, scientific, socio-psychological, and instrumental competencies.



Considering the research findings of these authors and reviewing an extensive list of works by both domestic and international scholars on the given topic, particularly the works of Görlich A., Ebert T., Bauer D., Grasl M., Hofer M., Lammerding-Köppel M., and Fabri G. [9], which focus on the development of methodological competence among medical university teachers, we can highlight the model proposed by the author of the article. This model identifies the following six competency areas: educational activities in medicine, student-centered teaching approaches, socio-communicative skills of teachers, role modeling and professionalism, reflection and advancement of personal pedagogical practices, and systemic teaching and training within professional contexts.



Based on the highlighted areas of competence identified by researchers, it is evident that these aspects contribute equally to the development of methodological competence. For each competency area, specific components can be defined, aligned with educational goals, and illustrated with practical examples to facilitate their application in practice.



The aforementioned studies serve as a foundation for identifying the key components of methodological competence among IT discipline teachers, where the main components were identified as follows [10]:




	
The cognitive component encompasses the foundational knowledge and understanding of essential concepts, methods, and principles related to the teaching and learning process.



	
The didactic component is one of the key elements of professional competence. It covers knowledge, skills, and abilities associated with designing, organizing, and conducting educational processes.



	
The design component plays a crucial role in the preparation and organization of the educational process. This component includes the knowledge, skills, and abilities necessary to develop courses, training materials and methodological strategies.



	
The information component is vital in the educational context. This component involves knowledge of current educational theories, scientific research, teaching methods and educational materials.



	
The communicative component plays a significant role in an effective educational process. This component covers skills and abilities in the field of communication, interaction, and creation of an enabling educational environment.



	
The reflective component represents the ability for self-analysis and self-reflection, as well as the capacity to make informed decisions based on this analysis. This component enables teachers to continually refine their teaching methods and adapt them to changing conditions and student needs.



	
The monitoring component is essential for ensuring quality education. It involves an instructor’s ability to systematically track and evaluate the teaching process, student learning outcomes, and the effectiveness of their teaching methods.



	
The personal–motivational component plays an important role in the formation of high-quality education and the impact on the success of students’ education. It is linked to a teacher’s personality traits, motivation, and psychological characteristics, which enable them to effectively fulfill their educational responsibilities.



	
Further, the soft skills were combined into one component (communicative, reflective, personally motivational). Research on professional education, pedagogical competence, instructional activities of teachers, teaching and upbringing methodologies (Hoffman, J. V., Svrcek, N., Lammert, C., Daly-Lesch, A. [11]) has demonstrated that experts highly value these components as the most important and useful in the context of actual pedagogical practice.








The choice of these specific components of the methodological competence of an IT teacher is justified by the fact that many studies in the field of education and pedagogy (Hikida, M., Chamberlain, K., Tily, S. [12]) identify these components as key to successful learning [5]. They are based on long-term observations and analysis of the effectiveness of teaching methods. Observations have shown that many educational systems and curricula include these components in their standards and recommendations for teachers of IT disciplines, since the components are interconnected and mutually reinforcing, providing an integrated and effective methodological approach to teaching.



Numerous pedagogical theories and concepts, such as constructivism and the sociocultural approach, emphasize the importance of these components for successful training and the development of IT discipline teachers [13].



Consequently, the selection of these components is driven by their recognized significant contribution to education quality and the effectiveness of teaching IT disciplines. Moreover, it contributes to the formation of a comprehensive methodological competence of the teacher, enabling them to successfully carry out the educational process.



Given the ambiguity, integrativity, and complexity of such education as the methodological competence of a teacher, it can be assumed that an exhaustive and universal structuring of it is hardly possible. However, it is evident that across various frameworks for pedagogical competence, certain consistent components emerge, namely the personal, cognitive (knowledge-based), and activity-related components.



This is confirmed by the work of scientists studying the issue of developing the competence of teachers in various applied branches of science and education. For example, Rohr-Mentele S. Forster-Heinzer S [14] were able to empirically divide methodological competence into two dimensions as follows: understanding-based and action-based. Action-based competencies are mainly acquired in the course of work and reflect the training programs of the customer (employer).



Research in the field of assessment of methodological qualifications, the development of methodological skills, and professional assessment of pedagogical competence, etc. [15,16], contributed to the justification of the choice of specific levels of proficiency in the skills of methodological competence of teachers of IT disciplines and confirmation of their relevance for a specific educational system or organization.



Research and articles in the field of pedagogy and professional education, discussing the levels of teacher competence and criteria for their determination (Antera S. [17], Yermolenko, A., Kulishov, V. [18], Aleksieienko-Lemovska, L. [19]); textbooks, instructional manuals, and standards that describe the requirements for teachers’ methodological competence (Di Donato-Barnes, N., Fives, H., & Krause, E. S. [20]); and the study of methods and practices from other countries in assessing and developing teachers’ methodological competence (Di Donato-Barnes, N., Fives, H., & Krause, E. S. [21]) have contributed to defining criteria that will be used to assess the level of proficiency in methodological competence.



Knowledge, skills, adaptability and innovation, assessment skills, and others were accepted as criteria. Further, an assessment scale was developed that would reflect the levels of proficiency in methodological competence skills. The scale was chosen numerically and contained descriptions of levels (advanced, experienced, expert, etc.).



The analysis of the presented articles allows us to identify several key aspects related to the methodological competence of teachers of IT disciplines.



Firstly, the components of methodological competence are highlighted, such as professional education, pedagogical competence, educational and methodological activities, as well as teaching and upbringing methods. These components are recognized by experts as the most important for successful teaching activities.



In their work, Kuk and Hatala [22] discuss issues related to measuring and assessing methodological competence among university teachers. The article emphasizes that existing assessment methods tend to focus more on measuring subject-specific knowledge rather than determining the level of methodological competence. Additionally, many of these methods rely on surveys, which may lead to subjective and unreliable results due to potential biases in teachers’ responses.



To improve the situation, it is essential to develop more objective and reliable methods for assessing methodological competence. These methods could include not only surveys but also other approaches, such as observing teaching activities or analyzing student outcomes. Such approaches can provide a more accurate picture of teachers’ methodological competence and the effectiveness of their instructional practices within the university.



Secondly, the importance of choosing these components of methodological competence based on long-term observations and analysis of the effectiveness of teaching methods is emphasized. This confirms their importance and relevance in modern educational systems.



The third aspect concerns the approach to assessing the methodological competence of teachers. Numerous studies are highlighted here, where competence levels, criteria for their determination, and the development of assessment scales are discussed. This indicates the need for a systematic approach to assessment and the development of methodological competence, as well as the desire for objectivity and reliability of the assessment process.



Finally, an important conclusion is the recognition of the complex and integrative nature of the teacher’s methodological competence. This confirms the need to consider not only knowledge and skills, but also personal qualities, abilities to adapt and innovate, as well as evaluative skills. Such an integrated approach makes it possible to assess and develop the methodological competence of teachers, which contributes to improving the quality of education in general more fully.



Thus, to determine the level of proficiency in the components of methodological competence among IT discipline instructors, we propose using five levels as follows: expert, advanced, developing, situational, and zero. The assignment of a specific level to a particular percentage range will depend on the context and specific assessment criteria. Here, is the suggested schema for defining the levels and their percentage distribution:



Expert level—at this level, the teacher has a high level of methodological competence. They demonstrate a deep understanding of methodological principles and possess a wide range of skills in all components of methodological competence. The teacher is able to innovatively and creatively apply methods and approaches to learning, effectively use a variety of methodological techniques and technologies, and adapt them to different learning contexts.



Advanced level—the teacher at this level demonstrates high methodological competence. They have in-depth knowledge and a wide range of skills in most components of methodological competence. The teacher successfully applies a variety of teaching methods, adapts educational materials and resources to the needs of students, effectively evaluates students, and analyzes learning outcomes.



Developing level—at this level, the teacher has basic knowledge and skills in most components of methodological competence. They can apply basic teaching methods and techniques, select, and create learning materials, adapt them to the needs of students, and conduct a basic assessment of students.



Situational level—at this level, the teacher has limited knowledge and skills in some components of methodological competence. They can apply basic teaching methods and techniques, but with limited flexibility and innovation. The teacher needs to further develop their methodological skills and replenish their knowledge in the field of teaching methods.



Level zero—at this level, the teacher has extremely limited or missing knowledge and skills in many components of methodological competence. They find it difficult to apply teaching methods and techniques, select and adapt educational materials, and evaluate students. The teacher requires significant training and support to develop their methodological competence.



It is important to note that the percentage determination for each level is relative and can be contextual. This scheme represents the general concept of assessing the levels of methodological competence and can be adapted in accordance with specific criteria and expectations of an educational organization or system.



In the scientific research conducted by [23,24], a structural model for constructing a system to develop methodological competence and methods for assessing its effectiveness are examined.



One of the important studies devoted to the assessment of the methodological competence of university teachers is presented in [25]. The author identifies several key skills and competencies that teachers need to successfully apply active teaching methods and create a stimulating learning environment. They also emphasize the importance of developing educational materials and using innovative technologies to make the educational process more exciting and accessible to students.



Another noteworthy study is [26], which is devoted to the theoretical foundations of the formation of methodological competence of teachers of higher educational institutions. The author offers a comprehensive approach to the assessment and development of methodological readiness of teachers, emphasizing the importance of supporting and assisting the university administration in this process.



In a number of works [27,28], the scientific and methodological foundations of designing information and educational portals are considered.



