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Abstract. The problem of organizing the educational process in a higher education
institution and its existing solutions are analyzed. A comprehensive solution for organizing the
adaptive e-learning process is proposed, which can be used as a supplement to the organization
of the classical educational process. Key tasks are identified, in the solution of which artificial
intelligence technologies can be used. A description of the developed software solutions for solving
the tasks is provided.
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Introduction. Currently, the most promising and rapidly developing format of organizing
training is e-learning. This format of organizing training in modern realities is very flexible and
universal: it can be used both in traditional forms of obtaining education and in distance learning.
Its relevance and development are due to both external factors in relation to the education system
(for example, the Covid-19 pandemic) and internal ones (digitalization of the educational process,
the need to increase the export of educational services, etc.). As separate factors in the development
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of the e-learning format, we can highlight its advantages in comparison with traditional formats:
the possibility of introducing and using virtual and augmented realities in the educational process
[1, 2], an increase in the degree of inclusiveness of the educational process [3], higher economic
efficiency [4], the use of innovative information and communication technologies in education [5,
6], the implementation of a game approach in learning [7], increasing competition in the
educational services market [8], etc.

In turn, the development of e-learning has created a need for the development of modern
intelligent learning systems (platforms) and their learning content. Intelligent learning platforms
implement the concept of managing the learner's knowledge and his learning trajectory.

The most promising, within the framework of this concept, are adaptive learning systems,
which allow achieving maximum learning efficiency with minimal expenditure of resources of
participants in the educational process. Thus, it is possible to individualize the post-industrial
learning model [9] and replace it with a more effective adaptive learning model [10].

Proposed solution. An analysis of the subject area and capabilities of existing adaptive
electronic learning tools showed that these solutions implement an adaptive learning model by
constructing individual learning trajectories based on individual learner models. This approach
allows the learning process to be adapted to the current level of learners' knowledge only during
the learning process (and not from the very beginning of learning), and the educational content
remains static and has no mechanisms for identifying the need for its adaptation to learners.

Considering the identified shortcomings, to solve the identified problems, the authors
proposed a comprehensive solution that includes an interconnected mechanism for constructing
models of learners, models of adaptation and information-subject area (ISA) and their software
and algorithmic implementation using artificial intelligence. The general functional diagram of the
intelligent digital platform (IDP) is presented in Figure 1.
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Fig. 1. General functional diagram of the IDP
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To solve the problem of building an effective educational trajectory even before the start of
training, the digital platform provides a mechanism for obtaining initial data (entry testing and
questionnaires), which determine the initial threshold of knowledge and various individual
characteristics of students. Much of this data cannot be established during the normal learning
process. The information obtained constitutes an individual model of the student, which is
subsequently supplemented as a result of the learning process.

The IDP has its own ISA designer (the disciplines studied, their content, and trial and control
testing of students' knowledge). The designer provides for a three-level organization of educational
content, corresponding to the modern education system: 1 — discipline; 2 — module (section or
topic of the discipline); 3 — block (practical/laboratory/calculation work, etc.). Trial (for self-
testing of knowledge by students) and control testing are provided at any of the levels. The graph
model of the IDP with control testing at the module level is shown in Figure 2.

The ISA model is a weighted multigraph, where the set of students is designated S is the
number of all students; the set of all studied disciplines D is the number of all disciplines; n—m3
are modules of discipline di.

Edges incident to nodes s; and mi have weights 7TIME and SCORE. Weight TIME is the time
it takes to pass the control test module m. Weight SCORE is the assessment of the control test
module m; obtained by a specific student. The edges incident to nodes s; and d; have the weights
equals the average grade of specific students in specific disciplines (in Figure 2, it's designated as
“average score”). The weight of the edge’s incident to the nodes m; and d is the average grade of
passing the control test for the module of all students studying this module.
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Fig. 2. Example of a graph model of ISA

A distinctive feature of the constructor is the connection of separate parts of educational
content with specific questions of control testing. It's necessary to the intelligent analysis of
educational content for the possibility of its adaptation. This connection is carried out by means of
identifiers (labels) of content's parts (paragraph, file, video recording timing, etc.).

