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A FUZZY MODEL FOR THE ASSESSMENT OF FACTORS AFFECTING
THE CHOICE OF AN INSTITUTION OF HIGHER EDUCATION

Abstract. The proposed approach to the formalization of models of development projects and the
development of a higher education institution (HEI) provides the possibility of modeling (research),
processes of training future specialists and development with the selection of points of origin of projects
for the implementation of management tasks. This makes it possible to simplify the description of the main
processes of vocational training and to build models for the analysis of improvements through the system
of quality and development in the training of specialists in vocational training. In order to conduct higher
education diagnostics and form harmonized decisions in higher education development programs in the
system of higher education, it is advisable to use programs for the development and management of
business processes, the management functions of which are focused on the analysis of the state of the
higher education institution and management functions that ensure a successful and less expensive result
of higher education development with taking into account the increased requirements of the external
environment and the labor market. One of the conceptual provisions of the development of information
technologies and education management systems is the further development of information provision in
the formation of a single perfect information environment, informatization of education management
systems, and evaluation of the quality and effectiveness of training specialists for the production
industries, taking into account the requirements of the labor market, production and modern development
of science. The proposed technique and method of comprehensive assessment of the quality of education
of graduates of higher education institutions with the help of IT on the basis of indicators and indicators
of quality, according to quantitative and qualitative factors, their composition, taking into account the
needs of production, the requirements of the external and internal and educational environment. Thus,
the main technology of education quality management is the most widespread component of artificial
intelligence - fuzzy systems. Thanks to its combination with classical models and methods of ensuring the
process of management of higher education institutions, it was possible to obtain wider opportunities for
working out those parameters that until then had not been considered due to their qualitative nature. It is
advisable to include the following input components to the main indicators: finance, training and
development, competence, satisfaction, requirements and assessment of higher education institutions, etc.

Keywords: information systems harmonization; current fuzzy model; genetic algorithm scheme;
property functions
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Ingpopmamuszayis suwoi oceimu

Introduction

In the conditions of today's intensive problem of
obtaining quality education, the seeker of educational
services faces the problem of choosing among the
available institutions of higher education precisely those
that, when investing in the educational process of the
most important human resources, will bring the greatest
result from a complete, complete and high-quality
education. However, each of the considered HEI is
subject to the influence of various influencing factors:
social, administrative, economic, political,
environmental, etc. Of these factors, less than 10% can
be measured by standard methods, and all others are of
a qualitative nature. In view of the above reasons, a
choice was made in favor of fuzzy sets, which are the
basis of the proposed model for assessing factors
influencing the choice of higher education institutions.

Analysis of sources

Among the available sources that highlight this
issue, special attention should be paid to the following:
in [1; 2; 5] a model is considered, the basis of which
was used by the authors to build the current fuzzy
model; in [3; 4], the scheme of the genetic algorithm, as
well as its main components, is disclosed in full; and
finally, in [5; 6], the process of fuzzy derivation, which
was proposed by Mamdani, is described in detail.

Main part

To increase the effectiveness of the use of options
for comparison and selection of higher education
institutions for the needs of the recipient of educational
services due to the considered model of fuzzy
assessment of influencing factors. To increase the
quality characteristics of the provided educational
services and, accordingly, to improve the effectiveness
of training from the point of view of minimizing the
expenditure of time and money in their daily affairs.

As mentioned above, this model is the result of
combining the most popular methods of strategic
analysis and artificial intelligence. The general
appearance of this model is presented in [7].

It is soft computing as a branch of artificial
intelligence due to its simplicity and approach to
reflecting human thinking that was chosen to build a
fuzzy model of the evaluation of the HEI.

Since there are many groups of influencing factors
and new ones inevitably appear in the process of
research, it is necessary to group them in such a way
that it is possible to work with them conveniently. For
this purpose, a SWOT analysis was chosen, thanks to
which, regardless of the number of investigated groups
of factors, the work will be carried out in the end with
only four categories: strength (S), weakness (W),
opportunity (O) and threat (T).

And just to describe the influence of the relevant
SWOT categories, that is, the result (R), as well as to
provide more flexibility and expand the framework of
the obtained results, Zade's fuzzy logic was used.

Membership functions of fuzzy sets, which
describe SWOT categories, have a non-standard form,
since their construction involved the opinions of experts
in the assessment of urban health and safety centers to
make the task more practical. The corresponding
calculations were performed [6] using the formula:
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Accordingly, in the process of their construction,
all the requirements for property functions were taken
into account, so that they have the correct set
uncertainty. Therefore, the received terms describe this
model according to the existing reality on the
construction market.