In the scientific research conducted by X. Yang, W. Wang, W. Zhang, J. Xu [8], and others [29], various aspects of subject identification models within educational spaces are explored, including the development of knowledge identification systems for learners, methods for analyzing and modeling knowledge, and the identification of learning styles and recommendation systems.



However, there is no review of the research concerning the theory and practice of using a single digital space in the format of an information system to improve the methodological competence of teachers of IT disciplines with the possibility of fine-tuning to an individual profile of competencies and subsequent tutor support, which led to the conclusion that the aspect of its use has not been sufficiently studied, particularly from this point of view. The problem of developing these systems is poorly covered. This justifies the urgency in the need to develop a mathematical model for building an individual learning trajectory for the development of methodological competence of teachers, the result of which will be an improvement in the quality of learning outcomes.




3. Research Methodology


To determine the range of problems, the following steps were taken: (1) theoretical analysis of scientific psychological–pedagogical and specialized literature related to the research topic (works by domestic and foreign scholars); (2) analysis of legislative and normative documents regarding the organization of professional development for teachers (laws and regulatory acts of the Republic of Kazakhstan). For this purpose, qualitative methods such as comparative, aspect-oriented, and content analysis were employed. Overall, more than 200 scientific papers were analyzed for the purposes of this study, with more than 40 being used directly.



To achieve the objectives of the study, project vector management methodology was used to build a learning trajectory for teachers of IT disciplines. To calculate the optimal learning trajectory of students, the method for calculating the achievement of target points was used. The Monte Carlo method was implemented to model probabilistic models in the methodology of design vector control.



For the research, the following methods were employed: analysis of pedagogical, psychological, and methodological literature; pedagogical modeling; observation of IT discipline teachers’ and students’ activities during the educational process; surveys and interviews with teachers; testing of teachers; pedagogical experiments; and statistical methods for data processing.



The implementation of the model developed by [23] involves the following stages enhancing the methodological competence of IT discipline teachers during professional development: initial preparatory (pre-course), theoretical and practical (courses), and implementation (post-course). Therefore, in the process of experimental work, the methods were divided into three categories as follows:




	(a)

	
Methods of installation, input diagnostics, which are used at the beginning of teacher training in advanced training courses to differentiate course participants by the level of formation of methodological competence;




	(b)

	
Methods of current, in-depth diagnostics to track intermediate results and the effectiveness of the course preparation process, and to identify problems and difficulties faced by students;




	(c)

	
The methods used in the final diagnosis after completion of advanced training courses to assess the success of students in completing course training programs and to determine the levels of formation of methodological competence of IT discipline teachers. The evaluation of diagnostic tools was carried out taking into account the quality criteria (according to K. Ingenkamp) as follows: validity, reliability, and objectivity.










4. Main Part


Against the backdrop of rapid changes in the field of education, driven by the development of technologies and new socio-cultural trends, the formation of the methodological competence of the teacher is of particular relevance. Change is affecting all countries worldwide, transforming their economies and labor markets, albeit at different speeds. Uncertainties, opportunities, and risks that need to be managed lead to change, and in order to make progress in building a prosperous society, there is a need to build a new model of methodological competence focused on the skills of the future needed to successfully meet the challenges of today’s educational landscape.



In their scientific paper, the authors of [10] determined the new structure of the model of methodological competence of IT teachers. The possession of the components specified in the model is considered as a necessary condition for improving the level of pedagogical activity aimed at achieving new educational results stated in the state educational standards of education and involves the continuous development of methodological competence.



The authors of [10] defined the structure of the model of methodological competence of IT teachers. Possession of the components specified in the model is considered as a necessary condition for increasing the level of pedagogical activity aimed at achieving new educational results stated in the educational standards of education and implies continuous development of methodological competence. Initially, six components of teachers’ methodological competence were identified, such as «Knowledge», «Design», «Monitoring», «Personal–motivational», «Reflexive», and «Communication». Further, content analysis of theoretical material, analysis of professional activity of a teacher, the structure of teacher’s methodological competence proposed in modern English-language studies and research papers [30,31] revealed the need to revise, clarify the names, and integrate the components of the model to more accurately reflect their impact on the educational process (Table 1).



Thus, by choosing a more capacious name, the most frequently used for the designation of terms, the component «Knowledge» was renamed into «Instructional delivery», «Design» into «Curriculum design» (as it exclusively concerns the educational process), and «Monitoring» into «Assessment Skill». In this study, we proceed from the position that methodological competence is based on the correlation of interrelated motivation, value orientations, theoretical knowledge, practical skills, professional qualities of personality, and reflection. As mentioned above, «Personal–motivational», «Reflexive», and «Communication» were united under the generalizing term «Soft skills».



Many scientists [32,33] include the following components in “soft skills”: emotional intelligence, persuasion skills, finding an approach to people, communicative and managerial talents, the ability to resolve conflict situations, emotional intelligence, readiness for well-thought-out risks, loads, stresses and conflicts, creativity, flexibility, and the inclination to search for alternative solutions. Having analyzed the terms “soft skills”, “personal–motivational”, “reflexive”, and “communication”, we came to the conclusion that they are in many ways similar in meaning, and these components can be considered as one of the “soft skills” of teachers necessary for effective professional activity in the constantly changing conditions of the professional environment.



The proposed configuration of the model of methodological competence of teachers of IT disciplines is optimal, since it covers all aspects of the teacher’s pedagogical activity. This structure of methodological competence (Table 2) involves the process of changing it in moving from one level to another [34].



Based on the analysis of scientific papers, we believe that methodological competence, like other personal and professional qualities [35,36], can be formed at one of five levels (Table 2). Since the scheme described in the Literature review section represents the general concept of assessing the levels of methodological competence, we adapted it to the updated configuration of the model of methodological competence of teachers of IT disciplines. As can be seen, each subsequent higher level acquires some qualitative characteristics that are (especially) absent in the previous one.



Based on the updated components of methodological competence proposed above and their proficiency levels, it is possible to visualize the reflection of this process as follows (Figure 1). The central element is the student–teacher relationship of IT disciplines. There are various levels of competencies around the student, which are presented in the form of a diagram.



At each level, the teacher has certain competencies corresponding to their professional training and experience. The key components at each level are knowledge, skills, adaptability and innovation, and assessment skills. The structure of the model makes it possible to systematize and structure the process of developing the methodological competence of the teacher, providing a clearer idea of how a certain level of competence can be achieved and what competencies need to be developed at each stage of professional growth.



Such a structure is a valuable tool for assessing and developing the methodological competence of IT discipline teachers, contributing to improving the quality of education in this area.



The development of methodological competence among IT discipline teachers is integrated within the lifelong learning concept. The modern structure of the continuing education system for teachers in the global context includes the following stages: mastering fundamental education in Kazakhstan [6,37], the period of adaptation, and formation of professional activity of young teachers under the guidance of more experienced colleagues, professional development, and self-education for practicing teachers.



However, the analysis of the subject area revealed that professional development or retraining of teachers has a number of key factors as follows:




	
The availability of different levels of education (on the basis of college, bachelor’s, master’s or doctoral studies);



	
Different categories of students, with different levels of need for the development of methodological competence;



	
Availability of residual knowledge on certain topics of study;



	
Short-term nature and possible interruption during the training period.








Therefore, an important condition for the development of the teacher’s methodological competence in the conditions of retraining or professional development lies in the design of individual educational trajectories of the teacher within the framework of the subject area studied by them.



An individual educational trajectory is defined as a purposefully designed differentiated educational program that enables teachers to choose its development and implementation while providing pedagogical support for their self-realization, considering professional and educational needs, abilities, and personal interests.



To manage competence development, it is necessary to calculate the optimal learning trajectory. For determining the optimal learning trajectory of students, a method of calculating the achievement of target points is proposed.



The method for calculating the optimal learning trajectory (referred to as «movement») of IT discipline teachers (referred to as «learners») to achieve the target points of educational programs involves using the Monte Carlo method [38]. We chose this group of numerical methods because they rely on generating a large number of realizations of a stochastic (random) process. This process is designed to match the probabilistic characteristics of the relevant quantities in the problem being solved. In other words, it models processes with uncertainty, e.g., in our case, constructing teachers’ learning trajectories, accounting for individual variations [39]. Since each IT discipline teacher has their own set of personal competencies, we need to tailor a unique learning trajectory for each teacher based on the specific methodological competencies they lack from a pedagogical perspective. In this article, we apply the method of calculating the optimal trajectory of learners within the project-vector management methodology, specifically utilizing the Monte Carlo method to calculate probabilistic learning trajectories for IT discipline teachers based on their required methodological competencies.



Project-vector management methodology has been tested in several systems implemented for managing educational processes and universities as a whole [38,40].



At the same time, the distribution of probabilities when choosing the learning trajectory of students will be calculated through the priority of the components of the student’s training for the formation of certain competencies and the formation of the student’s knowledge and skills.



In the method of determining the learning goals that correspond to the maximum acquisition of the necessary competencies in the educational program of the course, the endpoints of the students’ movement are calculated.


  ∀   Π   k   ,   C   j   :   A   k     j           T   k   d i r    ¯    =     x   k 1     j           T   k   d i r    ¯    ,   x   k 2     j           T   k   d i r    ¯    , … ,   x   k p     j           T   k   d i r    ¯      ,  



(1)




where     x   k 1     j           T   k   d i r    ¯    , … ,   x   k p     j           T   k   d i r    ¯      learner’s end coordinates     C   j   k     of educational program of the Pk course at the planned time of completion of the student’s training       T   k   d i r    ¯   .



