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Abstract. The article examines the scientific, theoretical and methodological
foundations of artificial intelligence-based adaptive teaching of programming in the digital
education environment. The relevance of the study is determined by the heterogeneity of
students’ initial training, differences in algorithmic thinking, the need for rapid diagnostic

feedback and the methodological limitations of traditional learning management systems.
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AJJAIITUBHOE OBYUEHUE ITPOTPAMMUPOBAHNIO HA OCHOBE
HNCKYCCTBEHHOI'O UHTEJJIEKTA B IU®POBOM OBPA3OBATEJIBHOM
CPEJE

Cymnaiimonosa JlniHo3a baxoaup ku3u
AccuctenTt, KapimHckuid rocy1apcTBEHHBIN TEXHUYECKUN YHUBEPCUTET
V30ekucran, r. Kapmm

AHHOTauMs. B crarbe paccMaTpuBalOTCS  HAy4yHbIE, TEOPETUYECKUE U
METO/IOJIOTHYECKAE OCHOBBI QJANTHBHOTO OOYYEHHWS MPOTPAMMHUPOBAHHIO HA OCHOBE
HUCKYCCTBCHHOT'O HMHTEJUICKTa B IHH(POBOH 00pa3oBaTelbHONH cpene. AKTYallbHOCTh
WCCJICIOBAHUS OTPEEISIETCS] HEOMHOPOTHOCTHIO HAYadbHOM TOJATOTOBKH CTYJIEHTOB,
pa3IUYMsAMH B QITOPUTMHYECKOM  MBINUICHHH,  HEOOXOAMMOCTBIO  OBICTpOH
JMArHOCTUYECKOM  OoOpaTHOM  CBSI3M W METOJOJOTHYECKUMU  OTPaHUYCHUSIMU
TPAJAUIIMOHHBIX CHCTEM YITPABJICHUS O0yICHHEM.

KiroueBble c10Ba: MCKYCCTBEHHBIM WHTEIUIEKT, aJalTUBHOE OOydeHHE, OOydeHHe
IporpaMMHUpOBaHmio, MHU(PpoBoe oOpa3oBanue, learning analytics, WHAMBUAYyaTbHAS
oOpa3oBarebHas TPACKTOPHsI, ABTOMATU3UPOBAHHAS OOpaTHAS CBA3b.

Introduction. The rapid development of digital education requires higher education
institutions to reconsider the content, forms and methodological support of teaching. This

requirement is especially evident in programming courses, where students enter the
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learning process with different levels of prior knowledge, different rates of mastering
concepts, and different abilities to interpret algorithms, trace code and detect errors.
Therefore, the digitalization of programming education cannot be reduced to posting
lectures, tests and assignments on a platform. It should be organized as a flexible
pedagogical system in which the learner's current state is continuously diagnosed and the
learning process is adapted on the basis of reliable educational data.

Traditional LMS platforms provide organizational support for learning, but their
personalization capabilities remain limited. They often record outcomes without revealing
the causes of programming difficulties, which highlights the importance of adaptive
teaching.

Artificial intelligence technologies open new possibilities for such adaptation.
Machine learning models can predict difficulties, learning analytics can reveal activity
patterns, knowledge tracing can track the acquisition of specific programming concepts,
recommender systems can select relevant resources and generative Al can provide
explanatory feedback. At the same time, the use of Al in education requires pedagogical
supervision, transparency, data protection and a balance between automation and the
development of independent thinking.

Materials and Methods. The study is based on theoretical analysis, comparative
generalization, pedagogical modeling and systematic interpretation of contemporary
research on adaptive learning, intelligent tutoring systems, learning analytics, educational
data mining and generative Al in programming education. The methodological focus is
placed on the relationship between digital indicators of learning activity and didactic
decisions made by the teacher or by an Al-supported adaptive system.

The source material was transformed from a dissertation chapter devoted to the
scientific and methodological foundations of Al-based adaptive teaching in digital
education. The chapter content was adapted to the structure of a journal article by
narrowing the scope, removing dissertation-style subdivisions, formulating the aim and
methods explicitly, and presenting the main results through a compact table and an
integrated adaptive mechanism.

