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Dolzarbligi: Sun’iy intellektga ega bo‘lgan axborot-o‘quv tizimlarining jadal rivojlanishiga qaramasdan, texnik
universitetlarda ularning didaktik samaradorligini ta’minlash muammosi hanuz to‘liq hal etilmagan. Shu sababli,
texnik oliy ta’lim muassasalarida axborot-o‘quv tizimlaridan foydalangan holda ta’lim jarayonining sifatini va
didaktik samaradorligini oshirish usullarini tahlil qilish va takomillashtirish bugungi kundagi dolzarb masalalardan
biri hisoblanadi.

Ishning magqsadi: Energetika yo‘nalishidagi universitetlar uchun kognitiv avtomatlashtirilgan o‘quv tizimlarini
loyihalash va qo‘llash orqali didaktik samaradorlikni oshirish.

Metodlar: Ta’lim jarayonining noaniqligi va nosimmetrikligi sababli, tadqiqotda kognitiv-tizimli, strukturaviy,
ekspert, retrospektiv, faktoriyal, statistik, korrelyatsion, situatsion tahlil, PEST va SWOT tahlil uslublari
qo‘llanilgan.

Natijalar: Mazkur maqolada axborot-o‘quv tizimlarining ishlash algoritmiga kognitiv tizim tahlilining teskari
aloga elementlarini qo‘shish orqali ularning didaktik samaradorligini oshirish usuli taklif gilingan. O‘quv
vositalarining teskari aloqasi o‘quvchining yangi kognitiv sifatlarini va har xil murakkablikdagi virtual elektron
qurilmalarning modellarini oz ichiga oladi; ular o‘quvchi tomonidan mustaqil loyihalash uchun taklif etiladi.
O‘quv jarayonida yangi kognitiv sifatlarni rivojlantirish uchun shaxsiy xususiyatlarning har bir bosqichdagi nazorat
sinovlari natijalariga asoslanib, A.V. Krutikov metodikasi asosida o‘quvchi super-egoning ta’siri bilan yuzaga
kelgan irratsional salbiy qarashlarni bartaraf qilish bo‘yicha psixokorreksion mashg‘ulotlarda ishtirok etadi.
Bunday salbiy qarashlar jamiyat ta’siriga bo‘lgan salbiy javob shakllarining yuzaga chiqishiga sabab bo‘ladi.
Shuningdek, inson ongida mavjud bo‘lgan salbiy fikrlar ijodiy faoliyatga bo‘lgan kognitiv qobiliyatlarni sezilarli
darajada pasaytiradi.

Kalit so‘zlar: kognitiv axborot tizimlari, kognitiv tizim tahlili, didaktik samaradorlik, o‘qitishning psixologik
omillari, shaxsga yo‘naltirilgan yondashuv.

Oco0eHHOCTH NPUMMEHEHUS AHAJIN32a KOTHUTHBHBIX
CUCTEM NPH CO3TAHUU MHPOPMANMOHHO-00yHAIOIINX
CHCTEM JIJIAl JHEPreTHYECKUX BY30B

Huxonaii H. pi608"?, Kananmuaun T. Tanbaes'® ByGyaiima B. Bexxanosa'*, Ackap6ex K.
Kapmbimakos'”, Camar /I, Ymeranaues'*, Anpap I'. Cangxomxkaen?

1) DSc, mpod., KsIprei3ckuii rocynapcTBEHHBI TeXHUUeCKHil yHuBepcuteT uM. M. Pa3zakoBa, bumikek, 720024;
research(@mail.ru https://orcid.org/0000-0003-3196-0496

1.6 DSc, mpod., Keipreisckuii rocynapcTBeHHbI TexHUuYeckuil yHuBepcuteT uM. V. PassakoBa, bumkek, 720024;
jalal1603@mail.ru https://orcid.org/0000-0002-9460-2242
I JlokTopanT, KBIPrbI3cKHi TOCY/apCTBEHHBIH TEXHHUUYECKMH yHMBepcuTeT uM. WM. Passakosa, Bumikek, 720024;

bb.bekzh@gmail.com https://orcid.org/0009-0000-3681-4055

" Kannupar TexHudeckux Hayk, jgou, Candidate of Technical Sciences, Associate Professor, Kblpreizckuii rocynapcTBeHHbIR
TEXHUYECKHUI YHUBEPCHTET M. n. Pa33akoBa, buikek, 720024, a.karmyshakov@kstu.kg
https://orcid.org/0000-0003-3040-8480

