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INTELLIGENT TRAINING PROCESS MANAGEMENT

The article discusses the development of an intelligent training system (ITS), types of technologies in ITS and their use
in intelligent management of the learning process. The article gives the examples of models and describes an overlay fuzzy model
of a student's knowledge based on the concept of a didactic unit.

The research methods include a systematic approach to the development of the ITS concept and knowledge processing
models based on the use of adaptive testing theories, fuzzy logic, artificial intelligence.

The proposed concept of building an ITS using an overlay fuzzy model of the student's knowledge will determine the
degree of mastering the didactic units and competencies of the student. The results obtained are of interest in building an intelligent
training systems and training complexes, which, in turn, help to increase the efficiency of training due to the openness,
multifunctionality and adaptability of intelligent training systems.

In connection with the growing interest in the design of intelligent training systems, there are many ambiguities in the
interpretation of the types of learner models in ITS. However, since new directions in the modeling of ITS for trainees have
appeared, innovative technologies of the learning process itself have been developed. This article is relevant in this regard,
especially if we consider the application of theoretical ideas into practice and use of ITS in the intelligent management of education.

This article discusses the concept of building an ITS in the Nova Kakhovkalnstrument Making Applied College. The one
of the tasks of ITS should be dynamic adaptation of educational material to the level of student knowledge. The training model
proposed in the article allows: to adjust the learning goals set by teachers to the goals of students, to increase the independence
of learning, responsibility and conscientiousness of students, to increase the share and quality of independent learning, to ensure
the unity of training and educational processes.

Key words: intellectual training system, competencies, student overlay model, didactic unit.

IMOJIIBIHA KATEPMHA

XepcoHCHKUI HalliOHANBHUH TeXHIYHUH YHIBEPCHTET
IHTEJIEKTYAJIBHE YIIPABJIIHHSA TIPOOECOM HABYAHHSA

YV cmammi posensioaemovcs numanns pospoboku inmenekmyanvnoi Hasuanvroi cucmemu (IOC). Buou mexuonociu ¢ 10C ma ix
BUKOPUCMANHA 8 THMENEKMYATbHOMY YIpasninii npoyecom naguanns. Hasooamuvcs npuxnadu moodenei yuns. Onucyemuvcs ogepaeiina newimxka
MOOelb 3HAHb YUHS, KA 3ACHOBAHA HA NOHAMMI OUOAKMUYHOT OOUHUYI.

Memoou docniodxcenuss 6a3yIOMbCs HA CUCMEMHOMY RIOX00i 0o po3pobku konyenyii IOC ma modeneii 00poOKU 3HAHL, WO OA3YIOMbCS
HA BUKOPUCTAHHI MeOPIl A0anmueHO20 MeCmy8anHs, HeuimKoi 102iKu, WMYy4HO20 IHMEeNeKNy.

3anpononosana konyenyis nooyoosu 10C 3 eukopucmanHam 08epietiHoi Heuimkoi Mooeni 3HAHb YYHA 003601UMb GUSHAYUMU CHYNIHb
0CBOEHHS OUOAKMUYHUX OOUHUYb | KomnemeHyill yuus. Ompumani pe3yibmamu Marme 3acmoCy8anHs Npu NoGYOOSI iHMENeKMyaibHUx
HAGUATLHUX CUCTEM [ MPEHANCEPHUX KOMNIEKCIB, SIKI 8 CBOI0 Yepey 00NOMA2alomy NioGUWUMU epeKmueHiCmy HAGYAHHS 34 PAXYHOK GIOKPUMOCMI,
6a2amoghyHKYIOHAILHOCHIE MA AOANMUBHOCI] IHMENEKMYATbHUX HABYATILHUX CUCTIEM.