Programming education i1s viewed as the integrated development of conceptual

knowledge, practical skills and problem-solving abilities.
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Results and Discussion. The analysis shows that the main didactic problem of
programming education in a digital environment is the mismatch between a uniform
learning path and the diversity of students' learning states. The same topic, the same task
and the same assessment criteria do not have the same educational value for all students. A
learner who has mastered conditional statements but struggles with loops needs visual
algorithmic explanations and gradual practice. A stronger learner may need complex
problem-based tasks, refactoring, optimization or project components.

In this context, adaptive teaching can be defined as a dynamic didactic system that
adjusts learning content, task complexity, feedback format and repetition frequency
according to the learner's current state. The central element of this system is the learner
model. In programming education, the model should include not only test scores, but also
the level of algorithmic thinking, the pace of task completion, the number of attempts, the
types of code errors, the quality of explanation and the response to feedback.

A simplified representation of the learner model can be expressed as follows: L = {K,
E, P, A, F}, where K denotes the knowledge state, E denotes the error profile, P denotes
the learning pace, A denotes activity indicators, and F denotes the learner's response to
feedback. The adaptive decision can then be represented as R = f(L, C, G), where C is the
content model and G is the learning goal. This formulation emphasizes that adaptation is
not a random recommendation, but a pedagogically justified decision based on the

relationship between the learner's state, the structure of the content and the intended

competence.
Table 1.
Pedagogical problems and adaptive Al-based solutions in programming education
Pedagogical problem Digital indicator Adaptive methodological Al capability
solution
Different initial Entry test, diagnostic coding Grouping by level and Classification model and

preparation

tasks, initial topic score

selecting a suitable content
route

knowledge-state assessment

Difficulty in
algorithmic thinking

Problem-solving steps, tracing,
flowcharts, code comments,
number of attempts

Gradually increasing tasks
and visual explanations

Recommendation system and
analysis of the solution path

Frequent syntactic and
semantic errors

Compiler/interpreter messages,
test-case results, runtime errors

Micro-practice and
explanatory feedback
according to the error profile

Automated feedback and error
classification

Different learning pace

Task completion time, repeated
attempts, delays

Individual pace and repetition
intervals

Learning analytics and
progress prediction

Weak motivation and

Platform activity, resource use,

Process assessment, reflection

Human-in-the-loop

"IxoHomuka u couuym' Ne6(145) 2026

www.iupr.ru




excessive reliance on similarity of code, lack of and defense tasks monitoring and explainable

Al explanation assessment

Table 1 demonstrates that each programming difficulty has a measurable digital
indicator and can be connected with an adaptive pedagogical decision. In such a system,
artificial intelligence does not replace the teacher; it transforms raw digital traces into
diagnostic information and supports the teacher's decision-making. This distinction is
essential because the same numerical indicator may have different pedagogical meanings.
For example, many attempts may indicate insufficient understanding, but they may also
show persistence and independent exploration.

The main didactic functions of Al include diagnostics, prediction, adaptation,
feedback and analytical support for teachers.

Generative Al has particular value in programming education because it can provide
natural-language explanations of code, generate test cases, propose alternative solutions
and answer student questions in dialogue form. Nevertheless, its use must be controlled
methodologically. If the learner receives ready-made code without explaining its logic, the
visible result may improve while algorithmic thinking remains undeveloped. Therefore,
assignments should include explanation, reflection, code defense and process assessment.

Didactic mechanism of Al-based adaptive teaching. The proposed mechanism
includes continuous diagnosis, learner-model updating, adaptive recommendation
generation, individualized feedback and subsequent pedagogical interpretation by the
teacher.

Conclusion. The study confirms that Al-based adaptive teaching of programming is a
necessary methodological direction in the digital education environment. Programming
courses require personalization because students differ in prior knowledge, algorithmic
thinking, pace of learning, error patterns and motivation. A uniform digital course cannot
fully respond to these differences.

Traditional LMS platforms provide important infrastructure, but they are not
sufficient for dynamic methodological decision-making. Effective adaptive teaching
requires a learner model, an error profile, a content model, adaptive tasks and
individualized feedback. Artificial intelligence technologies can support these elements
through diagnostics, prediction, recommendation, automated feedback and learning

analytics.
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At the same time, Al should be interpreted as a didactic mechanism that supports the
teacher rather than a tool that replaces pedagogical judgment. The effectiveness of adaptive
teaching depends on the integration of technological possibilities with learning objectives,
formative assessment, academic integrity, transparency and human-centered pedagogical
control. These findings provide a theoretical basis for designing an Al-supported adaptive

methodology for teaching programming in higher education.
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