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Abstract—The features of the main types of architectures of modern intelligent tutoring systems are analyzed.
Special attention is paid to intelligent tutoring systems based on the architectures of tutoring integrated expert
systems and tutoring web-oriented integrated expert systems, the basic principles and development technology
of which are determined by the problem-oriented methodology for building integrated expert systems and the
tools of the AT-TECHNOLOGY workbench. The prerequisites, the results obtained, and further prospects for
the automated formation of a unified ontological space of knowledge and skills of students are discussed through
the use of tutoring web-oriented integrated expert systems throughout the educational process.
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INTRODUCTION

Currently, promising domestic and foreign
research in the field of computer educational technol-
ogies is associated with the creation of various tools of
intelligent computer tutoring based on the develop-
ment and use of intelligent tutoring systems (ITS),
integrating the whole variety of methods and tools of
artificial intelligence (AI) with methods and
approaches from other areas, in particular, pedagogy
and psychology [3, 9, 16, 18, 19, 21, 28].

Architectures of modern ITS are focused on sup-
porting the solution of problems of intelligent tutoring,
which is based on the conceptual and logical intercon-
nection of the processes of individualization, web ori-
entation, and intellectualization [19]; therefore, all
methods and approaches to the design of ITS with dif-
ferent architectural typology must meet these goals.
However, taking advantage of the popularity of this
problem, today there is a process of “noise” of the very
concept of ITS, since quite often under the guise of
ITS a large number of computerized courses and e-
learning systems in various subjects and disciplines are
described, including e-learning systems and the cre-
ation of numerous commercial courses and programs.
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The historical framework of the emergence and
development of the subject area of ITS is usually asso-
ciated with the period of the 1970s–1980s and linked
to the names of Carbonell [6] and later Brusilovskii
[4], who formulated a general understanding of ITS as
a distinct class of applied intelligent systems, whose
architectures provide automated support not only for
models of problem domains (PD) but also for student
models and various tutoring models. The main objec-
tives of the creation of the ITS were design and devel-
opment of an adaptive tutoring environment, organi-
zation of the diagnostic process of identifying errors in
the knowledge and skills of students, formation of a
personalized tutoring strategy in accordance with the
current situation in the tutoring process, etc.

Various classifications of ITS and approaches to
their development began to be actively proposed at the
end of the 1980s, and since the 2000s they have
received the greatest development, based on the diver-
sity of ITS architectures and the state of the current
technological base, determined by the capabilities of
the Internet, web tutoring, remote technologies, cloud
computing, and other tools. The general analysis of
the early period ITS and the evolution of the main par-
adigms of the development of the ITS are devoted to
the work [4, 5, 8, 11, 17, 19, 28, 30, 31] and others.

We consider examples of some characteristic
approaches to the construction of modern ITS archi-
tectures (without claiming to be an exhaustive analysis
497. © Pleiades Publishing, Ltd., 2023.
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of all types of ITS architectures), and then in the con-
text of this work, we will focus on the features of a par-
ticular class of ITS—tutoring integrated expert systems
(IES) and web-IES.

1. GENERAL CHARACTERISTICS 
OF ITS ARCHITECTURES AND TOOLS 

FOR THEIR DEVELOPMENT

In terms of the architecture, composition and
structure of the main components and tools of the
ITS, several types of basic architectures of the ITS
have historically been formed: problem-specific ITS
with an emphasis on the specifics of tutoring PDs (in
particular, on the basis of expert systems (ES) and
expert-tutoring systems); web-oriented ITS (web-
based ITS), web-oriented tutoring adaptive systems
(web-TAS); tutoring integrated expert systems (IES)
and web-IES as full-functional classes of ITS; agent-
oriented ITS and ITS based on various architectures of
multiagent systems (MAS); ITS based on cloud plat-
form technologies.

ES-based problem-specific ITS architectures, as
well as web-based ITS and web-TAS, are not entirely
new or unique, since, in accordance with the require-
ments for ITS, knowledge about the specifics of tutor-
ing PDs, about the learner and tutoring strategies is
mainly used here to support a personalized tutoring
process for specific disciplines. The greatest architec-
tural diversity is distinguished by agent-oriented ITS
[18], the architecture of which includes, for example,
the following types of agents: agents of the instructor
interface, agent of the tutoring interface, agent of
access to knowledge, agent of ontology, agent-coordi-
nator of interactions between agents, etc.