!¢ Crapumii npenosiaBareib, kadeapa deKTpOMeXaHuKK, MHCTHTYT SHepreTukH, KbIprbI3cKuii rocyiapCTBEHHBIN TEXHHUECKUI
yHuBepcuteT M. . Pa33akosa, bumkek, 720024; samat_akilov(@mail.ruhttps://orcid.org/0009-0008-2696-9932

2 DSc, mnpod., TamkeHTCKHHi TOCyJapCTBEHHBIN TexHHYecKuit ynuBepcuteT, Tamkent, 100095, VYs36ekucran;
saidhodzaevanvar| @gmail.com
AkTyanbHocTh: HecMmoTps Ha cTpeMuTenbHOe pa3BUTHE HWH(OPMAIMOHHO-OOYYAIOIIMX CHUCTEM C

HCKYCCTBCHHBIM UHTCIJUICKTOM, Hp06neMa I[PII[aKTPI‘{eCKOﬁ 3(1)(1)CKTI/IBHOCTI/I UX NIPUMEHCHHS B TCXHUYECKUX By3ax
OCTacTCsAa Hepe].HéHHOﬁ. H03TOMy aKTyaJIBHOfI 3a7a4eii SIBJSICTCS aHAIN3 U pa3pa60'r1<a MCTOAOB ITOBBIIICHUSA
Z[I/IZ[aKTH'{eCKOﬁ Bq)(beKTI/IBHOCTI/I n KadyeCTBa 06pa3OBaTeJ'II)HOFO nponecca B TEXHUYCCKUX YHUBEPCUTCTAX C

10

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal
https://doi.org/10.5281/zenodo.16935106
https://doi.org/10.5281/zenodo.16935106
mailto:Nikolay_research@mail.ru
mailto:jalal1603@mail.ru
https://orcid.org/0000-0002-9460-2242
mailto:bb.bekzh@gmail.com
https://orcid.org/0009-0000-3681-4055
mailto:a.karmyshakov@kstu.kg
https://orcid.org/0000-0003-3040-8480
mailto:samat_akilov@mail.ruhttps://orcid.org/0009-0008-2696-9932
mailto:saidhodzaevanvar1@gmail.com
mailto:Nikolay_research@mail.ru
mailto:jalal1603@mail.ru
mailto:bb.bekzh@gmail.com
https://orcid.org/0009-0000-3681-4055
mailto:a.karmyshakov@kstu.kg
https://orcid.org/0000-0003-3040-8480
mailto:samat_akilov@mail.ruhttps://orcid.org/0009-0008-2696-9932
mailto:saidhodzaevanvar1@gmail.com

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

UCIIOBb30BaHIEM NH()OPMAITOHHO-00yYaIOIUX CUCTEM.

Hens pa6orsr: I[loBbimenne IunakTHIecKod 3()(HEKTUBHOCTH NMPOSKTUPOBAHMS M IPUMEHEHUS KOTHHTHBHBIX
aBTOMATHU3UPOBAHHBIX OOYUAIOIINX CUCTEM B SHEPTETHUECKUX By3aX.

Metoabl: B cBA3M C HENMHEHHOCTBIO M HEMpPENCKa3yeMOCThIO 00pa30BaTENbHOTO Ipollecca OCHOBHBIMU
MOAXOAAaMHM B  HCCICAOBAHMM  BBICTYNMJIHM  KOTHUTUBHO-CHCTEMHBIM,  CTPYKTYpHBIH,  3KCHEPTHBIMH,
PETPOCIEKTHBHBIM, (paKTOPHBIA, CTATUCTUYECKHH, KOPPEISUUOHHBIH, cuTyanuonHbiid, PEST-anamm3 u SWOT-
aHaIN3.