B 36’3Ky 3 0edani binvwum inmepecom 00 npoeKmy6aHHs IHMEIeKMYAlIbHUX HABUAIbHUX CUCMEM BUHUKAE 6aA2amo Henopo3yMinb 8
mpaxkmyeanti 6udie mooenei, skux Haguaomv ¢ 10C. OOHAK, 3 A6UNUC HOBI HANPAMKU 6 OYOV6AHHI MOOei YuHI6, pO3POOIeHi THHOBAYIlIHI
MexXHON02Il camozo npoyecy HasYanHs. 3anponoHO8aHa CMamms 6 YbOMY CEHCi AKMyaIbHd, SKWO PO32IAOAMU 3ACMOCYSAH S MeopemuiHUX ioei
6 NPAKMUYHOMY NPOEKMYBAHHI | BUKOPUCMAHHI IHMENEeKMYATbHUX HABUAIGHUX CUCTEM NPU THMENEeKMYAlbHOMY YNPAGIiHHI 0OC8IMOI0.

B cmammi posensoaemuvcs konyenyis nooyoosu I0C ¢ Hosokaxoscokomy npuiadodyodisHomy paxoeomy konedxci. OOHUM i3 3a80aHb
10C € 30itichenns OuHamiunoi adanmayii HA8YANLHO20 Mamepiany 00 piéHA 3HAHL CMyOeHmis. 3acmocy8anHs 3anponoOHO8AHOI 8 cmammi
06epeliHOl MOOei yuHs O0360IAE: Y3200Umi ROCMABIEHI BUKIAOAYAMU Yl HABUAHH 3 YIIAMU CINYOEHMIB, NIOBUUMU SKICIb OMPUMAHUX 3HAHb
Mma HABUHOK, CAMOCMIUHICMb, GiONOBIOANLHICMb | CYMIIHHICIb CIMYOeHMIs.

Knrouosi cnosa: inmenekmyanbHa Hag4aIbHA cucmema, KOMnemeHyil, 0sepieiiHa Mooeib YuHs, OUOAKMUYHA OOUHUYSL.

The problem or the research
Currently, the development of information technology has led to dramatic changes in society, but in the field
of education, these changes have just begun. Dynamic processes in all areas of human activity require a professional
to use modern and relevant knowledge and skills. The acquisition of knowledge on classical technologies is often
delayed that does not provide a competitive advantage to the trainees. Therefore, development of competencies that
meet modern requirements must be carried out using intelligent training systems (ITS), which:
- provide personalized learning environment;
- take into account the current competencies of the student;
- provide timely adjustment of the learner's model;
- dynamically adapt the presentation of training material;
- provide contextual help at the level of hints, examples or explanations;
- is effective in group and joint learning, etc. [1, ¢.3-53].
In special cases, ITS allow building individual learning paths to focus on a narrow specialization; the learning
objectives can be adapted to the individual qualities of the student and can quickly change in the learning process.
The basis of modern ITS includes: a domain model (DM), a learner's model (LM), a training process model
and a result control model [1, c. 3-53].
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The ITS algorithm (fig.1) can be described as follows: until the specified learning goal is achieved, the ITS,
based on the current state of the student's model, selects and provides him with the next fragment of training
information from the DM, then monitors the assimilation of this fragment and, based on the control results, corrects
the student's model and the trainingprocess model [2, c. 210].

A sequence of pieces of teachingmaterial can be formed as active (according to a given curriculum) or
reactive (based on control results) [3, c. 35].

Active sequencing implies explicit learning objectives, which are described as a set of necessary and
sufficient competencies (knowledge and skills). This technology will provide the trainee with an individually designed
training course designed precisely for the trainee.

Passive (corrective) sequencing is a closed-loop technique with no explicit learning goal. The feedback that
updates the learner's model is usually an intelligent analyzer of the learner's performance — the technology that is able
to determine whether the answer proposed by the student is correct, to analyze the mistakes and completeness. It is
also possible to identify the missing knowledge that led to the error.

Interactive problem solving support is a technology that allows helping a student at every stage of solving a
task.

The technology of support in solvingtasksfrom example is based on the experience of solving tasks by
students: it allows solving new problems based on examples from previously solved ones.