Each of the four SWOT categories is described as
fuzzy sets according to a template that describes the
structure of the attribute functions. Thus, there are the
following terms, in the number equal to five [6 — 9, 11],
which have the following general hames:

— minimal (for S: negative, for W: poor, for O:
negative, for T: poor and for R: negligible);

— medium-minimum (for S: satisfactory, for W:
satisfactory, for O: satisfactory, for T: satisfactory and
for R: small);

— average (for S: more than satisfactory, for W:
more than satisfactory, for O: more than satisfactory, for
T: more than satisfactory and for R: average);

— medium-maximum (for S: moderately positive,
for W: almost good, for O: moderately positive, for T:
almost good and for R: almost great);

— maximum (for S: positive, for W: good, for O:
positive, for T: good and for R: great).

In order to give this model dynamism, or in other
words, the ability to change over time, a technology
known as a genetic algorithm was used.

In other words, the membership functions of fuzzy
sets were obtained thanks to the opinions of experts on
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the evaluation of the El. But since the assessment can
change, a mechanism is needed to automate this
process. The solution was the use of an evolutionary
approach.

Thanks to him, such concepts and possibilities as
gene, individual, population, adaptation function, etc.
were used, so that it was possible to change the type of
belonging functions. In fig. 1 shows an example of the
initial population of a fuzzy set.

From the figure above, it can be seen that the
genes were used to display the values (in fact, this is the
number of expert votes that evaluated a specific value of
the universal set U. The value is obtained by dividing
this number by the number of involved expert votes. For
ease of presentation, the authors call it number), and
individuals — to display the functions of belongings.
The population obtained in this way is nothing but a
fuzzy set.

The production system consists of a base of rules
orset of rules, working memory and logical
conclusion.Working memory (WP) is short-term
memorystorage in which the describing conditions are
storeda specific subject area (in this case,of free urban
territory for residential construction)and the results
obtained on their basis.Output mechanism or logical
output — usefollows the rules in accordance with the
content of the working memory.

Rules can be described using AND-OR-treesNO
[2]. Fig. 1 shows a fragment of this datatrees.
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Figure 1 — Initial population and its fitting functions

Using genetic algorithm methods: selection
(Fig. 2), crossing and mutation — we will get the final
population.
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Figure 2 — Tournament selection with winning individuals

The picture shows the result of the tournament
selection with the winners. As can be seen from this
graphic diagram, the winners were those with the largest
fitness function.

As mentioned above, during the execution of the
evolutionary algorithm, situations may arise when the
membership function ceases to meet the requirements
imposed on it according to the theory of fuzzy sets. It is
about its visual appearance, when a concave function
can come out. To correct this problem, mutation is used.
An example of its application is presented in Fig. 3.

Since in these rules there is a function "tokey OR",
then the tree is built taking it into account.Functions
whose images were used totree doves (Fig. 1) are
presented in Fig. 2.

_______

Figure 3 — Membership function before
and after using mutation

The result obtained after applying the genetic
algorithm will be the same fuzzy set, but with different
values for its property functions.
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To illustrate this process, Fig. 4, where two
"temporary snapshots” of the membership functions of
the fuzzy set describing the "Strength" category are
presented: obtained before the application of the genetic
algorithm based on the opinions of experts (in the form
of dashed lines) and after its application (in the form of
solid lines).
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Figure 4 — View of the property functions
of the final population

The fuzziness obtained in the evaluation of the
ZVO can be reduced to a specific number using a
technique known as fuzzy logic derivation. Its methods
(aggregation, accumulation, defuzzification) make it
possible to translate a vague estimate into a clear,
unambiguous one. Among the existing technologies, the
one that uses the simplest methods proposed by scientist
Mamdani [6 — 9; 11 — 14] was chosen.

Applying the Mamdani method to the obtained
property functions, 2 results were obtained on the basis
of which a test graph was constructed (Fig. 5), which
indicates that the genetic algorithm is more careful in
working with influencing factors, which provides ample
opportunities for further evaluation of factors and their
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&4

0,8 -
0,6 1
0,4
0,2 1

0
0,2 4
0,4 -
'ejﬁ B

.\-o

-8,35

Figure 5 — Graph of the influence of factors of a pair of
categories S and O on the test plot of land

On the basis of the considered model, an analysis
of 10 specific institutions of higher education in the
city of Kyiv was carried out Appendix "Strength".