PesyasTater: B pabore mpemtoskeH MeTOA MOBBILECHUS IUIAKTHIECKOH S((OEKTHBHOCTH HCHONB30BAHUS
MH()OPMAIIMOHHO-00YJaIOINX CHCTEM ITyTEM BKIIOYEHHS 3JIEMEHTOB KOTHHTHBHOTO CHCTEMHOTO aHAM3a C
0oOpaTHOM CBSA3BI0 B aNTOPHTM (YHKIIMOHHPOBAHUS YUeOHBIX OSJIEKTPOHHBIX ycTpoiictB. OOpaTHas CBs3b
UH(POPMAIIMOHHO-00YYAIOINX CPEJICTB BKJIIOYAeT HOBBIC KOTHHUTHBHBIC KayecTBa OOYYAalOIIErocs W MOZCIH
BUPTYaJbHBIX 3JEKTPOHHBIX YCTPOWCTB pa3slHMYHOM CIOXKHOCTH, TIpe[JiaraeMblXx oOydJaromeMmycs Uit
npoekTupoBaHua. C Lelbi0 Pa3BUTUS HOBBIX KOTHHUTHBHBIX KauecTB B IIpoliecce OOyueHUs, MO pe3ynbTaTaM
Ka)XKIO0T0 3Tarna KOHTPOJIBHOTO TECTHPOBAHUS JMYHOCTHBIX XapaKTEPUCTHK, CTYISHT IO MeToauke A. B.
KpyTrkoBa npoxXoauT MCHXOKOPPEKIIMOHHYIO pPaboTy MO YCTPaHEHHIO HPPAMOHAIEHBIX HETaTHBHEIX YCTAHOBOK,
0OYCIIOBIICHHBIX BIIMSIHHEM Cymeparo. Takne yCTaHOBKH SIBIISIFOTCSI IIPHYMHOM IPOSIBICHUS HETaTHBHBIX (HOpPM
peakIyu Ha BIusiHKe oOmmecTBa. Kpome Toro, Halmmdre HeraTHBHBIX YCTAHOBOK B CO3HAHUH YeJI0BEKa 3HAYUTEIHHO
CHI)KAeT KOTHUTUBHBIE CHOCOOHOCTH K TBOPYECKOH e TeIbHOCTH.

KniodyeBble c/10Ba: KOTHUTHUBHBIE HWH(OPMAIMOHHBIE CHUCTEMbI, KOTHHTHBHBIH CHCTEMHBIH aHaIH3,
munakTadeckas 3QpQekTHBHOCTD, IICUX0(AKTOPBI 00YUEHUSI, TIHIHOCTHO-OPHEHTHPOBAHHBIN MOIXO/.
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Relevance: Despite the rapid development of information training systems with artificial intelligence, the prob-
lem of didactic efficiency of their application in technical universities has not yet been solved. Therefore, an ur-
gent task is the analysis and development of methods for improving the didactic efficiency and quality of the edu-
cational process in technical universities using information-training systems.

The purpose of this work is to improve the didactic efficiency of designing and applying cognitive automated
training systems for power engineering universities.

Methods. Due to the nonlinearity and unpredictability of the educational process, the main approaches in the re-
search were cognitive-systemic, structural, expert, retrospective, factorial, statistical, correlation, situational,
PEST analysis and SWOT analysis.

Results. This paper presents a method for improving the didactic efficiency of using information-training systems
by including elements of cognitive system analysis with feedback in the algorithm of functioning of training elec-
tronic devices. The feedback of information training tools includes new cognitive qualities of the student and
models of virtual electronic devices of varying complexity, which are offered to the student for design. In order to
develop new cognitive qualities in the learning process, based on the results of each stage of control testing of
personal characteristics, the student, according to the method of A.V. Krutikov, participates in psychocorrectional
work to eliminate irrational negative attitudes caused by the influence of the superego. Such negative attitudes are
the cause of the manifestation of negative forms of response to the influence of society. Moreover, the presence
of negative attitudes in the mind of a person significantly reduces cognitive abilities for creative activity.
Keywords: cognitive information systems, cognitive systems analysis, didactic efficiency, psychofactors of learn-
ing, personality-oriented approach.

1. Bgenenmne (Introduction)

Modern information training systems with artificial intelligence have a common drawback - low
didactic efficiency. This is especially true for information training systems for technical universities.
The reason for this is the position of the developers, according to which, information-training tools
during design are perceived by developers only as technical devices and the main accents of attention
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are focused only on new technical solutions of the developed electronic devices. With such a narrow
technical approach to design, the main goal of creating an information training system is not fulfilled -
didactically effective transfer of new knowledge. One of the ways to increase the didactic efficiency of
the designed technical training tools is the use of cognitive systems analysis, in which the information
technical system is considered as a cognitive system. Any cognitive technical system is a multi-level
hierarchical system of perception and processing of information about the external world, and the
methods of cognitive systems analysis of the system are focused on the study of its subject area.

Researchers attribute the beginning of the implementation of the creation of information automated
training systems to the works of B.F. Skinner, who in 1954 proposed the concept of linear programming
and the works of N.A. Krowder, who in 1960 proposed the concept of branched programming [1, 2].