In the method of calculating the optimal trajectory of movement, additional information is the relationship of students along the course of movement in the educational environment. This interconnection (or, more precisely, interactions) determines how much energy (time, credits, finances) must be additionally spent so that a certain student shifts by one unit of distance in the educational environment, taking into account the acquisition of specific knowledge and skills for the formation of competencies necessary for the student at the end of training and, accordingly, how much and what resources are needed for this.



In other words, the movement of stakeholders in the educational environment should be linked to the movement of all learners in such a way that existing interactions contribute to the achievement of goals (movement towards endpoints) rather than hinder it. To carry this out, it is necessary to note the interconnection of the students themselves (hereinafter referred to as subjects) within the framework of different educational programs of the course. The movement of one subject overcomes the resistance zones caused by the movement of other subjects (students, course trainers, etc.). Therefore, it is exceedingly difficult to find the optimal trajectory of movement in the total amount of interacting subjects.



To solve this problem, we will set the structure of interactions between subjects in the educational space. Let


  F     Q   j   (   A   k     j     ( t ) ) /   Q   i   (   A   k     i     ( t ) )   ,  



(2)




where the impact of Qi subject with     A   k     i     ( t )   coordinates to subject Qj with     A   k     j     ( t )   coordinates. This influence leads either to resistance to the movement of the subject of the educational process, or to the promotion of this movement.



The determination of the influence of educational environment subjects is crucial for establishing priorities in the displacement of subjects within the educational environment (EE). The significance of these subjects reflects their impact on other components of the EE. After all, the location (coordinates) of influential subjects within the EE will determine how quickly other subjects will shift to acquire necessary educational competencies.


    θ   j k p   =     ∑  i = 1   k      φ   j i p       K   ,  



(3)




where     θ   j k p    —a coefficient that determines the average magnitude of the subjects’ exposure EE Qj of Pk educational program(EP) in the Np direction;



K—number of subjects affected by EE subjects Qj Pk EP.



It is also important to consider the impact on each of the EE subjects. This impact is equal to:


    ρ   i k p   =     ∑  j = 1   k      φ   j i p       K   ,  



(4)




where     ρ   i k p    —coefficient that determines the average value of the impact about the EE Qi Pk EP with other entities of EE in the Np direction.



The determination of the EE subjects’ goals in present within the fixed asset (the final coordinates of the movement). The final coordinates correspond to the goals of implementing the training of an individual trajectory of movement for obtaining certain competencies by students. They can be obtained by using the vector method of goal achievement and are presented in the form of


    P   k   : ∀   C   j k   :   x   k 1     j         t   m a x     , … ,   x   k p     j         t   m a x     ,  



(5)




where     C   j k    —EE subject of Pk EP;



    x   k 1     j         t   m a x     , … ,   x   k p     j         t   m a x     − f i n a l   c o o r d i n a t e s   o f   EE subject     C   j   k     of Pk EP at the time of completion of the training tmax; tmax—moment of completion.



The conditions for achieving the goals of students are determined in the EE (restrictions). The final coordinates of the movement should not be less than the directive (initially) set and should be reached before the planned completion date of training. In addition, the cost of training (time, finances) should not exceed the planned one as follows:


     t   m a x   ≤   t   f i n   ;    ∀ i =   1 , p  ¯  :   x   k i     j           T   k   д и p    ¯    ≤   x   k i     j         t   m a x     ;      E   f a c t   k   ≤   E   p l a n   k    .  



(6)







Establishing the initial conditions for calculating the trajectories of students, the initial conditions are as follows:




	
The time of the start of training (start of movement) is t0.



	
The starting point of the movement of students in the EE. When accepted, we obtain the following:










    P   k   : ∀   Q   j   :   x   k 1     j         t   0     , … ,   x   k p     j         t   0     ,  








where     x   k 1     j         t   0     , … ,   x   k p     j         t   0       the initial coordinates of the students in EE Qj of educational program Pk.



The end point of the subjects’ movement in the EE as far as possible from the initial one.



When accepted, we obtain the following:


    P   k   : ∀   C   j k   :   x   k 1     j         t   f i n     +   x   ′   , … ,   x   k p     j         t   f i n     +   x   ′   ,  



(7)












	3.

	
The number of motion modeling options in EE—    N   v     m a x      .









To determine a rational trajectory for students following their individual learning paths, we will conduct modeling of the movement options (Figure 2). These options will be defined by prioritization and interaction among students to achieve the necessary competencies based on learning outcomes. The best alternatives will be proposed to students within the framework of the selected educational program project, allowing them to choose the optimal learning trajectory.



The initial simulation option is set to 0: Nv = 0, where Nv is the number of the simulation option.








	
The transition to the next version of the simulation.








The next number of the simulation option is set Nv = Nv + 1.



If     N   v   >   N   v   m a x    , transition to paragraph 6.



The movement step is set—Nd = 0, where Nd—the number of the movement step.



The initial coordinates of the EE students (subjects) and the initial moment of time are set t0 as follows:


    P   k   : ∀   Q   j   :   x   k 1     j         t   0     , … ,   x   k p     j         t   0      



(8)




where     x   k 1     j         t   0     , … ,   x   k p     j         t   0       is the initial coordinates of the subjects of the Qj educational program of the Pk course.



The initial costs necessary to achieve certain competencies (time, finances) within the framework of the educational program of the course are fixed:


  ∀   P   k   :   E   f a c t   k   =   e   0   k    



(9)




where     E   f a c t   k     is the actual cost of Pk training;



    e   0   k     is the initial cost of a Pk project (incurred at the beginning of Pk training).








	2.

	
Moving on to the next step of the movement, we obtain the following:











Nd = Nd + 1.



(10)







The calculation of the next moment in time is as follows:


    t     N   d     =     N   d   − 1   ∗ ∆ t +   t   0    



(11)







If the coordinates of all subjects exceed the target, or the actual costs are higher than planned, go to paragraph 1.








	3.

	
Calculation of forces when moving in directions at a time     t     N   d      









The direction of movement of subjects is estimated by the specific efforts to shift the subject in each direction, the priority of this direction and the magnitude of the impact on the subject in this direction, determined through δjki. To reduce the cost of moving subjects, there may be a subject whose displacement will reduce the cost of learning subjects. Moreover, it will reduce more significantly than the cost of movement of the subject of training, i.e., for the Ni direction:


     P   k   :   Q   *   =     Q   s     , s =   1 ,   K   *    ¯  ,   K   *   > 0 ∧   δ   j k i   S   <   δ   j k i   :      δ   j k i   S   =   K   i   j k   +   ρ   j k i   S       x   k 1     j         t     N   d       =   x   k 1     j         t     N   d − 1       + ∆ x , … ,   x   k p     j         t     N   d       =   x   k p     j         t     N   d − 1       + ∆ x   ;      δ   j k i   =   K   i   j k   +   ρ   j k i       x   k 1     j         t     N   d       =   x   k 1     j         t     N   d − 1       + ∆ x , … ,   x   k p     j         t     N   d       =   x   k p     j         t     N   d − 1       + ∆ x   ;      δ   s k i   =   K   i   s k   +   ρ   s k i       x   k 1     s         t     N   d       =   x   k 1     s         t     N   d − 1       + ∆ x , … ,   x   k p     s         t     N   d       =   x   k p     s         t     N   d − 1       + ∆ x   ,   



(12)




where K*—the number of subjects whose displacement leads to a reduction in the cost of shifting subjects in the EE;



Qs—the number of subjects whose displacement leads to a reduction in the cost of shifting subjects in the EE;



    δ   j k i    —the generalized coefficient of resistance to the movement of the subject Cj OP Pk in the Ni direction;



    δ   j k i   S    —the generalized coefficient of resistance to the movement of the subject Cj OP Pk in the Ni direction;



    δ   s k i    —the generalized coefficient of resistance to the movement of subjects is Qs,



and the cost of shifting subjects is less than the cost compensation due to the reduced impact on this subject:


    δ   j k i   S   ∗     ∆ x     3   +   δ   s k i   ∗     ∆ x     3   <   δ   j k i   ∗     ∆ x     3   ⟹   δ   j k i   S   +   δ   s k i   <   δ   j k i    



(13)







The need for prioritizing the displacement of subjects within the educational environment arises. This involves subsequent recalculations of the displacement possibilities for these subjects. Achieving this condition is feasible when increasing the coordinates for certain subjects beyond the coordinates of the reference subject results in a change of the interaction coefficient sign from “negative” to “positive” within the educational environment.








	4.

	
Selection of shifting subjects. If K* = 0, then:









If there are objects shifted by ∆x in this step of the movement, then proceed to step 2. Otherwise, the selection for displacement among the educational environment subjects occurs randomly based on a probability distribution according to the following formula:


    p   j k   =     σ   j k       ∑  l      σ   j k        



(14)




where     p   j k    —the probability of selection to a bias in the direction Ni of the Cj subject of Pk EP;



Otherwise, the objects within the educational environment that undergo displacement are selected from the set     Q   U   *   =     Q   b   U     , b =   1 , U  ¯  ,   w h e r e   Q   U   *   ⊆   Q   *    . The displacement of these objects by an amount ∆x reduces the resistance within the educational environment relative to other educational subjects (according to Formula (1)). If the set Q_U^ is empty, proceed to Step 2. The selection of the object is then carried out randomly based on a probability distribution using the following formula:


    p   j k i   =     θ   j k i       ∑  b = 1   U      θ   b k i        



(15)







  w h e r e     p   j k i    —the probability of selection to a bias in the direction of Ni of the subject Qj EP Pk;








	5.

