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ARTIFICIAL 
INTELLIGENCE 
IN EDUCATION

The focus: 
Development of interactive and 
adaptive learning environments
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DIRECTIONS IN 
ADAPTIVE EDUCATIONAL 
SYSTEMS AND AI
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High-level architecture of intelligent web-based learning system
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Intelligent Tutoring Systems (ITS)

ITS are computer-based systems that provide personalized instruction and 
feedback to students. They adapt the learning materials and pace to match 
the individual student's abilities and progress.

Have strict style of instructing. Have a full control over the learning process 

Were especially popular in early years of AI in education 
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Adaptive learning web 
environments

Web systems with aim at supporting learners in acquiring knowledge and skills 
in a particular learning domain. The goal is to enhance the individual learning 
process with respect to speed, accuracy, quality and quantity of learning.

Tends to give more freedom to user compared to ITS.

Weber, G. (2012). Adaptive Learning Systems. In: Seel, N.M. (eds) Encyclopedia of the Sciences of Learning. Springer, Boston, MA. 
https://doi.org/10.1007/978-1-4419-1428-6_534
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Domain knowledge 
and learning content 
representation

- Knowledge modeling for educational systems

- Semantic modeling of learning content

- Ontological modelling

- Model knowledge in order to present it to

humans
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User and Teaching 
Modeling

- Models of learners, including open learner 

models

- Intelligent tutoring, modelling of learning and 

teaching strategies
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Learning Analytics 
Dashboards

- Learning analytics dashboards are tools or 
platforms used in the field of education to 
collect, analyze, and present data related to 
student performance and learning 
outcomes. 

- These dashboards offer a visual 
representation of data to educators, 
administrators, and students, helping them 
make informed decisions about teaching 
and learning

Akçapınar, G., Hasnine, M.N. (2021). Development and Evaluation of a 
Student-Facing Gamified Learning Analytics Dashboard. In: Sahin, M., 
Ifenthaler, D. (eds) Visualizations and Dashboards for Learning Analytics. 
Advances in Analytics for Learning and Teaching. Springer, Cham. 
https://doi.org/10.1007/978-3-030-81222-5_13
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Interactive content 
presentation
- Innovative human-computer interaction for learning 

systems

Fedenko V.A., Polienova V.A. & Tytenko S.V. (2022). EDUCATIONAL MOBILE APPLICATION BASED ON CONCEPT MAPS. 
Modern Engineering and Innovative Technologies, 1(23-01), 12–18. https://doi.org/10.30890/2567-5273.2022-23-01-014
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Gamification 
in e-learning

- Gamification serves to make 

learning more engaging and 

interactive. 

- Such systems incorporate 

game elements into 

educational content.

https://www.customerglu.com/blogs/epic-meaning-engagement-
learn-how-to-increase-customer-engagement-with-gamification
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Natural language 
processing tools
- NLP-powered systems are used for tasks like 

automated essay grading, chatbots, and virtual 

teaching assistants. 

- They can assess and provide feedback on written and 

spoken language skill

- Learning content analysis 
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Knowledge 
assessment 
- Automated creation of knowledge assesment tools

- Quiz generation

- Automated check of text based assignemnts

- Automation of coding assignments
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Research focus:
Systems to support self-regulated 
lifelong learning

Professional learning 
and growth

Professional 
relevance

Focus on applied 
knowledge

Identifying and 
consideration of the 
student's personal 

experience and 
knowledge

Constructivist-style 
of learning with self-

regulation

Importance of 
interdisciplinary 

knowledge

O. Gagarin, S. Tytenko. Research and analysis of methods and models of lifelong learning intelligent systems, 
Research Bulletin of NTUU “Kyiv Polytechnic Institute”, no 6 (56), pp. 37-48, 2007 15



ONTOLOGY-ORIENTED EDUCATIONAL 
WEB SYSTEM WITH USE OF 
INTERACTIVE CONCEPT MAPS
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Concept-thesis model 
of learning domain 
representation

- It is proposed to implement semantic 
formalization of educational content by 
decomposing key elements of text and 
media into two basic structural units which 
are concepts and theses. 

- This approach involves the processing of 
educational content by an expert using a 
user-friendly web interface. As a result, we 
get a lot of concepts, as well as key 
information to them. 

- Concept-thesis data are used for:

1. Automatic test construction and 
knowledge assessment, 

2. Construction of a semantic summary, 
and subject area thesaurus, 

3. Automatic construction of didactic 
ontology 

4. Interactive concept maps. Tytenko S. V CONSTRUCTION OF DIDACTIC ONTOLOGY BASED ON THE ANALYSIS OF 
CONCEPT-THESIS MODEL ELEMENTS. Naukovi visti NTUU - KPI . 2010, Vol. 2010 Issue 1, 
p82-87.
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Concept-thesis model of 
learning domain representation

Mixin-based inheritance means that although every class 
(except for Object) has exactly one superclass, a class 
body can be reused in multiple class hierarchies.

class SmartTelevision extends Television { 
   @override void turnOn() {...} 
   // ··· 
}

Subclasses can override instance methods, getters, and 
setters.