In the early nineties of the last century, information systems appeared that had the functions of
adaptation to students and this already laid the foundation for the possibility of using a personality-
oriented approach in education when using technical training tools [3]. Nevertheless, for the
implementation of a personality-oriented approach, the results of diagnostics of the personal
characteristics of students are necessary, which must be taken into account by the information system
when forming the algorithm of the systems functioning. However, for the entire period of the creation
of information training tools, there have been no serious attempts to apply the results of
psychodiagnostics in the algorithms of automated training systems. An exception is some information
systems that take into account only the psycho-emotional state of the student [4].

To achieve the goals of increasing the didactic efficiency of the technical teaching aids used,
formalized results of a comprehensive systems analysis are required. As a variant of such a
comprehensive system analysis, N.V. Sofronova provides in her work [5], where she examines the
features of analyzing pedagogical systems using “cognitive system, structural, expert, retrospective,
factor, statistical, correlation, situational, PEST analysis and SWOT analysis” [5, p. 579]. V.G. Minenko
believes that the basis for analyzing pedagogical technologies should be qualimetric methods of analysis
in combination with experimental testing [6]. In order to study the dynamics of the functioning of the
information system, T.A. Tkalich proposes using the method of cognitive analysis using functional
graphs [7]. When identifying the specific features of the educational process, researchers traditionally
use a cognitive system approach aimed at studying the hypothesis about the functioning of the object
under study. One of the methods for studying cause-and-effect relationships when predicting the
pedagogical situation under study is the construction of cognitive maps. The cognitive map, as well as
the cognitive model, is presented in the form of a functional graph. This approach to the system analysis
of the educational process has limitations in the accuracy of the situation diagnostics, since the
completeness of checking such a cognitive model for adequacy depends on the completeness of the
basic knowledge, which, as a rule, is always insufficient.

The most significant for our research are the works of E.V. Lutsenko on the creation of automated
system-cognitive analysis (ASC-analysis), which is presented by the author of ASC-analysis as a
method of scientific knowledge using artificial intelligence. According to the concept of E.V. Lutsenko,
“scientific knowledge is carried out by creating a model of the object of knowledge and studying its
model”. In this case, the adequacy of the model is set as a condition, which should correctly reflect the
properties of the object [8, 9]. The advantage of ASC-analysis is that the system analysis is structured
not by stages, but by basic cognitive operations, which makes it possible to create various combinations
of system analysis for different purposes. E.V. Lutsenko proposed the following basic operations for
these purposes “— login assignment, perception, synthesis, abstraction, adequacy assessment,
forecasting, deduction, classification, comparison, decision-making” [8-10]. ASC analysis by E.V.
Lutsenko is essentially, an “analysis structured according to basic cognitive operations™ [10, p. 20].

2. Metoabl u maTepuaiibl (Methods and materials)

Due to the multifaceted and nonlinear nature of the educational process, the basis of our research in
the study of information training systems is cognitive system analysis, but more complete information
in the study of pedagogical situations and the educational process as a whole is provided by the inte-
grated use of individual components of the following types of analysis "- cognitive system, structural,
expert, retrospective, factor, statistical, correlation, situational, PEST analysis and SWOT analysis". For
each stage of the study of the functioning of the information training system, it is advisable to use the
type of analysis oriented to the local research task. With a general methodological approach and identi-
fying the links between the components, the methods of system and structural analysis are effective.
When assessing and monitoring the functioning of the system, it is advisable to use expert analysis.
Retrospective analysis has proven itself well in identifying problems in operation. Due to the nonline-
arity and unpredictability of the pedagogical process, when studying the qualitative characteristics of
educational components and identifying cause-and-effect relationships between the components, the
use of cognitive analysis is effective. When analyzing and comparing the results of the educational
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process, correlation and statistical analysis will be useful. Due to the unpredictability of the pedagogical
process in cases of external environmental impact, to which the system is unable to respond, a situational
analysis is necessary using PEST analysis and SWOT analysis, which assesses the "strengths and weak-
nesses of the development of the object under study in their interaction."”

3. Pe3yabTaThl u 06cy:kaenue (Results and discussion)

At present, traditionally systemic cognitive analysis of educational technologies using automated
technical means is used in monitoring, control, forecasting the quality of education, as well as in deci-
sion-making in conditions of nonlinearity and unpredictability of the educational process. Methods for
applying automated systemic cognitive analysis in decision-making and monitoring the quality of the
educational process are described in detail by E.V. Lutsenko in his works on automated system analy-
sis (ASC analysis) [8-10].

In our work, we propose to expand the scope of application of cognitive systemic analysis methods
in the creation of information training systems for technical universities.