	
Calculation of the displacement. If:


    E   p l a n   k   −   E   f a c t   k   ≥   δ   j k p   ∗     ∆ x     3   ,  

















Then, the following is accepted:


     x   k p     j         t     N   d − 1       + ∆ x ;      E   f a c t   k   =   E   f a c t   k   +   δ   j k p   ∗     ∆ x     3    .  











Otherwise:


    x   k p     j         t     N   d       =   x   k p     j         t     N   d − 1       .  



(16)







Return to paragraph 3.



	6.

	
Estimation of the obtained target coordinates of movement in PVP.







The evaluation of the received variants of the learning trajectory (movement) is carried out in order to achieve the learning goals and obtain the necessary competencies. If the values do not satisfy the students, then the initial data are corrected, and everything is repeated from point 1. If they satisfy–completion.



To ensure the implementation of training, an information system has been developed for training, taking into account the individual learning trajectories of students.



For a course posted in an information system, learning outcomes must be recorded at the time of registration of this content on the platform and automatically recorded in the digital profile of the teacher upon completion of training.



Movement along the track is reflected in the form of progress in the levels of formation and manifestation of each component of methodological competence, the formation of which is aimed at the track.



The overall progress on the track consists of the progress on the track component.



The progress in the levels of formation and manifestation of the component of methodological competence is calculated as follows:




	
The total weight of the competence component is equal to the sum of the weights of all its elements.



	
The weight of an element of the competence component is equal to the product of its indices in the matrix of target results of the competence component.



	
The current progress is equal to the sum of the weights of the fixed elements of the competence component.








Let us consider the criteria for the formation of weighting coefficients of methodological competence, as shown below:


  K =   {   K   i   }   I   ,  








where     K   i    —  i  -th criteria for the formation of weighting coefficients of methodological competence;   I  —components of methodological competence.


    K   i   i I  











Then, the main statement of the task of multi-criteria formation of weighting coefficients of methodological competence takes the following form:


  K   C o m p   → m a x  











Let us define the main criteria of methodological competence as follows:




	
«Instructional delivery» component;



	
«Curriculum design» component;



	
«Assessment skill» component;



	
«Soft skills» component.








The next step is to create a square matrix and, using the method of expert assessments, calculate the weight coefficients for each of the criteria as follows:









	
	K1,1
	…
	Ki,j



	K1,1
	1
	v1,m
	v1,j



	…
	vn,1
	1
	vn,j



	Ki,j
	vi,1
	vi,m
	1








The next step is to create a square matrix and, using the method of expert assessments, calculate the weight coefficients for each of the criteria:



Taking into account the opinion of experts, we will determine the weight of each methodological competence according to the following formula:


    ∑  q = 1   Q        r   q   ×   K   q     C o m p     → m a x ,    



(17)




where the weighting factor of the optimization criterion is as follows:


    r   q   q  











Let us take an example.



Table 3 shows the general scheme of the matrix of the target results of one component of methodological competence N. The elements of the matrix are the actions that the user must master as part of the formation of the competence component when moving along the track. The fixed elements of the competence component are highlighted in gray, namely those topics that the user has already mastered.



Applying the above-described procedure for calculating progress by levels of formation and manifestation of the methodological competence component, we reach the overall progress of the development of this component at 36%.



In this example, attention should be paid to the “missing” element in the process of forming the component. Such a situation is possible when moving along the track, since this element of the competence component can be formed, for example, only in the process of completing a project that the user abandoned when building an individual educational trajectory. In this case, even after the complete completion of the movement along the track, the component of methodological competence will not be formed by 100% progress, since the experience of manifesting all the actions provided for by the model for the formation of this component has not been accumulated. Nevertheless, this element of the methodological competence component can eventually be covered by other educational courses.



Thus, movement along the track can be non-linear and depends on the user’s choice of how to build an individual educational trajectory.



An information system was developed to implement the training (Figure 3).



The system is designed to enable efficient interoperability between its components, which include the backend, interface, and database. The backend of the system is developed using Java Spring Boot, which provides a comprehensive platform for server-side development. This allows the system to process numerous user requests at the same time, which is an important feature in the context of an information system intended for educational purposes.



The system’s interface is designed using React 17 JS, which offers a robust and user-friendly interface for system users. It provides an intuitive interface, which is a crucial requirement for an educational system that needs to be easy to use. The interface supports various functionalities of the system, which include training, forecasting, and post-course support. PostgreSQL 16.3 is used to develop the database, which provides a scalable and reliable data management system for the proposed information system. The database is used to store the data from the system, which include user details, course information, and all other relevant information. The database is designed to ensure the integrity and confidentiality of the system’s data.



The backend and frontend communicate with each other through an application programming interface (API) to ensure that all the necessary data are processed and transferred efficiently between the two components. The interface passes user requests to the backend, which then processes the requests and provides the necessary responses. The database also communicates with the server component to provide the necessary data, and the server component updates the database with any new information generated by the system.



The initial stage of the process of forming a digital profile of a teacher in the forecasting system and continuous support for the development of methodological competence, as the first step in building their educational trajectory involves collecting data on the following aspects:




	
Personal data—full name, date of birth, education, work experience and other personal data of the teacher;



	
Pedagogical experience—periods and place of teaching in educational institutions;



	
Specialization and subject areas—indication of the names of the disciplines taught by the user, indicating the periods;



	
Scientific activity—data on scientific publications, research, participation in scientific conferences and projects;



	
Results of the questionnaire on the input testing of the system;



	
Additional data—information about internships, advanced training (taking place in the system or other educational institutions), etc.








For data collection, various sources are used, including educational institution databases, teacher surveys, and current information system, which considers the teacher’s activity in the educational process. After filling out the initial questionnaire, the teacher’s answers are stored in the database, and the level of their competencies is recorded and displayed on the competency map in their profile (Figure 4).



Personal data can only be changed by the user of the account. The data of the competence card are stored in the database and are changed when the teacher fills out the questionnaire in the digital profile (Figure 5).



After collecting data on teachers, the next step is to analyze and assess the current competence, which makes it possible to assess the current level of competence of each teacher in various aspects and based on the data. From this, it is possible to identify areas in which teachers need additional support and development. This may include learning new teaching methods or deepening knowledge in a subject area.



As part of the study, questionnaires were compiled to assess the level of methodological competence of teachers, for the development of which the following methods were used [41,42]:




	
Likert-based questionnaires are one of the most common methods. Respondents answer the questions by choosing one of the proposed answer options (for example, from “strongly disagree” to “strongly agree”). These questionnaires can cover different aspects of competence, such as knowledge, skills, and abilities.



	
Case study methodology—respondents are asked to consider specific scenarios or cases related to pedagogical practice and give their assessment for each case.








The methodology of situational tasks was used as an example for creating questions in a questionnaire aimed at assessing the level of methodological competence in IT discipline teachers [43,44]. This technique allows evaluating a teacher’s abilities in communication and interaction with students in various situations, which is a crucial aspect of methodological competence.



This process can be described as follows:




	
Definition of competencies and identification of the necessary competencies for teachers of IT disciplines.



	
Creating scenarios and the development of scenarios reflecting typical situations that a teacher may encounter in the process of learning and interacting with students. Using the example of a communicative component, these may be situations when students ask a lot of questions or when there is a conflict in the audience.



	
Formulation of questions, specifically, drawing up questions that would allow you to assess the teacher’s reaction to various situations. The questions are structured in such a way that they reflect several aspects of the communicative component, such as the ability to listen, adapt to the audience, emotional intelligence, etc.



	
Definition of evaluation criteria for evaluating the answers that were defined for each question. These criteria include the level of activity and flexibility in communication, emotional responsiveness, the ability to resolve conflicts and other important aspects.








In the period from March to May 2024, a group of IT discipline teachers from Kazakhstani universities underwent testing to assess their level of methodological competence. Let us denote this group as the pre-course evaluation group (EG1). The post-course evaluation group (EG2) consisted of teachers who were part of the EG1 but had completed additional courses to enhance their methodological competence, allowing for the measurement of changes in their level of competence.



After conducting the survey, the responses were evaluated according to established criteria, and the results were analyzed. The outcomes following the initial entrance testing were determined as the baseline level for EG1 (see Table 4).



The data obtained from the survey indicate that within the framework of teacher professional development courses, it is necessary to focus on the development of skills for analyzing program and methodological materials, evaluating the quality of educational resources, identifying methodological issues and determining solutions.



In the digital profile of the “Courses” module, a list of training courses registered in the system, which are necessary for the teacher to pass, is formed. In the process of training the student, the algorithm for building an educational trajectory can be based on any change in the current level of development in the digital profile. The system will generate recommendations, and the user can use them when choosing a further path.



Administrators can create courses, assign a trainer to a course, create a schedule for the start and end of the course, and fill in the certificate of successful completion of the course in their accounts. Throughout the course, they can view the current results of the instructors, monitor the organization and delivery of the course, and make adjustments. The course trainer, in turn, can contribute to the course materials, and add course sections, presentations, and practical and test tasks (Figure 6).



In the “Post-Course Support” module, the user of the system gains access to the course materials, including recorded video lessons, seminars, trainings, etc. (Figure 7).



This module is necessary for managing courses, and creating and adding video lectures, tests, and open-ended assignments to the course.