A number of ITS are proposed, in which agents, for
example, departments of a university [1], are created tak-
ing into account the requirements of service-oriented
architecture, the main components of which are reposi-
tory of educational objects, agent of the student, assess-
ment of the knowledge of the student, formation of indi-
vidual tutoring programs, personal tutoring environment,
methodological support, etc. In other ITS [33], a service-
component approach to the system architecture has been
adopted to ensure the availability and autonomy of com-
ponents. The prototype of the MAS network interaction
of educational institutions is described in [32].

There has been no significant innovation in the
area of software tools (ST) to support the development
of ITS and web-based ITS, as the focus is on reengi-
neering and further development of existing tools. As
an example, we can cite the family of ST of the
MONAP type [9], on the basis of which a number of
applied ITS are implemented; for example, in [2], an
example of using the web version of MONAP is
described, with the help of which subject teachers
from the same type of PDs can create their tutoring
environments with different didactic characteristics.
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The IACPaaS platform [12] has modern capabili-
ties for the implementation of ITS to support the
development, management, and remote use of appli-
cation and system multiagent cloud services (includ-
ing intelligent) and their components. There is experi-
ence in creating on the basis of IACPaaS several ITS
for medical professionals [13].

Great prospects of intelligent tutoring were shown by
educational IES and web-IES, which since 2008 have
been actively used to support the educational process at
the National Research Nuclear University, Moscow
Engineering Physics Institute (MEPhI), constantly
improving and developing. Tutoring IES, developed on
the basis of a single problem-oriented methodology for
building an IES [22] and supporting its instrumenta-
tion—the AT-TECHNOLOGY workbench [22, 23]—are
fully functional IES, because, inheriting the fundamental
principles of modeling PDs from traditional IES, they
also have a scalable architecture that allows expanding
the functionality of the IES with the help of additional
subsystems providing the processes of constructing mod-
els of students, tutoring models, models of explanation,
and other tools of ITS.

As the basic architectural solutions used for tutor-
ing web-IES, it is necessary to highlight the develop-
ment of tools that support web testing of students to
identify the current level of knowledge of students on
the basis of applied ontologies of courses and disci-
plines, the organization of web interaction with soft-
ware components that provide identification of the
level of skills of students to solve informal problems
(IF problems) [20, 25], and development of adaptive
tutoring software environment on the basis of seman-
tic integration of interacting processes of building
individual models of students and tutoring in the con-
text of the implementation of a specific curriculum or
ontology of educational activities [20].

The special tools of the workbench type
(AT-TECHNOLOGY workbench) created for auto-
mated support of this methodology are constantly
being improved and experimentally investigated in
practice, on the basic functional platform of which
several generations of ST have already been created
that provide, among other things, intelligent support
for the development and maintenance of applied IES
at all stages of the life cycle [26, 27].

At present, an important place in research and
development related to solving the problems of intelli-
gent tutoring using web-based educational IES
belongs to ontological engineering. This made it pos-
sible to realize the general concept of a single ontolog-
ical space of knowledge and skills of students and on
the basis of the intelligent software environment of the
AT-TECHNOLOGY workbench to carry out a cycle
of research on the automated formation of a single
ontological space of knowledge and skills of students
throughout the educational process, in order to build
ION AND IMAGE ANALYSIS  Vol. 33  No. 3  2023



MODERN ARCHITECTURES OF INTELLIGENT TUTORING SYSTEMS BASED 493
competence-oriented models of graduates in specific
areas of tutoring [24].

We consider briefly the existing experience of using
ontologies in modern ITS for the implementation of
these goals, focusing only on the educational sphere.

2. THE PLACE AND ROLE OF ONTOLOGIES 
IN INTELLIGENT TUTORING BASED 

ON THE USE OF ITS IN THE 
EDUCATIONAL SPHERE

The construction and active use of ontologies is an
important feature of the development of modern
information systems with a variety of architectural
typology, including applied intelligent systems such as
ITS, and the number of proposed models, methods,
methods, special languages, ST, and platforms is
already off the scale (detailed reviews are given in [10,
26]). Depending on the selected criteria, there are
numerous classifications of ontologies, the most
famous of which is the classification of N. Guarino
and D. Fensel based on the levels of commonality of
ontological models and the isolation of top level ontol-
ogies, ontologies of subject areas (domain), ontologies
of knowledge representation, and applied ontologies.