In accordance with the ASC analysis procedures, at the initial stage of cognitive systemic analysis,
a formalizable cognitive concept is created, the subject area is formalized, the subject area models are
synthesized, and the research object is verified and analyzed. Then, we propose to apply improved sys-
temic cognitive analysis with feedback directly in the functioning algorithm of the information training
system. The feedback of information training tools includes new cognitive qualities of the student and
models of virtual electronic devices of varying complexity, which are offered to the student for design.
In this case, new cognitive qualities of the student are formed based on the results of psychocorrectional
work carried out according to the methodology of A.V. Krutikov [11]. Psychocorrectional work to im-
prove the personal qualities of the student is carried out based on the results of psychodiagnostics, which
reveals the level of influence of psychofactors influencing the educational process. Psychofactors influ-
encing the educational process characterize the impact of irrational negative attitudes caused by the
influence of the superego. The presence of negative attitudes in a person's consciousness significantly
reduces cognitive abilities for creative activity. Negative attitudes themselves are the cause of the man-
ifestation of negative forms of personality response to the influence of society.

In order to develop new cognitive qualities in the learning process, based on the results of each stage
of control testing of personal characteristics, the student, using the method of A.V. Krutikov, partici-
pates in psychocorrectional work to eliminate irrational negative attitudes caused by the influence of
the superego.

In these studies, the results of psychodiagnostics are used not only to conduct psychocorrectional
work, but also to form new elements of system analysis - cognitive elements of psychofactors. As a
result of introducing new elements into system analysis, we obtain an expanded functionality of system
analysis with new qualities.

In order to create an information training system using cognitive methods of training with feedback,
we propose a concept of a method for designing electronic devices using elements of cognitive system
analysis, which is used to teach students circuit design of complex electronic devices.

For each branch of scientific research, an application is made to technical universities for the neces-
sary profiles of engineering activity. Then, technical universities prepare design engineers for special
design bureaus. In the traditional concept of training developers of highly complex electronic devices,
the design engineer, as a rule, repeatedly participates in the design of devices for three to seven years,
during which the engineer improves his qualifications to the level of a highly trained specialist.

To solve the problem of training high-level specialists, a systemic approach is proposed using the
methodology of systemic cognitive analysis. The structural diagrams of the traditional and proposed
concepts are presented in Figure 1. Unlike the traditional concept, the proposed concept does not impose
increased requirements on the engineer’s qualifications. Ordinary engineers and even young specialists
and students can be involved in the design. The design engineer is actively involved in systemic design,
the cognitive feedback of which includes personal characteristics and psychofactors of the developer of
an electronic device. During the design, the developer participates in the management of the design
training process, in which he gradually improves the technical characteristics of the designed device
and simultaneously improves himself as a specialist. And then the object becomes the subject of the
design process. At the same time, based on the results of each stage of psychodiagnostics, the designer
works to improve his personal qualities using the method of A.V. Krutikov [11]. The designer is trained
in circuit design using training electronic devices that take into account the psychofactors and results of
the academic training of the developer.
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Fig 1. Traditional (a) and proposed (b) concepts of methods for designing electronic devices, using
elements of cognitive systems analysis

The algorithm of functioning of electronic training devices, shown in Figure 2, is as follows. An
electronic training device for teaching electronic device design uses a system analysis technique with
cognitive feedback. The feedback of the software and hardware of the information training system in-
cludes models of electronic units of varying complexity, as well as the cognitive qualities of the devel-
oper of electronic equipment.

Electronic training devices contain a main control part that provides algorithms for controlling the
device and a variable part in the form of ten modules of varying complexity similar in functionality,
which are offered to the student for design. The most complex module offered to the student for de-
sign is confirmed by a patent for an invention.

The training electronic device receives information from the psychodiagnostic unit on the personal
characteristics of the student in the form of ten levels of the student's readiness to develop electronic
units of a certain complexity.

Based on the results of psychodiagnostics and academic testing, the electronic training device of-
fers the student one of ten options for built-in modules.

Based on the results of the primary psychodiagnostics and primary academic testing, the student is
offered a simple model of an electronic unit for development. The student calculates the parameters of
the electronic components of the proposed device, and models the developed unit in one of three soft-
ware environments.