Model of connections is present on Figure 3.
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Fig. 3. Graph model of the connection between separate parts of the educational content and the
control test questions

One of the adaptation models is designed to build an effective educational trajectory for each
student based on their student model. For this purpose, a mechanism for preparing and organizing
IDP data has been developed that implements machine learning (ML). The initial construction of
the educational trajectory occurs through the implementation of an adaptive search for objects and
criteria contained in the learner's model. From this point of view, the data organization model must
"learn" and also accumulate data that is absent from the IDP, but is necessary to obtain a relevant
result.

To implement this mechanism, it is of primary importance to prepare the data contained in
all IDP models. Since the input data for constructing an individual educational trajectory are search
objects and a list of criteria for their search for the learner's model, they must be as specific as
possible so that it is easier for the ML-algorithm (formation of generalizations of search criteria)
to identify the necessary generalizations and classes to which these criteria relate.

The output data of training should be the search criteria themselves and a list of
generalizations to which these criteria relate. At the first stage of ML, each input criterion is
supplemented with some definition or characteristic in natural language. At the second stage, the
natural language description obtained from a third-party data source (for example, an electronic
encyclopedia) is broken down into separate parts and key lexemes are selected (tokenized).

The process of forming generalizations and training the database is automated and is not tied
to a specific type or scheme of the data source for forming generalizations, and, using ML
technologies, independently selects significant properties from the natural language description,
forms connections from them and saves them in a graph database.

To obtain tokens (key lexemes) from a description of search criteria in natural language and
associated with each search criterion, the following sequence of actions must be performed:

— step 1. The incoming description is divided into noun groups (phrases). Phrases are
selected in which the noun is the top, i.e. the main word defining the characteristic of the entire
component;

— step 2. Perform a cycle through all the resulting noun groups and divide each of them into
words;

—step 3. Exclude all “stop words” and all punctuation marks from the resulting words;
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— step 4. At the final step, a purified noun group is formed, which will be included in the
database as one of the generalizations.

The resulting database is multilayered due to the formation of layers of generalizations of
the criteria for searching for an effective learning trajectory, specified in natural language both
during the entrance testing and questionnaire, and in the process of learning in the ICP (data of
individual models of learners). An example of this database in the one search object's context is
present in Figure 4.
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Fig. 4. Example of a database in the search object context

The second adaptation model is designed to identify and improve educational content
materials that objectively cause difficulties for students when studying disciplines, and is an
intelligent data analysis. As a rule, students cope with the study of academic subjects differently.
This may be due to different basic training and individual characteristics. However, if most
students have difficulty answering one or the same questions of the control test, this may indicate
shortcomings in the teaching methodology, presentation of the material and the quality of the
educational content. Therefore, there is a need to improve a certain part of the educational content.
The initial data for identifying such cause-and-eftect relationships can be statistics on the students'
performance in the studied disciplines (modules or blocks). The intelligent analysis algorithm
processes such data as the time spent on passing the control test, the students' progress in other
modules of the discipline, the progress in other disciplines and the successes of a specific student
in a time frame.

At the first stage, the algorithm compares the absolute performance of all students in a
module block with the current value of the mathematical expectation of performance in this block.
If the absolute performance is less than the rational, this indicates that students are doing worse
than expected in this module block and the algorithm moves on to the second stage. If, on the
contrary, the absolute performance is higher than the rational, this means that the value of the
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rational performance may be underestimated and needs to be adjusted. To do this, the current value
of the absolute performance is compared with the maximum value of the rational performance
during the module's operation. If the former is higher, then it will be suggested to increase the
value of the current rational performance. Otherwise, no changes will be required. Next, data such
as the time spent on passing the control test, the students' performance in other modules of the
discipline, and the performance in the time frame are analyzed. Thus, data from students whose
performance characteristics are low for internal reasons and are not related to the quality of the
educational content are excluded from the overall sample. At the third stage, the results of the
algorithm execution are output. If a dependence of low student performance on the quality of the
educational content has been established, the corresponding message is sent to the expert (teacher)
to make a decision on the need to improve part of the educational content. The generalized
functional diagram of the intelligent analysis is presented in Figure 5.
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Fig. 5. Generalized functional diagram of intellectual analysis

Conclusion. The proposed models and their algorithms are implemented in the form of the
adaptive learning management system "SCORINA", which is the core of the intelligent digital
platform. Thus, comprehensive support for the organization of the adaptive e-learning process has
been developed, which eliminates a few shortcomings of existing solutions identified during the
analysis of organizing the educational process problems.
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