In general, the structure of knowledge used by the DM ITS and the type the sequence largely determines its
architectural features.

i study of theoretical material

Practical
assignments

:

‘ Viewing the correct solution }q— + «‘ Solution with interactive tips

Solving problems
of increased
complexity

|

‘ Viewing the correct solution |‘7 Solution assistance based
on examples

‘ control task execution |

l

‘ Viewing Learning Outcomes |

| —

Fig. 1. Algorithm of the training process

Analysis of recent research and publications

Thus, summarizing the definitions proposed by various researchers, we can say that an intelligent training
system (ITS) is an e-learning system that includes elements of artificial intelligence (AI) and allows solving tasks in
the most suitable sequence for the student, adapting the course to knowledge or other characteristics of the student,
intelligent analysis of performance, assisting in assignments and intelligent monitoring of the learning process [4-
7,12].

An overview of modern ITS of various classes is presented in research papers[7-10]. It is customary to
distinguish such types of ITS as information and reference, consulting, intellectual-trainers (expert-trainers), managers
and accompanying ITS.

The type of intelligent training systems considered in the article differs significantly from other types of ITS.
The type of intelligently training ITS is focused ondeveloping a system of skills and abilities in trainees and implies
that the student has a sufficient level of knowledge, while ITS of other types make a system of competencies in the
form of knowledge.
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Aim of the study. The aim of the study is to describe the concept of a model of an intelligent training system
according to a competency-based approach. We will consider a student model for use in ITS, designed to assess the
competencies of students, when the acquisition of a certain piece of knowledge, skills and abilities is aimed at
developing certain competencies in the student, otherwise he/she cannot go to the next level of training.

Presentation of the research

This article discusses the concept of building an ITS in the Nova KakhovkaVocational Instrument Making
Applied College (Ukraine). The ITS of the College will include the following technologies: building the sequence of
the curriculum, intelligent analysis of the student's performance, interactive support in solving tasks, assistance in
solving tasks from examples. And, since one of the ITS’s tasks is to implement the dynamic adaptation of
learning/teaching material to the level of studentknowledge, it is necessary that the ITS includes such a student model
that would reflect his/her existing and missing knowledge. To date, in the College, only a few of the listed technologies
have been implemented and are used.

There are various classifications of learner models in ITS. Different types of models can cover such
parameters as the level of knowledge, psychological characteristics, pace and style of learning, percentage of
assignments done, chosen teaching technique /strategy [11, ¢.155], etc.

Another way to make a training program intelligent is to use learner models [12, c.167].

The student's knowledge model identifies the level of knowledge in the studied course or subject. Models are
divided into scalar and overlay ones. When using the scalar model, the student's level of knowledge is assessed
through some integral assessment, for example, by a point on a point scale.

The overlay model, in turn, shows what exactly the learner knows and does not know. In it, the student's
knowledge is a subset of the expert's knowledge, that is, the DM. Moreover, the level of mastering each of the units
of knowledge can be estimated by a Boolean data type of I or 0 (that is, «kknows» or «does not know»), a percentage
(«as far as he/she knows») or a probability coefficient («what is the probability that he/she knowsy).

The student model, designed to build an ITS for assessing the competencies of college students, should be
based on the DM of ITS. Several levels of hierarchy can be distinguished in the domain model. The didactic unit (DE)
acts as the minimum structural unit of the educational material - a logically independent part of the educational
material, for example, a concept, theory, law, etc. [13, ¢. 377].Each of the ITS levels corresponds to the level of the
student's knowledge model. For example, at the lowest level of the hierarchy, there are many didactic units DUE -
Didactic Units in Expert model. It corresponds to the set of mastered didactic units of the DUS - Didactic Units in
Student model. Taking into account that the student may not fully know any didactic unit, the following formula can
be proposed (using the theory of fuzzy sets):

DUS = {(due, ugys(due))|due € DUE},

whereDUS - fuzzy set of didactic units of a student's knowledge model,

DUE - set of didactic units of the domain model;

due - elements of the set DUE;

Uaus (due)- membership function indicating the extent to which the due element belongs to the fuzzy set
DUS.