The model of the electronic unit developed by the student is evaluated by the training device and,
based on the results of the work analysis, the student is offered to create a similar unit of higher com-
plexity with improved characteristics. The improved model of the electronic unit is also evaluated by
the training device and, based on the results of the analysis, the student is offered to design a unit of
even greater complexity. The final result is the student designing a highly complex electronic unit, the
technical solution of which has scientific novelty and is confirmed by a patent for an invention. Such a
methodology of system analysis, applied in the training device, assumes a real output in the form of
new technical solutions. The proposed concept of circuit design assumes mandatory psychocorrectional
work of students based on the results of psychodiagnostics. For these purposes, it is necessary to identify
psychofactors that affect the learning process in a specific training profile. The set of identified psy-
chofactors for humanitarian and technical universities will be different depending on the specifics of
the disciplines studied. In our case, for the purposes of circuit design of electronic devices, from the
seventy-seven psychofactors proposed by teachers and psychologists, five main and fourteen additional
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psychofactors influencing the educational process were identified using correlation analysis. The mag-
nitude of the influence of psychofactors on the academic performance of students studying circuit design
is determined using the Spearman rank correlation method:
24
p=1-6" ()

n—-n
where p is the Spearman correlation coefficient; d2 is the square of the difference in ranks of the criteria
under study; 7 is the number of criteria.

Start _ 10 psychofactor
Testing and — | coefficientvalues
psychodiagnostics P=1,2..10
\
Set of functional | ___| 10 modules
modules N=1, 2..10
A4
Selecting a
function module |
Function module
design Request module
N+1

|

. No
Studiymg Evaluation
gl’evt?US | of technical
en::?e:*?:Ia solution
Stop

Fig. 2. Algorithm for the functioning of the training device

Table 1 and Figure 3 show the results of the correlation analysis of psychofactors.

As can be seen from Table 1 and Figure 3, the dependence of the studied features between academic
performance and the results of testing psychofactors is statistically significant only for the first five
psychofactors. According to the Chaddock scale, the strength of the connection between the first five
psychofactors is high, the values of the correlation coefficients are pobs>pcrit, therefore the dependence
of the features is statistically significant (p<0.05).
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Table 1. Spearman's rank correlation coefficients between academic performance and psychofactor

testing results.

Ne Name of the psychofactor Correlation
psychofactor coefficient p

1 2 3

1 Personality dependence on all types of fears 0,892

2 Personality dependence on material excesses 0,826

3 Personality dependence on inflated self-esteem 0,882

4 Responsibility for one's actions 0,809

5 Personality dependence on low self-esteem 0,779

6 Understanding 0,193

7 Remembering 0,150

8 Comprehension and assimilation 0,180

9 Focus on content 0,160
10 Activity of the leading type of memory 0,150

11 Depression 0,156

12 Irritation 0,141

13 Resentment 0,136

14 Guilt 0,110
15 Verbal dependence 0,072

16 Emotional dependence 0,080

17 Dependence on achievements 0,041

18 Self-demanding 0,050

19 Demanding of others 0,060

] 7
0,9
0,8
0,7
0,6
0,5
0,4
0,3 | S e
0,2 I I
(ARRRRARRNARRRY
0,1
s I NPT

1234567 8 910111213141516171819202122232425262728293031

Psychofactor No

Fig. 3. Correlational relationship between academic performance and psychofactors

According to the concept of the author of the correctional method A.V. Krutikov, the first psychofac-
tor is the main one [11]. This psychofactor is the cause of the formation of all other psychofactors.
Therefore, the correlation analysis was carried out relative to the first main psychofactor (see Fig. 4 and

Table 2).

According to the conducted correlation analysis, a dependence was revealed only between the first
five psychofactors. In accordance with the Chaddock scale, the strength of the connection between them
is high, the values of the correlation coefficients pobs>pcrit, therefore the dependence of the features is
statistically significant (p<0.05).

According to the conducted correlation analysis, five main psychofactors and fourteen additional

ones, from the sixth to the nineteenth psychofactor, were identified.
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Fig. 4. Correlation between psychofactors

Table 2. Spearman's rank correlation coefficients between the main first and other psychofactors

Ne Coeffic. Ne Coeffic. Ne Coeffic. Ne Coeffic.
psycho- Correlat. | Psychof. Correlat. | Psychof. | Correlat. | Psychof. | Correlat.
factor p p p p