One of the most common areas of use of ontologies
is the educational process; however, the scope of
ontologies here is mainly associated with automated
information systems and traditional computer tutoring
systems. Using [24, 26], we consider some character-
istic examples, positioning the role of ontologies in the
implementation of various ITS architectures.

The project of creating an information and educa-
tional space [33] in which an important place is given to
ontologies of different types especially in the context of
this work has interesting prospects: ontology of the subject
area (the semantics of educational objects is created);
ontology of educational objects (the management of edu-
cational content is provided); ontology of competencies
(the sequence of studying educational materials is built).

The option of using the ontological approach in cre-
ating distributed ITS based on the MAS technology and
the principles of the Semantic Web project was pro-
posed, for example, in [14] as the development of dis-
tance tutoring systems. From the perspective of ITS,
personalization in tutoring is achieved through ontolog-
ical models, which are a meta-knowledge for the imple-
mentation of individual selection of tutoring materials
and are coded in the specialized OWL language.

In general, the typology of ontologies used in the
ITS for the educational process is determined by
applied ontologies and ontologies of the subject area.
In domestic practice, applied ontology of various
tutoring courses/disciplines is most often used, for
which many different approaches are proposed—from
methods of visual structuring of information to meth-
odology of knowledge management for integration of
development of many tutoring courses at the depart-
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mental and interdepartmental levels [1]. The paper
[13] describes an intelligent tutoring environment for
the diagnosis of acute and chronic diseases, in which
several types of subject ontologies are used.

Quite actively in ITS, ontological representations of
models of students are used, being based solely on reflec-
tion of the level of knowledge of the student. For example,
work [15] describes the ontological model of the learner,
on the basis of which the individual trajectory of tutoring
is built, and the ontological model of the learner in [34]
reflects not only the structure but also the dynamics of the
formation of professional knowledge. There are also a
number of works on ITS that consider the ontological
approach to the creation of tutoring models and learning
management systems, for example, [7, 29].

However, even in the most advanced ITS architec-
tures, models of students are mainly considered, reflect-
ing only the levels of mastering of declarative knowledge
in specific academic disciplines or acquired competen-
cies, and little attention is paid to the identification of
procedural knowledge, i.e., skills/abilities to apply the
knowledge gained in practice.

In addition, the analysis of various ITS architec-
tures in the context of using the ontological approach
showed that, at present, there are practically no meth-
ods and tools that ensure the implementation of auto-
mated construction and practical use of a single onto-
logical space of knowledge and skills of students
formed throughout the entire educational cycle in spe-
cific areas/specialties of graduate tutoring.

Now we will briefly consider the main approaches
and features of the implementation of the basic con-
cept of the automated formation of the ontological
space of knowledge and skills of students on the basis
of a set of models and software tools to support the
construction of tutoring web-IES.

3. FEATURES OF CONSTRUCTING MODELS 
OF STUDENTS ON THE BASIS OF APPLIED 
ONTOLOGIES OF COURSES/DISCIPLINES

Methodological and technological experience of
use in the educational process, supported by the gen-
eralized ontology “Intelligent Systems and Technolo-
gies” and the current versions of the web-based educa-
tional IES, has made it possible to implement to date
a complete set of typical tasks of intelligent tutoring,
conceptually and formally positioned in early
research, in particular, [21], and then specified by the
results of experimental software modeling and appro-
bation in real conditions of the educational process at
National Research Nuclear University MEPhI [20],
namely: individual planning of the methodology of
studying tutoring courses/disciplines (concrete defi-
nition for each student of the sequence of topics/sec-
tions of the course, individual control and identifica-
tion of “problem areas” and levels of current compe-
tencies of students, optimization of individual tutoring
ol. 33  No. 3  2023
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taking into account the personal characteristics of stu-
dents); intelligent analysis of solutions to educational
problems (modeling of students’ reasoning solving IF
problems, identification and classification of types of
errors and gaps in knowledge instead of their state-
ment, feedback through dynamic updating of stu-
dents’ knowledge); intelligent support for decision-
making in the context of the implementation of the
functionality of traditional ES (intelligent assistance at
each stage of solving educational problems; explana-
tions of the type “how?” and “why?”; a hint of the
next stage of the solution).