The principles on the basis of which all teacher training programs are developed as follows:




	-

	
Modularity—each training program of a topic or an independent section within a topic should contain interrelated modules (parts) for different levels of retraining;




	-

	
Individuality and variability—for different categories of students there may be different aspects of studying topics (options for training programs);




	-

	
Uniqueness—the content of the programs of training modules should not overlap both by levels within the same topic (section of the topic) and between topics (sections of topics);




	-

	
Minimization of costs for retraining of students—the training course should be minimal in duration, provided that a given set of knowledge and skills is achieved, and based on the standards for advanced training of teaching staff in Kazakhstan.









Based on the principles listed above, it is necessary to decompose the subject area of study and then build a model in the form of a discrete space Q—a space for the formation of methodological competence for the provision and organization of the learning space. Methodological competence is a set of knowledge and skills (practical skills; X), each element of which xi characterizes a certain state of competence in space Q as follows:


X = {x1, x2, …, xn}.



(18)







The transition from one state of competence xi to another xj in space Q can be carried out with the help of one or more training modular training programs pt ∈ P, which complement the set of knowledge and skills of state xi to the set of knowledge and skills of state xj.



The structure of modular training programs is developed on the basis of the following step-by-step decomposition of the subject area of study:




	
The allocation of retraining cycles;



	
The allocation of independent topics and sections of training within each cycle;



	
The separation of aspects of the study of the topic (section) depending on the target audience;



	
The distribution of target competence states depending on the levels of immersion—zero, situational, basic, advanced, or expert.








In the space Q, we define an incident relation between sets X and P using a weighted oriented hypergraph H (X, P), where X is the set of vertices modeling different competence states, P is the set of arcs modeling the retraining process (program modules).



Let us consider the features of the model that reflect the specifics of this subject area and make it possible to develop an effective method for managing the process of building a personal learning trajectory for the formation of competence in the course of the synthesis of training courses from program modules.



In order to implement the principle of minimizing the cost of retraining personnel, the weights of arcs L (pi) are introduced, corresponding to the number of academic hours of the corresponding training module.



The decomposition of the domain is reflected in the hypergraph by dividing the original set X into a set of non-overlapping subsets as follows:


X = {X1, X2, …, Xn},



(19)




where n is the number of different topics (sections of topics) to be studied; Xi is a subset of competence states related to a given topic (topic section).



The presence during the topic (section of the topic) of training modules with different aspects and levels of training allows you to establish an order relation on a subset of vertices Xi. Each vertex xj ∈ Xi is marked with the ordinal number s(xj) = 1, 2, …, k.



Such vertex marking establishes an order relation in each subset of Xi: the zero level of training in a given topic (section of the topic) corresponds to number 1, the situational level corresponds to 2, and so on.



Thus, it is possible to establish the incidence between the vertex of the target competence and the ordered subset of vertices Xi of the initial competence, while linking the vertex of the target competence with an arc only to the vertex xj ∈ Xi that corresponds to the minimum permissible initial competence for a given topic (section of the topic).



Figure 8 shows a fragment of the graph in which the arc (xi, xj) also indicates the presence of an incident relationship with other vertices of the subset Xi, the ordinal number of which is higher (in the figure, the arcs (xi, xk) and (xi, xm) are shown as dashed lines).



In the hypergraph of the domain, the incidence relation can be as follows (Figure 9):




	-

	
Binary, if there is such a training module (arc pi = (xi, xj)) in the course, which complements the set of knowledge and skills from the state of initial competence (vertex of graph xj) to the target state of competence of this module (vertex of graph xj);




	-

	
N-ary, if there is such a training module (oriented hyperrebro pi = {xi, xk, …, xm, xj}) in a course that complements the set of knowledge and skills from the necessary set of states of initial competence (vertices of graph xi ∈ X) to the target state of competence of this module (vertex of graph xj).









Let us highlight the characteristic features of the model as follows:




	
There is such a vertex x0 ∈ X, which has a half-step of entry p + (x0) = 0; this vertex corresponds to zero methodological competence (within this course).



	
There are such vertices xi ∈ X, in which the half-degree of the outcome is p − (x0) = 0; these vertices correspond to the final states of the target methodological competence (within this course).



	
The set of vertices of the hypergraph X represents ordered subsets X1, X2, …, Xn with a given order ratio at the vertices of the subset (ordered components of methodological competence in terms of aspects and levels of training).



	
The binary arc establishes the relationship as follows: initial competence (not lower)—training module—target competence.



	
A directed hyperedge has one important property; there is always one, and only one vertex of drain (the vertex of target competence) and several vertices of the source (a set of vertices of minimum initial competence).



	
The transition to the top of xj ∈ X (the state of target competence) along the hyperline pi = {xi, xk, …, xm, xj} is possible only if all vertices xi ∈ {pi\xj} are reached (the necessary set of states of minimum initial competencies for the implementation of this training module).



	
Each arc of the hypergraph has a weight (the number of academic hours of the module).








The method for synthesizing an educational course involves the following scenario: Suppose we have a list of requirements for methodological competence (a set of knowledge and skills to be achieved during the learning process). Additionally, we have a list of initial competency states for the learners, established through an entrance test. The goal is to find a sequence of course modules that



	
Augments the initial set of knowledge and skills to match the desired competency level;



	
Minimizes the training costs associated with achieving this competency.






Using the developed domain model in the form of a weighted directed hypergraph H(X,P), this problem in terms of graph theory was formulated.



In a hypergraph H(X,P), two sets are defined as follows: the set of initial competence states Xinitial ∈ X and multiple states of target competence Xtarget ∈ X, such as


Xinitial, Xtarget ≠ ∅, Xinitial ∩ Xtarget = ∅.











For the lack of knowledge and skills, the state of x0 is given—in this case, Xinitial = x0. Then, in the connected hypergraph, H(X,P) is given. It is always possible to find such a counterway μt,


∀xk ∈ Xtarget ∃μt (xk, …, xi): xi ∈ Xinitial.











To find such a set of edges Pcourse ⊂ P,


Pcourse =∪ μt и ∀pi ∈ Pcourse (ΣLpi → min).











Thus, the task of synthesizing the Pcourse curriculum with minimal costs (minimum duration in academic hours) is reduced to finding a combination of counter way that are minimal in terms of total weight, connecting the vertices of target competence with one of the peaks of initial competence. It is important to note that achieving all specified initial competency vertices is not mandatory.



The structure of a typical educational module for the course consists of a passport with the program’s content and an educational–methodical complex. Its composition and volume correspond to the types of tasks and their complexity specified in the program’s passport. It includes presentations, assignments for practical sessions, independent exercises, and a list of literature and internet references.



The next stage of the training involved assessing the effectiveness of the implemented organizational and pedagogical conditions for developing a teacher’s methodological competence during professional development.



During the analysis, the following tasks needed to be addressed:




	(1)

	
Correction of the process of developing a teacher’s methodological competence during professional development, taking into account previously obtained results;




	(2)

	
Final assessment of the level of development of the teacher’s methodological competence.









The purpose of the final assessment was to determine the effectiveness of the work carried out in enhancing a teacher’s methodological competence. To address this task, test assignments and surveys were used. These tests and surveys were developed based on the same principles that were used during the initial analysis when conducting similar diagnostic methods.



Table 5 presents the results.



During the assessment, it was found that EG2 demonstrated statistically significant improvement in the level of teachers’ methodological competence components compared to EG1.



Notably, significant enhancements were observed across advanced, high, average and low levels. However, the differences between groups did not reach statistical significance at an acceptable level.



Based on this, continuing the professional development program to further enhance teachers’ competence in EG2 is recommended. Also, conducting additional research to identify specific factors contributing to competence improvement and adapting the program based on the discovered results would maximize effectiveness in future educational and professional contexts.




5. Discussion


The conducted research has shown that didactic competencies are significantly superior to design, monitoring, and personal competencies. The results were based on the procedure of assessing the potential for changing the level of digital competencies and building a trajectory of formation of digital competencies of higher education teachers based on the project-vector methodology. This allowed higher education administrations to determine the administrative vector of teacher’s movement to the desired indicator of the competence level due to the proposed method of calculating the optimal learning trajectory. This allowed us to determine the level change potential for each of the digital competency groups of the faculty member within the range of 1.869 to 1.770, and the potential for a comprehensive assessment of the digital competency level of higher-education faculty members. That is, the potential for changing the level of digital competencies of the teacher has a value greater than 1; thus, the potential for changing the competencies has positive dynamics.



The creation of a universal complex method for calculating the assessment of the level of digital competencies of teachers of HEE and determining the training trajectory allows for flexible changes and corrections of the competency system. This allows us to use the research method to study the dynamics of change in the level of competencies of respondents. In contrast to the studies of other scholars, where different approaches of static assessment of digital competencies level are considered, in this study, in addition to assessment, the trajectory of competency-level change is constructed. This allows us to assess the potential of each teacher in the process of achieving the appropriate level of competence. The obtained result is made possible by integrating project-vector management methodology into the process of assessing the level of digital competencies.



However, a number of factors have been identified that influence the effectiveness of teachers’ professional development, such as different levels of education, the nature of learners, and the short-term nature of training. Successful development of methodological competence requires individualized planning of the educational process, adapted to the needs and capabilities of teachers.



The developed method of assessing the level of digital competence and building an individual learning trajectory of higher education teachers allows scientifically based determination of the level of digital competence, which contributes to improving the effectiveness of higher education institutions.



The limitations of the study are related to the fundamental complexity of determining the competencies of teachers. The survey used in the study contains open-ended questions and therefore requires interpretation of the answers.