1 2 3 4 5 6 7 8

1 0,908 21 0,096 41 0,124 61 0,111

2 0,831 22 0,130 42 0,079 62 0,089

3 0,877 23 0,124 43 0,092 63 0,071

4 0,811 24 0,084 4 0,118 64 0,124

5 0,138 25 0,073 45 0,057 65 0,092

6 0,187 26 0,121 46 0,073 66 0,079

7 0,191 27 0,083 47 0,084 67 0,062

8 0,133 28 0,111 48 0,113 68 0,114

9 0,174 29 0,054 49 0,089 69 0,097

10 0,110 30 0,072 50 0,116 70 0,069

11 0,150 31 0,091 51 0,087 71 0,093

12 0,112 32 0,037 52 0,108 72 0,104

13 0,138 33 0,072 53 0,059 73 0,076

14 0,119 34 0,104 54 0,113 74 0,092

15 0,157 35 0,077 55 0,102 75 0,079

16 0,146 36 0,046 56 0,073 78 0,058

17 0,162 37 0,112 57 0,094 77 0,062

18 0,158 38 0,084 59 0,037

19 0,132 39 0,075 59 0,108

20 0,151 40 0,046 60 0,081

Correlation analysis showed that when psychodiagnostics of personal characteristics of students, it
is necessary to take into account the first five psychofactors and, according to the recommendations of
the university psychologist, supplement the set of psychofactors from the list from the sixth to the nine-
teenth psychofactor.

According to the algorithm of the functioning of the electronic training device, the result of psycho-
diagnostics is used to form the cognitive elements of psychofactors and to form a generalized criterion
for testing psychofactors, the value of which determines the level of complexity of the task option for
the level of complexity of the designed module.

The generalized criterion of psychofactors is formed based on the results of the convolution of cri-
teria into one generalized criterion of psychofactors.

In this work, the convolution of psychofactors was carried out using the Fishburn method.

The weighting coefficients of psychofactors are determined from the expression:

_24(n-i+l)
" n(n+l)
where w is the weight coefficient of the psychofactor; # is the number of psychofactors; i=1,....n.
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The generalized criterion of psychofactors is determined from the expression:

kp, = Zn:Wiki > 3)
i=1

where kPs is a generalized criterion of psychofactors; w is a weight coefficient of a psychofactor; # is a
number of psychofactors; i=/,....n.

When designing automated cognitive training systems and their training modules, it is necessary to
monitor the quality of the educational process at each stage. Quality control involves various ap-
proaches, according to which researchers understand the quality of the educational process as levels of
professional qualifications, upbringing and social preparation [12].

The main difficulties in monitoring and controlling the quality of training are associated with the
nonlinearity and unpredictability of the learning process. Therefore, when creating an expert model of
the quality of the educational process for teaching circuit design, it is necessary to have modules for
psychodiagnostics of personal characteristics and modules for testing the student's academic preparation
in the software and hardware.

The expert model for monitoring and controlling the quality of training in our studies was obtained
based on improving the quality model of S. A. Gordienko, presented below in expressions (4-6) [13,
14]:

K, ,=v,=v,+(v,—v,)x f,(AG,P,

; mor 1) s “4)
where vj is the relative coefficient of the student's preparation based on the results of the j-t4 lesson.
The relative coefficient of the student's preparation is the intensity of the error flow (incorrect answers)
identified based on the results of the j-¢k lesson; vj varies from one to zero. One corresponds to 100%
of incorrect answers. Zero corresponds to the absence of incorrect answers; v0 is the relative coefficient
of the student's academic preparation at the beginning of the training. Variates from zero to one; v3 is
the specified relative coefficient of the student's academic preparation. Variates from zero to one; AO
is the duration of the knowledge teaching cycle during the j-th lesson, in hours; T is the total training
time in hours; j =1, 2, 3,...n is the number of lessons according to the training plan; is the function
corresponding to the error flow; P,y is the generalized coefficient of the efficiency of the training pro-
cess using information technology.

Kyoom =Py =Ry .[1_( N (| O, )"I‘;)J . 5)

The relative coefficient of a student's preparation based on the results of the j-tA lesson can be found
from the expression:

J y -At —(5 WAL
v =, =) TTA-AL Ry, (1= = (1= ) q) ] (©)
j=1

where ¢ is the relative coefficient of perception of the understood material at the end of the j-1 lesson.
It varies from zero to one; ¢ is the feedback coefficient, which characterizes the identification of correct
answers at the beginning of the j-tA lesson. It varies from zero to one. At one, all answers are correct;
Atj is the relative coefficient of training time. As the number of lessons increases, the coefficient in-
creases from zero to 1 and is calculated using the formula:

In order to improve the model of the expert system of the quality of the learning process proposed
by S.A. Gordienko, we will introduce new coefficients into expressions (5) and (6), taking into account
academic preparation, the results of psychodiagnostics and new cognitive qualities based on the results
of psychodiagnostics and correctional work.

The newly introduced coefficient of psychofactors P affects the perception of the studied material.