The leading role in the implementation of the
above tasks belongs to the applied ontologies of
courses/disciplines for the construction of current
models of students by applying ontologies in the orga-
nization of the processes of identifying knowledge and
skills of students, carried out in the RunTime mode
(intended for the student) in the framework of control
measures in the form of web tests, etc.

The knowledge of students is identified on the basis
of the use of applied ontologies of courses/disciplines
created in the DesignTime mode (intended for the
teacher) and the dynamic formation of current com-
petence-oriented models of students, which are based
on the analysis of answers to questions from special
web tests, diagnosis of knowledge gaps (detection of
so-called “problem areas” and current competencies
by comparison with fragments of ontologies), and the
subsequent formation of individual plans or tutoring
strategies using different types of specific tutoring
influences. The generation of variants of test tasks is
carried out before the start of web testing by applying
the genetic algorithm [19] to a given fragment of
applied ontology of the course/discipline.

The processes of skills identification, also per-
formed in the Runtime mode, are more specialized
and are determined by the currently implemented
models of skills/abilities to solve specific types of IF
problems for a specific course/discipline and the pos-
sibilities of software support for interaction with ele-
ments (vertices) of relevant applied ontologies (these
issues are discussed in detail in [25]).

Thus, the general concept of the ontological space
of knowledge and skills of students from the stand-
point of the architecture of the web-based educational
IES can be interpreted as a set of all information and
educational processes and resources for the imple-
mentation of typical tasks of intelligent tutoring during
the full cycle of continuous tutoring on the basis of
generalized ontology and the tools of the intelligent
program environment of the AT-TECHNOLOGY
workbench for the purpose of automated construction
of competence-oriented models of graduates in spe-
cific areas of tutoring. In this case, the automated for-
mation of the ontological space of knowledge and
skills of students is essentially a full-functional educa-
tional monitoring of the functioning of the tutoring
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web-IES during the full educational process (consid-
ered in Section 5).

4. BASIC MODEL OF ONTOLOGY AND 
FEATURES OF AUTOMATED FORMATION 

OF ONTOLOGICAL SPACE OF KNOWLEDGE 
AND SKILLS OF STUDENTS

Issues related to the development of models, meth-
ods, and ST to support the construction of ontologies
on the basis of problem-oriented methodology and
tools of the AT-TECHNOLOGY workbench were con-
sidered in a number of works, in particular, [19, 20, 24].
Therefore, here we will highlight only the most import-
ant properties and features that position the place, role,
and opportunities of the proposed ontological approach
in the development of intelligent tutoring based on the
use of web-based educational IES.

1. The general methodological and software sup-
port of all processes of construction of applied ontolo-
gies of courses/disciplines and generalized ontologies
of specialties/areas of training on the basis of a single
model of ontology in the form of a semantic network
of a special type is provided (formal aspects are
described in [19, 20] and other works).

2. Unlike the models of ontologies used in most
computer training systems and ITS, the proposed model
provides wide possibilities of representation as elements
of the semantic network (tops of the network) not only
of concepts related to the hierarchical structure of
courses/disciplines (sections, topics, subtopics, etc.) but
also of various models of competences, as well as models
of training influences and models of identification of
skills/abilities of students [26]; the ability to display var-
ious types of relations between the network vertices not
only of the taxonomic type but also of semantic relations
reflecting the specifics of the relationships of all ele-
ments of the ontology model; and developed algorith-
mic and support for the implementation of the required
functionality in the interpretation of heterogeneous ele-
ments of the ontology model.

3. All processes of construction of applied and gen-
eralized ontologies on the basis of the basic model of
ontology are carried out in an automated mode owing
to the development of specialized ST designed in
accordance with the requirements of the intelligent
software environment of the AT-TECHNOLOGY
workbench as reusable components.

4. From the point of view of the architecture of the
tutoring IES and the web-IES, the proposed ontolog-
ical approach is universal, since it not only is used for
the construction of applied ontologies of courses/dis-
ciplines but also performs an important algorithmic
and technological function in the construction of
competence-oriented models of students and adaptive
tutoring models.

5. Conceptual and integration capabilities of the
basic model of ontology allow solving interrelated
ION AND IMAGE ANALYSIS  Vol. 33  No. 3  2023
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complex problems of automated formation of a single
ontological space of knowledge and skills of students
[24] both in the context of intellectualization of the
processes of development of applied IES as a whole
[27] and in the context of further development of intel-
ligent tutoring technology based on web-IES, which is
achieved using a set of models ref lecting a large expert
and technological experience in the creation of unique
methods, procedures, algorithms, and tools of identi-
fying and assessing the skills of students to solve IF
problems, provided for in the framework of general-
ized ontology as standard tasks of intelligent tutoring,
and the totality of the currently implemented tutoring
influences of various types, from which specific plans
(strategies) of tutoring are formed (described in detail
in [19] and other works).