In this case, three types can be distinguished:

Ugus(due)=1, means the complete belonging of the element due to the fuzzy set DUS(due € DUS), that is,
the student has completely mastered this didactic unit;

Uaus (due)=0, means that the due element does not belong to the fuzzy set DUS(due & DUS), that is, the
student has not mastered this didactic unit at all;

0 < ugus(due) < 1, means the partial belonging of the element due to the fuzzy set DUS, that is, the student
has not fully mastered this didactic unit.

Since the membership function for a fuzzy set can take any values in the interval [0,1], and not just the values
0 or 1, the degree of mastering a didactic unit can be represented as a decimal fraction in the range from 0 to 1. Table
1 shows the results of the intermediate knowledge control of students in Object-Oriented programming, on the topic
“Methods (functions) of the String class for working with strings in C #”, where the didactic units are functions of the
String class.

Table 1
Degrees of mastering didactic units

Didactic Units Mastering degrees
1. IsNullOrEmpty() 1

2. IsNullOrWhiteSpace() 0.8

3. Insert() 1

4. ToUpper() & ToLower() 0.5

5. Contains() 0,6

6. IndexOf() 0,5

7. StartsWith() & EndsWith() 0,7

8. Compare() 0,3
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Figure 2 shows an example of what the DUS fuzzy set pie chart looks like for eight didactic units mastered
with varying degrees. DUS ideal is a set of didactic units of the student's knowledge model when fully mastered

(Ugys (due)=1for all didactic units).

The degree of mastering a didactic unit is calculated based on the results of laboratory and practical work
related to this didactic unit. If all tasks are completed successfully, then it is considered that pg,,s(due) = 1. Otherwise,
the membership function can be calculated using the following formula:

N
aus(de) = ) qi /N, @
i=1

where pg,;(due) - membership function;

1 - the serial number of the task associated with this didactic unit;

N - the number of tasks to check this didactic unit;

qi— the result of the i-th task (equal to 1 if the task was successfully completed, and 0 if the task was not
completed or was not completed correctly).

B DUS - perfect ODUs

IsNullOrEmpty()

Compare() IsNullOrWhite Space()

StartsWith() Insert()

& EndsWith()

ToUpper()

IndexOf)) & ToLower()

Contains()

Fig.2 - The pie chart of the fuzzy set DUS-ideal

Assessment of the degree of mastering the subject as a whole is based on information about the degree of
mastering didactic units and can be done in several ways. In the simplest case, in the ITS, by default, certain parameters
are set that are the same for all didactic units. For example, for all due, where G is the degree of mastering the subject:

IF (1t gys(due) < 0,5), THEN G = «not mastered»;

IF(0,5 < pgys(due) < 0,8), THEN G = «partially mastered»;

IF(0,8 < pgys(due) < 1), THEN G = «mastered enoughy;

[F(ugqys(due) = 1), THEN G = «fully mastered».

Also, the above criteria for assessing the degree of mastering the subject can be set differently for each of the
didactic units using the methods of expert assessments. So, Figure 3 shows a diagram of the criteria for assessing the
degree of mastering a subject consisting of the above-mentioned didactic units.

The diagram shows four zones of the degree of mastery of the topic. If the degree of mastering by a student
of each of the didactic units falls, for example, in the “partially mastered” zone, then it is considered that the student
has partially mastered the whole topic.

However, in practice, the degree of mastering by students of didactic units rarely strictly correspond to one
of the zones, more often they fall into several zones at once, as in Figure 4.