The proposed mathematical model of individual educational trajectories for teachers allows taking into account their level of education, interests, and professional demands. The methodology of individual trajectory training is based on the four components of methodological competence and the matrix of target results. This approach makes it possible to systematize and track progress in the development of methodological competence, ensuring effective and personalized training of teachers in a rapidly changing pedagogical environment.



The study also describes the information-analytical system developed by the authors, in which the scientific methods of the authors’ team are implemented and tested.



The main drawback of the study is the small sample size of the validation of the procedure for assessing the potential for changing the level of digital competencies and building a trajectory of formation of digital competencies of higher education teachers on the basis of project-vector methodology. To eliminate it, it is necessary to conduct procedures for assessing the potential for changing the level of digital competencies of teachers in other universities of the Republic of Kazakhstan and beyond.



In this study, the method of building an individual learning trajectory on the basis of project-vector management methodology was verified. The testing of 62 teachers at Astana IT University, Karaganda Buketov University, and Toraygyrov Universitet was taken as a basis. The analysis provided for measuring the achievement of their level of competence was divided into four categories: didactic, design, monitoring, and personal. The tests in these areas were conducted from 20 September to 7 October 2023 and from 1 May to 15 May 2024. The obtained results show that didactic competencies of teachers of WEE of the Republic of Kazakhstan significantly exceeded designing, monitoring, and personal competencies. Based on this study, the vector of administrative influence was aimed at the development of designing, monitoring and personal competencies of teachers was determined. The potential of a comprehensive assessment was based on the level of digital competencies of higher education teachers. This method does not need to form a separate list of weighting factors to take into account one or another category of competence assessments to a greater or lesser extent in the overall assessment. The competency levels are in equilibrium. In addition, if the list of competencies to each category is changed, the form of calculation of a comprehensive competency level assessment will not change.



This study is a pilot study and shows the main advantages of using the method of competency level assessment and building an individualized learning trajectory for teachers. In the future, it is planned to test and apply this approach for use in other institutions of higher education in the Republic of Kazakhstan.




6. Conclusions


The main process in the formation of an individual learning trajectory is the development of a course program that forms an individual educational learning trajectory, the definition of invariant and variable modules for the development of methodological competence, their content, the form of conducting classes, the didactic complex, based on the needs of the university teacher, their capabilities, goals and objectives to be achieved by the teacher, and the indication of the necessary time for mastering the invariant and variable part of the route.



The developed mathematical model was implemented and used in the educational information system as a built-in module, which has the ability to take into account not only the goals and constraints predetermined by the standards, but also to optimally meet the individual needs of teachers.



According to the analysis conducted, it was found that professional development courses for teachers significantly improved their levels of methodological competence. This demonstrates the high effectiveness of these courses and their importance for the professional growth of teachers. Enhancing teachers’ methodological competence is a key factor in improving educational quality. Regular professional development courses, support, motivation for IT discipline teachers, and the implementation of modern educational technologies contribute to their professional growth and, as a result, improve the educational results of students.







Author Contributions


Conceptualization, A.B. and D.A.; methodology, A.M. and A.B.; software, S.T.; validation, S.T. and A.M.; formal analysis, S.B. and S.T.; investigation, S.T., D.A., A.M. and S.B.; data curation, A.B.; writing—original draft preparation, S.T. and A.M.; writing—review and editing, D.A. and A.M.; visualization, S.T.; supervision, D.A. and A.B.; project administration, S.B. All authors have read and agreed to the published version of the manuscript.




Funding


This paper was written in the framework of the state order to implement the science program for budget program 217 “Development of Science”, IRN No. AP14870918 with the topic: “Creating a system for developing the methodological competence of teachers of IT disciplines based on continuous education”.




Institutional Review Board Statement


No ethical approval was required. No biomedical experiment was conducted.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. All teachers who were asked to fill out the questionnaire had been thoroughly informed, and a consent form was also given.




Data Availability Statement


Data are unavailable. The datasets presented in this article are not readily available because the science program is still on going. Requests to access the datasets should be directed to the corresponding author after the fulfilment of the thesis.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Postanovlenie Pravitel’stva Respubliki Kazahstan. «Koncepcija Cifrovoj Transformacii, Razvitija Otrasli Informacionno-Kommunikacionnyh Tehnologij i Kiberbezopasnosti na 2023–2029 Gody. Postanovlenie Pravitel’stva Respubliki Kazahstan ot 28 marta 2023 goda № 269». Available online: https://adilet.zan.kz/rus/docs/P2300000269 (accessed on 10 March 2024).

	



Ryabukhina, E. Methodological Analysis and Methodological Interpretation as Methods of Implementation of Competency-based Approach to Training Future Teachers of the Russian Language. ARPHA Proc. 2019, 1, 713–724. [Google Scholar] [CrossRef]

	



Mâţă, L. Experimental Research Regarding the Development of Methodological Competences in Beginning Teachers. Procedia-Soc. Behav. Sci. 2011, 29, 1895–1904. [Google Scholar] [CrossRef]

	



Liu, Y.; Zhao, L.; Su, Y.-S. The Impact of Teacher Competence in Online Teaching on Perceived Online Learning Outcomes during the COVID-19 Outbreak: A Moderated-Mediation Model of Teacher Resilience and Age. Int. J. Environ. Res. Public Health 2022, 19, 6282. [Google Scholar] [CrossRef] [PubMed]

	



Biloshchytskyi, A.; Omirbayev, S.; Mukhatayev, A.; Biloshchytska, S.; Toxanov, S.; Faizullin, A. IT Project Administration Tools on Creation of Information and Training Platforms. In Proceedings of the SIST 2023-2023 IEEE International Conference on Smart Information Systems and Technologies, Proceedings, Astana, Kazakhstan, 4–6 May 2023; pp. 484–489. [Google Scholar] [CrossRef]

	



Loginkova, S.L. Diagnostics of the level of formation of methodological competence of higher education teachers. Mod. High-Tech Technol. 2017, 134–139. Available online: https://top-technologies.ru/ru/article/view?id=36858 (accessed on 8 June 2024).

	



Jyrhämä, R.A.; Hellström, M.; Uusikylä, K.T.; Kansanen, P.J. Opettajan Didaktiikka; PS-Kustannus: Jyväskylä, Finland, 2016. [Google Scholar]

	



Schweizer, K.; Steinwascher, M.; Moosbrugger, H.; Reiss, S. The structure of research methodology competency in higher education and the role of teaching teams and course temporal distance. Learn. Instr. 2011, 21, 68–76. [Google Scholar] [CrossRef]

	



Görlitz, A.; Ebert, T.; Bauer, D.; Grasl, M.; Hofer, M.; Lammerding-Köppel, M.; Fabry, G. GMA Ausschuss Personal- und Organisationsentwicklung in der Lehre. Kernkompetenzen für Lehrende in der Medizin (KLM)—Positionspapier des GMA Ausschusses für Personal- und Organisationsentwicklung in der Lehre. GMS Z. Med. Ausbild. 2015, 32, 8–14. [Google Scholar] [CrossRef]

	



Biloshchytskyi, A.; Omirbayev, S.; Mukhatayev, A.; Toxanov, S.; Kassenov, K.; Faizullin, A. Research on the formation level of methodological competence of it disciplines teachers. In Proceedings of the ATIT 2020-Proceedings: 2020 2nd IEEE International Conference on Advanced Trends in Information Theory, Kyiv, Ukraine, 25–27 November 2020; pp. 242–245. [Google Scholar] [CrossRef]

	



Hoffman, J.V.; Svrcek, N.; Lammert, C.; Daly-Lesch, A.; Steinitz, E.; Greeter, E.; DeJulio, S. A research review of literacy tutoring and mentoring in initial teacher preparation: Toward practices that can transform teaching. J. Lit. Res. 2019, 51, 233–251. [Google Scholar] [CrossRef]

	



Hikida, M.; Chamberlain, K.; Tily, S.; Daly-Lesch, A.; Warner, J.R.; Schallert, D.L. Reviewing how preservice teachers are prepared to teach reading processes: What the literature suggests and overlooks. J. Lit. Res. 2019, 51, 177–195. [Google Scholar] [CrossRef]

	



Hopkins, S.L.; Round, P.N.; Barley, K.D. Preparing beginning teachers for inclusion: Designing and assessing supplementary fieldwork experiences. Teach. Teach. 2018, 24, 915–930. [Google Scholar]

	



Rohr-Mentele, S.; Forster-Heinzer, S. Practical validation framework for competence measurement in VET: A validation study of an instrument for measuring basic commercial knowledge and skills in Switzerland. Empir. Res. Vocat. Educ. Train. 2021, 13, 18. [Google Scholar] [CrossRef]

	



Bendler, D.; Felderer, M. Competency Models for Information Security and Cybersecurity Professionals: Analysis of Existing Work and a New Model. ACM Trans. Comput. Educ. 2023, 23, 1–33. [Google Scholar] [CrossRef]

	



Romero-García, C.; Buzón-García, O.; de Paz-Lugo, P. Improving Future Teachers’ Digital Competence Using Active Methodologies. Sustainability 2020, 12, 7798. [Google Scholar] [CrossRef]

	



Antera, S. Professional Competence of Vocational Teachers: A Conceptual Review. Vocat. Learn. 2021, 14, 459–479. [Google Scholar] [CrossRef]

	



Yermolenko, A.; Kulishov, V.; Shevchuk, S. Innovative principles of development of methodical competence of modern teacher of vocational education. Fundam. Appl. Res. Pract. Lead. Sci. Sch. 2020, 38, 113–118. [Google Scholar] [CrossRef]