The coefficient of psychofactors P has ten values and changes from 0 to 1. The newly introduced
coefficient of the results of psychodiagnostics P takes into account the identified personal characteristics
of the student and the level of academic training of the student. The coefficient of psychofactors P is
characterized by ten levels of the student's readiness to design a certain complexity. The first level
corresponds to the lowest level of the student's preparation for circuit design. The tenth level corre-
sponds to the highest level of the student's preparation for circuit design.

The newly introduced coefficient of feedback F takes into account the student's choice of a func-
tional unit of the corresponding complexity.

The training simulator contains a set of functional electronic units of ten levels of complexity. There-
fore, the coefficient of feedback F also has ten values corresponding to ten levels of complexity of the
units proposed for design.
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The coefficient of feedback F displays the identification of correct answers at the beginning of the
J-th lesson.

Taking into account the newly introduced coefficient P, the relative coefficient of perception of the
understood material ¢ can be found from the expression:

S =(1-¢"). (7

Taking into account the newly introduced coefficient F, which takes into account the student’s
choice of a functional unit of the corresponding complexity, the feedback coefficient q can be found
from the expression:

q,=By(1-¢"), ®)

where B0 is the coefficient of identifying correct answers at the beginning of the j-th lesson.

Taking into account the newly introduced coefficients, the generalized coefficient of the efficiency
of the learning process when using P,n, information technology tools and the relative coefficient of the
student’s academic preparation based on the results of the j-t4 lesson will take the following form:

P o5 = RaH .[1 _ (e*(l—e’l’/fl At (1 _ e*(l*e"’/fl )AL ) . Bo (1 e h ))} ’ (9)

omo

J ~h-1y. -B .
vj.:(vg—vo)-||(1—Ati-R3H_-[1—(e*“*e N (— e )'A”)~Bo(l—e"F"))} (10)
i=1

where R,, is the degree of previously acquired knowledge.

Substitute the numerical values into expressions (9), (10).

Numerical values of the variables:

AO — 32 hours; T — 32 hours; v; =0.95; v4=0.1; j from 0 to 16 (0, 1, 2, 3...16); R3u =0.9; B, changes
from 0 to I; 6; changes from 0 fo 1; gj changes from 0 to 1; A¢ changes from 0 to 1 (0; 0.0625; 0.125;
0.250; ...1 with a step of 0.0625), P; changes from 0 fo I (10 values with a step of 0.1); Fj changes from
0 to 1.3 (10 values with a step of 0.13).

As a result of the accepted numerical values, according to the calculation results, we obtain the
dependencies of the generalized coefficient of the efficiency of the design training process using infor-
mation technology tools and the relative coefficient of the student's preparation, which is the intensity
of the error flow (incorrect answers) identified based on the results of the j-t4 lesson.

The obtained dependencies of expressions (9) and (10) are the initial data when monitoring the qual-
ity of the training process.

Figures 5 and 6 show graphs of families of curves of the generalized coefficient of the efficiency of
the design training process using information technology tools P,., and the relative coefficient of the
student's preparation vj family of curves for different values of the coefficient of psychofactors (P) for
different values of the coefficient of psychofactors (P).
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Fig. 5. Dependence of v; on j for different values of the coefficient of psychofactors P. Dependence
of v; onj for different values of the psychofactor coefficient P: v(j) at P=0.1; Rkn=0.9; Bo=0,5; vo=0,1;
v(j) at P=0,3; R3u=0,85; Bo=0,5; vo=0,15; v(j) at P=1; R3n=0,9; Bo=1 vo=0,2
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Fig. 6. Dependence of Pomo on j for different values of P. Dependence of Pomo on j for different
values of P: Pomo(j) for P=0.1, Rkn=0.9, Bo=0.5, v0=0.1;, Pomo(j) for P=0.3, Rkn=0.85, Bo=0.5,
v0=0.15; Pomo(j) for P=1, Rkn=0.9, Bo=1, v0=0.2

4. 3axmawuyenue (Conclusion)

1. The implementation of the didactic efficiency of designing and using cognitive learning systems
is possible only if the developers perceive pedagogy not only as a subject area of knowledge, but also
as a specific part of management theory.

2. Any educational process, with the use of automated learning tools and without technical means,
in any case, should be based on a personality-oriented approach to education.

3. The cognitive learning system should contain automated monitoring and psychodiagnostics
tools to identify the personal characteristics of students.

4. The use of psychodiagnostics results for the purpose of forming new additional elements of cog-
nitive systems analysis expands the functionality of cognitive systems analysis and increases the effi-
ciency of the learning system.
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