Classes

Overriding members

Thesis of 
Classes 
concept

Concept.
Part of Dart 

concept

Aspect of 
Classes 
concept

Thesis of 
Overriding 
members

“Demonstration code” Thesis of 
Overriding members 

Learning content
“Classes in Dart”

C = {c1 , …, cn1}

T = {t1 , …, tn2} 

CT: T → C,   

TC: C → 2T
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Result fragment of ontology

Dart

Classes

Part-of

Overriding members 

Aspect-of

class SmartTelevision extends Television { 
   @override void turnOn() {...} 
   // ··· 
}

Thesis-of

Subclasses can override instance 
methods, getters, and setters.

Thesis-of

Mixin-based inheritance means that 
although every class (except for Object) 
has exactly one superclass, a class body 
can be reused in multiple class hierarchies

Thesis-of

Learning content
“Classes in Dart”

Taken-from

Taken-from

Taken-from

Concept

Concept

Concept Aspect

Thesis

Thesis

Thesis

Content element
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Concept relations: structural

- Aspects

- 𝐴𝑠𝑝𝑒𝑐𝑡𝑠 = 𝑐 ∈ 𝐶 𝑖𝑠𝐴𝑠𝑝𝑒𝑐𝑡 𝑐 = 𝑡𝑟𝑢𝑒

- 𝐴𝑠𝑝𝑒𝑐𝑡𝑂𝑓 ∶ 𝐴𝑠𝑝𝑒𝑐𝑡𝑠 → 𝐶

- Part-of, is-a and instance-of relations

- 𝑃𝑎𝑟𝑡𝑂𝑓 ∶ 𝐶 → 𝐶,

- 𝐼𝑠𝐴 ∶ 𝐶 → 𝐶,

- 𝐼𝑛𝑠𝑡𝑎𝑛𝑐𝑒𝑂𝑓 ∶ 𝐶 → 𝐶
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Concept relations: didactic. Automaticaly generated
- Fuzzy logic based reasoning to define prerequisite concepts  

21

Tytenko S. V CONSTRUCTION OF DIDACTIC ONTOLOGY BASED ON THE ANALYSIS OF 
CONCEPT-THESIS MODEL ELEMENTS. Naukovi visti NTUU - KPI . 2010, Vol. 2010 Issue 1, 
p82-87.



CONTENT 
HIERARCHY AND 
CTM 

Content

𝑉 = {𝑣!, . . . , 𝑣"!}.

𝐶ℎ ∶ 𝑉 → 2#

𝑇𝑉 ∶ 𝑉 → 2$

𝐶𝑉 𝑣 = {𝑐: 𝑇𝑉 𝑣 ∩ 𝑇𝐶 𝑐 ≠ ∅}.
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Intelligent content ordering

Algorithm of automatic ordering of 
individual content

1. Indexing of content with concepts 

according to the subject area

2. Construction of a transitive closure of 

the ontology graph using a modification 

of the Floyd-Warshall algorithm

3. Rule-based analysis of the relationship 

between the concepts of content with 

Stanford fuzzy inference model.

4. Sorting content sections using the 

topological sorting algorithm.
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Interactive 
concept maps

- Concept maps

- Knowledge graphs

- Ontologies

- Semantic networks

- Mind maps

Tytenko, S.V. CONCEPT MAPS, THEIR APPLICATION TYPES AND METHODS IN 
INFORMATION AND LEARNING SYSTEMS. KPI Science News, no. 4, pp. 70–78, 
2020. doi: 10.20535/kpisn.2020.4.227090 24



Interactive concept 
maps on Semantic 
portal

- www.semantic-portal.net

Current concept 
theses

Target 
concept

Chosen content 
filters Vf

Background 
concept

Aspect of 
concept

Interactive 
concept map

Information panel of 
concept map

Reference to 
learning content

Child 
concept
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http://www.semantic-portal.net/


Concept-thesis 
management

- Interactive tools to manage 

semantic entities of learning 

content

Content

Added 
concepts

Current 
concept to edit

Concept management panel
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The results of a survey of fourth-year students in 
the study of Dart language

27

How useful was the concept map?

Useful, is more convenient than text format — 26

Useful, but text format is more convenient — 2

Not useful, text format is enough — 0



Further research
Large Language Models in Ontology-oriented educational web sytems 
and Software Architecture: 

- Automated extraction of concepts and theses from educational 
content with OpenAI API (M. Rybak, AUK)

- Generation of learning content with use of ontology-based 
course structure and OpenAI API (A. Kakun, O. Ivchenko, AUK)

- Exploratory learning UI based on interactive concept maps 
(A. Tytenko, AUK)

- Using smart contracts in the educational system based on the 
blockchain protocol (I. Bukatych, AUK)

- Software Architecture: Modular Monolith as a Microservices 
Precursor (T. Shablii), Teaching Software Architecture 
(I. Manzhula), Mobile Software Architecture Patterns (D. Bilohub, 
M. Skrypchenko, AUK).
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