In this example, the student twice achieved the best result, that is, he mastered the use of the
IsNullOrEmpty () and Insert () functions completely. Once his result fell into the zone of “mastered enough”, that is,
in writing programs of the IsNullOrWhiteSpace () function, he "mastered partially" four functions and “did not
master” the use of the Compare () function.
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IsNullOrEmpty() B learned completely

B learned enough

IsNullOrWhiteSpace() [] learned partially

@ did not learn

Starts With()
& EndsWith()

ToUpper() & ToLower()

Contains()

Fig. 3 Pie chart of the criteria for the degree of mastering the subject

Based on this, it is possible to calculate the membership measures (y;)of the degree of mastering the topic
by students in four zones:

1. Zone«notmastered» — u; = 1/8 = 0,125;

2. Zone «partiallymastered» —u, = 4/8 = 0,5;
3. Zone «masteredenough» —u; = 1/8 = 0,125;
4. Zone «mastered fully» —u, = 2/8 = 0,25.

IsNullOrEmpty()

degree of
mastering the topic

Compare() IsNullOrWhiteSpace()

StartsWith()

Insert()
& EndsWith()

ToUpper() & ToLower()

Contains()

Fig. 4 - Pie chart of the degree of mastering the topic by students

We select the maximum of the obtained values(u,)of the degree of mastering the topic by the student and
we conclude that in this example the student has mastered this topic partially.

The belonging (y;)of the degree of mastering the topic to the four zones can be calculated using the following
formula:

-5 G
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where i— serial number of the zone (from 1 to 4);

Q;— number of didactic units, the degree of mastering of which by the students falls into the i-th zone;

M — number of didactic units.

Knowing the measure of membership(y;), the degree of mastering the subject (G) can be identified as
follows:

IF(uy, = max(uq, Uy, s, 1)), THEN (G = «not mastered»);

IF(u, = max(uq, ta, ts, ta)), THEN (G = «partially mastered»);

IF(u3 = max(uq, ta, U3, 1)), THEN (G = «mastered enoughy);

IF(p, = max(uy, Uy, ts, Us)),THEN (G = «mastered fully»).

In general terms, this can be written as follows:

IF(u; = max(puy, po, 43, 1a)), THEN(G = g;).

Similarly, it is possible to assess the degree of mastering a competence based on information about the degree
of mastering the entire subject.

In addition to the knowledge model, the student model should also store information about his activity in the
system. Statistics on the activity of work in the system (time, date and duration of studying, taking tests, etc.) can be
used to assess the conscientiousness, responsibility, independence of work and the pace of learning, which, in turn,
can be used by the ITS recommendation subsystem or college teachers. These statistics can be stored in the student's
user activity model and taken into account when assessing the acquired competencies.

Thus, a student's model, consisting of a student's knowledge model and a student's user activity model, can
be used not only for effective assistance to the student in the learning process, but also for the most complete
assessment of his knowledge, skills, abilities, learning ability, ability to use the information received, personal
characteristics, etc.

Further developing the ITS of the College, it is proposed to use a precedent approach to accumulate the
experience of teachers. In the process of learning with the help of ITS, a knowledge base of precedents is accumulated.
At the first address of the student to the ITS, his personal characteristics will be saved and stored. This information in
the future will make it possible to draw up the most suitable and successful methods of learning/teaching. It is planned
to develop an ontology of techniques and methods used by a teacher in teaching a subject, taking into account the
individual abilities of students. When referring to this knowledge base, the teacher will be able to choose the optimal
learning model.

Conclusions

Thus, an intelligent training system (ITS) should provide an interactive dialogue with the student as well as
the operational control function allows the system to respond quickly and adjust for a more effective
learning/teaching process. Within the framework of the ITS, an individual training and testing strategy should be
built, based on the level of individual knowledge, abilities and skills. In addition, ITS is also focused on the teacher,
so it is necessary to have an intuitive interface that helps create, add, change educational material, and analyze
learning outcomes. The use of ITS will improve the efficiency of the learning process, make it more interactive and
individual.

Moreover, the competence-based approach on which the proposed model is based will minimize the lag of
education from the dynamically changing needs of the national economy.
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