Let us consider some methodological and techno-
logical features of monitoring the processes of func-
tioning of web-IES tutoring.

5. DEVELOPMENT OF TOOLS
OF MONITORING THE PROCESSES OF 

FUNCTIONING OF TUTORING WEB-IES AND 
METHODS OF PROCESSING ITS RESULTS

The traditional view of the problem of monitoring
any automated system, including educational moni-
toring, involves the creation of a system for collecting,
storing, analyzing, and presenting information about
the state of observed objects, phenomena, and pro-
cesses for the purpose of their assessment, control, or
prediction. In this case, the monitoring of the function-
ing of the tutoring web-IES is determined by the tech-
nology of implementing a set of functional tasks charac-
teristic of intelligent tutoring and in general is associated
with the “tracking” and analysis of all processes of
building an individual competence-oriented model for
each student in the relevant discipline (by identifying
the current level of knowledge/skills) and the dynamic
formation of the appropriate tutoring model.

At present, it has been possible to ensure the fulfill-
ment of most requirements of educational monitoring by
automating almost all processes that arise during tutoring
and control of the knowledge/skills of students. At the
same time, all information about students, subjects of
courses/disciplines, results of tutoring, and results of stu-
dent control and individual recommendations is in a sin-
gle ontological environment and at any time is available
to the student and/or controller of the tutoring process.
Management, analysis, and processing of current moni-
toring results is provided by the development of special
tools of the intelligent software environment of the AT-
TECHNOLOGY workbench.

Among the main requirements for methods and
algorithms for processing monitoring results, we should
indicate the following: the need for constant formation
of contingents of students with high and/or low levels of
knowledge/skills and competencies; conducting sys-
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tematic analytical and statistical processing of data on
the basis of the introduced parameters; generation of
current and final reports (statements) for departments
and other departments of the university reflecting com-
petence-oriented models of students, as well as addi-
tional information on independent work, the forecast of
the final assessment, and other information.

To conduct analytical and statistical processing of
monitoring results, basic parameters were proposed,
including analysis of “problem areas” of students and
their clustering, analysis of the effectiveness of apply-
ing an individual tutoring plan by assessing the impact
of tutoring influences on increasing the level of knowl-
edge and determining the most appropriate tutoring
influences, calculation of the correlation between the
level of skills and the level of knowledge on the rele-
vant topics of the course/discipline, etc. For most of
these parameters, appropriate methods, algorithms,
and special software tools have been developed; oth-
ers, more complex, are in the stage of preliminary
research and will be refined.

When monitoring the processes of functioning of
tutoring IES, it is necessary to take into account such fac-
tors as the requirements for the reliability and safety of
tutoring IES and web-IES, as well as to ensure the control
of the copyright of experts (subject teachers) on the
knowledge and skills formalized during the development
of each specific applied ontology of the course/discipline.

CONCLUSIONS
The general concept of a single ontological space of

knowledge and skills of students as an adaptive pro-
gram environment of intelligent tutoring based on the
use of tutoring web-IES was formed on the basis of the
development of the basic provisions of the problem-
oriented methodology for building an IES, initially
focused on powerful integration capabilities in model-
ing typical IES architectures.

On the other hand, the experience of using educa-
tional IES and web-IES in conditions of the real edu-
cational process made it possible to develop original
approaches and methods for identifying both the cur-
rent level of knowledge of students and the skills/abil-
ities of students to solve various educational problems,
including IF problems. The accumulation of method-
ological experience in the form of a wide range of
implemented tutoring influences of various typologies
provided the possibility of dynamic construction
within a single ontological environment of individual
tutoring strategies (plans), taking into account the
diagnosed “problem areas” of students.

In the future, from the point of view of supporting
the full educational cycle and the formation of the
final competence-oriented models of graduates, it is
necessary to significantly strengthen the integration
role of generalized ontology, as well as expand the
algorithmic and software base for the implementation
ol. 33  No. 3  2023
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of educational monitoring of the processes of the
functioning of tutoring web-IES.
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