	



Aleksieienko-Lemovska, L. Methodological competence development of preschool teachers in the system of continuous education. Sci. J. Pol. Univ. 2022, 53, 9–20. [Google Scholar] [CrossRef] [PubMed]

	



Di Donato-Barnes, N.; Fives, H.; Krause, E.S. Using a Table of Specifications to improve teacher-constructed traditional tests: An experimental design. Assessment in Education: Principles. Policy Pract. 2013, 21, 90–108. [Google Scholar] [CrossRef]

	



Niemi, H.; Niu, S.J.; Li, B.; Vivitsou, M. Supporting Student Learning toward Twenty-First-Century Skills through Digital Storytelling. In Shaping Future Schools with Digital Technology: An International Handbook; Yu, S., Niemi, H., Eds.; Perspectives on Rethinking and Reforming Education; Springer Nature Singapore Pte Ltd.: Singapore, 2019; pp. 95–112. [Google Scholar] [CrossRef]

	



Cook, D.A.; Hatala, R. Validation of educational assessments: A primer for simulation and beyond. Adv. Simul. 2016, 1, 31. [Google Scholar] [CrossRef] [PubMed]

	



Biloshchytskyi, A.A.; Omirbayev, S.M.; Mukhataev, A.A.; Kuchanskyi, O.; Biloshchytska, S.; Andrashko, Y.; Toxanov, S.N.; Faizullin, A.R. A structural model for building a system for the development of methodological competence and methods for evaluating its effectiveness. East.-Eur. J. Enterp. Technol. 2023, 5, 6–22. [Google Scholar]

	



Sharifbaeva, K.; Niyazova, G.; Abdurazzakova, D.; Abdurashidov, I.; Alimardonov, R. Formation of methodical competence of special subjects teachers in technical universities. AIP Conf. Proc. 2022, 2432, 050043. [Google Scholar] [CrossRef]

	



Konovalov, A. Methodical Competence Deficits of Vocational Training Teachers. Educ. Self Dev. 2023, 18, 81–99. [Google Scholar] [CrossRef]

	



Abdullayeva, G.S. Development of Methodological Competence of University Teachers in the Context of Inclusive Education. Int. J. Soc. Sci. Res. Rev. 2022, 5, 34–39. [Google Scholar] [CrossRef]

	



Ouadoud, M.; Rida, N.; Chafiq, T. Overview of E-learning platforms for teaching and learning. Int. J. Recent Contrib. Eng. Sci. IT (Ijes) 2021, 9, 5070. [Google Scholar] [CrossRef]

	



Tungpantong, C.; Nilsook, P.; Wannapiroon, P. A conceptual framework of factors for information systems success to digital transformation in higher education institutions. In Proceedings of the 2021 9th International Conference on Information and Education Technology (ICIET), Okayama, Japan, 27–29 March 2021; IEEE: Piscataway, NJ, USA, 2021; pp. 57–62. [Google Scholar] [CrossRef]

	



Zhang, G.; Gao, X.; Chen, Z. Design and Implementation of a Student Knowledge Identification System. Int. J. Emerg. Technol. Learn. 2018, 13, 189–200. [Google Scholar]

	



Agapov, A.M.; Mysina, T.Y. The Relationship of Subject-Methodological Skills, Analytical and Communicative Compe-tencies of Pedagogical Students. Eur. Proc. Educ. Sci. 2022, 3, 58–68. [Google Scholar] [CrossRef]

	



Ngang, T.K. The importance of soft skills acquisition by teachers in higher education institutions. Kasetsart J. Soc. Sci. 2020, 41, 22–27. [Google Scholar] [CrossRef]

	



Windl, E.; Dammerer, J. Teacher Training in Austria with special consideration of Mentoring in the induction phase. Educ. Self Dev. 2019, 14, 40–47. [Google Scholar] [CrossRef]

	



Freddano, M.; Pandolfini, V. Teacher Training on Data Literacy for School Evaluation and Improvement: A Teacher Professional Development Experience in Italy. Educ. Self Dev. 2022, 17, 89–98. [Google Scholar] [CrossRef]

	



Aguado Casas, I.N.; Rangel Mayor, L.A. Metodología para el Perfeccionamiento de la Competencia Didáctica del Docente de Cultura Física. Rev Podium [Online]. 2018, Volume 13, n.2, pp. 170–181. Available online: http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S199624522018000200170&lng=es&nrm=iso (accessed on 6 June 2024).

	



Velandia Mesa, C.; Serrano Pastor, F.J.; Martínez Segura, M.J. The challenge of competencies in training for educational research: A conceptual approach. Rev. Actual. Investig. Educ. 2019, 19, 310–339. [Google Scholar] [CrossRef]

	



The Law of the Republic of Kazakhstan «On Education» from July 27, 2007, № 319-III. Available online: https://adilet.zan.kz/rus/docs/Z070000319 (accessed on 8 June 2024).

	



«On Approval of the Qualification Requirements for the Educational Activities of Organizations Providing Higher and (or) Postgraduate Education, and a List of Documents Confirming Compliance with Them» Order of the Minister of Science and Higher Education of the Republic of Kazakhstan Dated January 5, 2024, № 4. Available online: https://adilet.zan.kz/rus/docs/V2400033892#z88 (accessed on 8 June 2024).

	



Biloshchytskyi, A.; Tsiutsiura, S.; Kuchansky, A.; Serbin, O.; Tsiutsiura, M.; Biloshchytska, S.; Faizullin, A. Development of mathematical models of the project-vector space of educational environments. East.-Eur. J. Enterp. Technol. 2022, 5, 50–61. [Google Scholar] [CrossRef]

	



Biloshchytskyi, A.; Kuchansky, A.; Paliy, S.; Biloshchytska, S.; Bronin, S.; Andrashko, Y.; Shabala, Y.; Vatskel, V. Development of technical component of the methodology for projectvector management of educational environments. East.-Eur. J. Enterp. Technol. 2018, 2, 4–13. [Google Scholar] [CrossRef]

	



Biloshchytskyi, A.; Biloshchytska, S.; Kuchansky, A.; Bielova, O.; Andrashko, Y. Infocommunication system of scientific activity management on the basis of project-vector methodology. In Proceedings of the 14th International Conference on Advanced Trends in Radioelectronics, Telecommunications and Computer Engineering, TCSET 2018-Proceedings, Lviv-Slavske, Ukraine, 12 April 2018; pp. 200–203. [Google Scholar] [CrossRef]

	



Darnton, G. Likert scales and questions: Uses and abuses. In Proceedings of the European Conference on Research Methodology for Business and Management Studies, Lisboa, Portugal, 6 September 2023; Volume 22, pp. 44–49. [Google Scholar] [CrossRef]

	



Maruf, M. Alternative Approach to Analysing Data Obtained with Likert Scale. Route Educ. Soc. Sci. J. 2023, 10, 96. [Google Scholar] [CrossRef]

	



Xu, H.; Kuchansky, A.; Gladka, M. Devising an individually oriented method for selection of scientific activity subjects for implementing scientific projects based on scientometric analysis. East.-Eur. J. Enterp. Technol. 2021, 6, 93–100. [Google Scholar] [CrossRef]

	



Hammer, T.; Lewis, A.L. Which competencies should be fostered in education for sustainable development at higher education institutions? Findings from the evaluation of the study programs at the University of Bern, Switzerland. Discov. Sustain. 2023, 4, 19. [Google Scholar] [CrossRef] [PubMed]








[image: Education 14 00748 g001] 





Figure 1. Structure of components of methodological competence of a teacher of IT disciplines. 
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Figure 2. Modeling the movement of students along the individual trajectory of movement in the EE. 
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Figure 3. Main page of the information system. 
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Figure 4. Teacher competency map. 
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Figure 5. Teacher’s personal account. 
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Figure 6. Courses page. 
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Figure 7. Module “Post-Course Support”. 
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Figure 8. Order of vertices modeling states of competence by topic (section). 
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Figure 9. Variants of incident relationships in a domain model. 
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Table 1. Description of components of the structural model of methodological competence of teachers of IT disciplines.
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Components

	
Functions




	
After

	

	
Before






	
Knowledge
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Instructional delivery

	
The “Instructional delivery” component combines aspects of didactic competence and focuses on the effective transfer of learning material and the development of students’ academic skills, namely:

	-

	
The design of teaching materials—the ability to develop teaching aids, lectures and practical tasks to ensure structured and logical learning for students;




	-

	
The application of modern educational technologies—the ability to apply advanced teaching methods, including interactive technologies, online resources and virtual environments to maximize student engagement;




	-

	
The assessment of comprehension—the ability to develop mechanisms for assessing the effectiveness of learning and adapting methods depending on the reaction of students.










	
Design
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Curriculum design

	
The “Curriculum design” component integrates the elements of the educational program design component related to the development of courses, lectures and teaching methodologies and includes:

	-

	
The analysis of the needs of the industry—continuous study of the current and future requirements of the IT industry in order to adapt the content of training programs;




	-

	
The integration of new technologies—the skill of introducing relevant technologies into educational courses, ensuring their compliance with the dynamics of industry development;




	-

	
The development of educational modules—the ability to create a modular structure of curricula for flexibility and the possibility of updating according to requirements.










	
Monitoring
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Assessment Skill

	
The “Assessment skill” component covers aspects of monitoring methodological competence, including systematic control, assessment of the educational process and students’ success:

	-

	
The creation of evaluation criteria—the ability to develop objective and clear criteria for assessing student achievements within the framework of educational tasks;




	-

	
The use of a variety of assessment methods—apply various forms of assessment, including testing, practical tasks, projects and collective work;




	-

	
Feedback—the ability to provide effective feedback to help students understand their strengths and areas for improvement.










	
Personal–motivational
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Soft skills

	
The “Soft skills” component is a combination of communicative, reflexive, and personal–motivational aspects. This component of methodological competence includes the professional and pedagogical orientation of the individual (values, needs, motives, goals), awareness of the value of continuous development of methodological competence; communicative skills of the teacher; independence, intuition, which allows you to effectively solve pedagogical problems on the basis of insufficient information; manifestation of individuality in methodological activities; empathy, as well as:

	-

	
Communication—developing effective communication skills to establish an open dialogue with students and colleagues;




	-

	
Leadership—the ability to inspire and motivate students, stimulate their professional development;




	-

	
Teamwork—the ability to effectively collaborate with other teachers and IT specialists.










	
Reflexive




	
Communication











 





Table 2. Levels of methodological competence formation.
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	Level
	Characteristics





	Level zero (extremely low)
	Low values of indicators reflecting various aspects and components of methodical activity. The teacher uses ready-made methodological support to organize the learning process without thinking about the expediency and effectiveness of its application, about the need and possibility of even its slight modification. The teacher is characterized by complete formalism in maintaining methodological support (they care only about the formal purity of educational and methodological documentation). There is a complete lack of connection between methodological activity and research; the latest or relatively new achievements of science are not reflected in the content of training. Didactic modeling of the training course does not correspond to the logic of teaching an isomorphic academic discipline; innovative didactic methods and technologies (corresponding to the competence approach) are practically not applied. Advanced methodological and pedagogical experience is not analyzed at all; there is no aspiration to improve methodological skills.



	Situational level (low)
	There is an improvement of information and methodological support of the educational process, replenishment of its content, but neither the latest achievements of science (in the content of training) nor innovative teaching methods and technologies are taken into account; there is practically no development of pedagogical tasks corresponding to the competence paradigm of training; the development of tasks of the traditional type dominates.



	Developing level (average)
	Active improvement of methodological support of the educational process (constant modernization of its content), primarily by increasing the number and quality of pedagogical tasks. There is an application of traditional and innovative didactic methods and technologies. The constantly replenished fund of assessment means contains a sufficient number of tasks of traditional type and control-competence assessment tasks. The tasks vary in difficulty level, fully corresponding to the academic discipline and assessed competencies of students. The design of the learning process is characterized by rationality; the teacher is aware of the logic of teaching the academic discipline, and fully takes it into account when designing the course. Information technologies are used mainly in the formation of the educational process support. The quality of electronic educational resources is at an average level. The teacher indicates (in the methodological support) references to the information resources available to students (the arsenal of references is wide), the use of which will help students to better master the course.



	Advanced level (high, systematic)
	The teacher’s research activity becomes the leading factor of permanent (rather than episodic) modification of teaching content. The quality of electronic educational resources is at a high or very high level. The teacher actively uses the potential of the scientific and educational environment to improve their methodological activity through all possible ways of analyzing and adapting the advanced experience of pedagogical and methodological activity accumulated by the society, but does not contribute to the replenishment of this experience accumulated by the society (i.e., does not broadcast their experience).



	Expert level (highest, optimal)
	It is characterized by the teacher’s activity in broadcasting their own positive experience of methodical and pedagogical activity, its transfer to other scientific–pedagogical workers. The teacher actively assists other scientific–pedagogical workers in improving methodological and psychological–pedagogical competence, participates in the monitoring of methodological activities of scientific–pedagogical teams, in the work of juries and expert commissions, scientific and methodological associations, etc. Actively conducts research in the field of pedagogical sciences (with the publication of results), enriching the theory and methodology of teaching, promotes the results in order to implement them in practice in the scientific and pedagogical community, etc. Methodological activity of a teacher acquires a supra-disciplinary character.










 





Table 3. General scheme of the matrix of target results of the components of methodological competence N.
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Component N

Total Weight: 100

Levels of

Formation

	
Levels of Manifestation




	
Low

	
Acceptable

	
Average

	
High

	
Optimal






	
Zero

	
Element 1 1

	
Element 1 2

	
Element 1 3

	
Element 1 4

	
Element 1 5




	
Weight = 0.5

	
Weight = 1

	
Weight = 1.5

	
Weight = 2

	
Weight = 2.5




	
Situational

	
Element 2 1

	
Element 2 2

	
Element 2 3

	
Element 2 4

	
Element 2 5




	
Weight = 1

	
Weight = 3

	
Weight = 3.5

	
Weight = 4

	
Weight = 4.5




	
Developing

	
Element 3 1

	
Element 3 2

	
Element 3 3

	
Element 3 4

	
Element 3 5




	
Weight = 1.5

	
Weight = 3.5

	
Weight = 5

	
Weight = 5.5

	
Weight = 6




	
Advanced

	
Element 4 1

	
Element 4 2

	
Element 4 3

	
Element 4 4

	
Element 4 5




	
Weight = 2

	
Weight = 4

	
Weight = 5.5

	
Weight = 7

	
Weight = 7.5




	
Expert

	
Element 5 1

	
Element 5 2

	
Element 5 3

	
Element 5 4

	
Element 5 5




	
Weight = 2.5

	
Weight = 4.5

	
Weight = 6

	
Weight = 7.5

	
Weight = 8.5











 





Table 4. Initial levels of methodological competence formation among teachers of EG1 (in %).
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The Levels of Formation of the Teacher’s Methodological Competence

	
Instructional Delivery

	
Curriculum Design

	
Assessment Skill

	
Soft Skills




	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%






	
Zero

	
26

	
42.6

	
36

	
59

	
41

	
67.2

	
29

	
47.5




	
Situational

	
18

	
29.5

	
7

	
11.4

	
12

	
19.6

	
19

	
31.1




	
Developing

	
11

	
18

	
10

	
16.3

	
5

	
8.1

	
7

	
11.4




	
Advanced

	
4

	
6.5

	
2

	
3.2

	
2

	
3.2

	
4

	
6.5




	
Expert

	
2

	
3.2

	
6

	
9.8

	
1

	
1.6

	
2

	
3.2











 





Table 5. The results of the experiment on the formation of components of methodological competence among teachers of EG1 and EG2 (in %).
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The Levels of Formation

of the Teacher’s Methodological Competence

	
Instructional Delivery

	
Curriculum Design

	
Assessment Skill

	
Soft Skills




	
EG1

	
EG2

	
EG1

	
EG2

	
EG1

	
EG2

	
EG1

	
EG2




	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%

	
Ind.

	
%






	
Zero

	
26

	
42.6

	
1

	
1.6

	
36

	
59

	
6

	
9.8

	
41

	
67.2

	
25

	
40.9

	
29

	
47.5

	
18

	
29.5




	
Situational

	
18

	
29.5

	
9

	
14.7

	
7

	
11.4

	
6

	
9.8

	
12

	
19.6

	
6

	
9.8

	
19

	
31.1

	
18

	
29.5




	
Developing

	
11

	
18

	
22

	
36

	
10

	
16.3

	
23

	
37.7

	
5

	
8.1

	
10

	
16.3

	
7

	
11.4

	
13

	
21.3




	
Advanced

	
4

	
6.5

	
21

	
34.4

	
2

	
3.2

	
11

	
18

	
2

	
3.2

	
16

	
26.2

	
4

	
6.5

	
5

	
8.1




	
Expert

	
2

	
3.2

	
8

	
13.1

	
6

	
9.8

	
15

	
24.5

	
1

	
1.6

	
4

	
6.5

	
2

	
3.2

	
7

	
11.4




	
The average value %

	
19.96

	
28.75

	
39.87

	
25.41

	
49.81

	
27.69

	
34.11

	
23.91
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Sections: 8

m

Introduction to Advanced Project Management
Advanced Risk Management Techniques
Effective Stakeholder Engagement

Agile Project Management

Strategic Planning and Execution
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System of course and post-course support for teachers of IT
disciplines

ABOUT US
© 201: +
Development Concept of Professional System of course and
forecasting and methodological development courses post-course support
support system competence for teachers

development

< E @

IT-education Practical training Innovative Approach Software and
development educational-

methodical support

This site was developed as part of the implementation of the project IRN AR14870918 “Creating a system for developing the methodological

competence of teachers of IT disciplines based on continuous education.”

GOAL OF THE PROJECT: Develop and implement a system for enhancing the methodological competence of IT discipline instructors, allowing for
improved didactic preparation through effective management of their professional development

PROJECT TASKS:
Q. study the factors influencing the quality of teaching IT disciplines.

:"‘C Develop a concept for the development of methodological competence for IT discipline instructors based on an analysis of advanced domestic and
international experience in preparing future professionals and enhancing the qualifications of educators.

@ Develop and implement a system for forecasting and continuous support of the development of methodological competence for instructors, taking into
account the specific characteristics of the taught IT disciplines.

.“l

<) Develop a system of course and post-course support for IT discipline instructors, including software and educational materials.

—_ Develop and implement competency standards based on the professional standard "Educator" and an educational program for advanced courses in the
* development of methodological competence for IT discipline instructors.





media/file15.jpg





nav.xhtml


  education-14-00748


  
    		
      education-14-00748
    


  




  





media/file16.png





media/file2.png
\ S