The graph obtained as a result (Fig. 6) directly indicates
that the best educational institution is number nine (the
value is taken at the maximum).
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Figure 6 — Graph of influence of factors
of all four pairs of SWOT-analysis categories

Conclusion

1. One of the conceptual provisions of the
development of information technologies and education
management systems is the further development of
information provision in the formation of a single
perfect information environment, informatization of
education management systems, and evaluation of the
quality and effectiveness of training specialists for the
production industries, taking into account the
requirements of the labor market, production and
modern development science

2. The proposed techniqgue and method of
comprehensive assessment of the quality of education of
graduates of higher education institutions using IT
based on indicators and indicators of quality, according
to quantitative and qualitative factors, their composition,
taking into account the needs of production, the
requirements of the external and internal and
educational environment. It is advisable to include the
following input components in the main indicators:
finance, training and development, competence,
satisfaction, requirements and assessment of enterprises,
organizations, etc.

Proposed strategic goals and connections for the
management of higher educational institutions and
developed a balanced balanced system of indicators
with their gquantitative values from the following main
groups: finances, services, the learning process and
professorial staff, which allows to analyze the global
strategy for the development of higher educational
institutions and connect it with operational plans and
tasks and to make an objective management decision on
specific development issues.
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Ingpopmamuszayis euwoi oceimu

HEYITKA MOJIEJIb OITHKA ®AKTOPIB BILIMBY HA BUBIP 3AKJIAZTY BAIIOI OCBITH

Anomauia. 3anpononoganuii nioxio do ¢opmanizayii modeneti npoekmie po3eumky 3axnady euwoi oceimu (3B0O)
3abe3neyye MOJNCIUBICIb MOOENIOBAHHS  (OOCHIONCEHHsL) Npoyecié HasyanHs maubymuix axieyie i po3gumky 3
BUOKDEMIIEHHAM MOYOK 3apOONCEHHs NPOEKMIG 015l 30LUCHeH s 3a0ay ynpaeuints. Lle 0ae 3moey cnpocmumu onuc 0CHOBHUX
npoyecie 3BO i nobydysamu mooeni aHanizy notinuiens yepes CUcmemy SKoCmi i po36UmKy nio 4ac HAGYAaHHs CReyianicmis y
3BO. [na npogedenns diacnocmuxu 3BO i ¢popmysannsa eapmonizoeanux piwens y npocpamax possumky 3BO 6 cucmemi
BUWOT WIKOIU OOYINLHO GUKOPUCIAMU NPOSPAMU PO3POOIEHHS Ma Kepy8aHHs bI3Hec-npoyecamu, QYHKYIT YNPAGIIHHS AKUX
OpICHmMOBaHi HA aHaNi3 CMAHy 3aK1a0y euwjoi oceimu i QyHKyii ynpaeninms, wo 3abe3neuylomv YCHIWHUL [ MeHul
sampamuutl pezynomam po3eumky 3BO 3 ypaxy8anHam nOCUIEHUX 8UMO2 306HIWHBO20 cepedosuuya i punky npayi. Oonum i3
KOHYEeNnmMyanbHUuX noJI0H#CeHb PO3GUMKY IHGOPMAYiliHuX MeXHON02Il i cucmem YNpaeiiHHs 0C8imMoI0 € NOOANbUUULL PO3GUIMOK
ingpopmayitinoco 3abesneuenus y GOpmMy8anni €0UHO20 OOCKOHANO20 IHGopMayilino2o cepedosuwya, ingopmamusayii
cucmem ynpasiiHHs 0CEIMOK ma OYIHIOBAHHS AKOCMI 1l eqheKmuUeHOCmi Ni020MO8KY Cneyianicmie 05 2any3el eupoOHUYmea
3 YPAXYBAHHAM 6UMOZ DUHKY Npayi, SUPOOHUYME i CYYACHO20 PO3BUMKY HAVKU. 3anponoHOBAHO MemOOUKy i Memoo
KOMNIEKCHO20 OYIHIO8aHHs axocmi oceimu eunyckhuxie 3BO 3a donomoeorw IT nHa 0cHOSI nokasHuxié ma iHOUKAmMopie
aKocmi (3 KIMbKICHUMU mMa AKICHUMU YUHHUKAMU), IXHbO20 CKIAO0Yy 3 YVPAXYBAHHAM HOmMped SUpOOHUYMSA, BUMO2
306HIUIHBLO20, BHYMPIWHBO20 A 0CEIMHLO2O cepedoguy. Omoice, OCHOBHOW MEXHOLOZIEN YRPABGNIHHA AKICMIO 0C8Iimu €
HaUbIbuL PO3NOECIOONCEHA 8 NPAKMUYHIL OIIbHOCII KOMHOHEHMA WMYYHO20 THMeNeKmy — Heuimki cucmemu. 3asoaxu it
NOEOHAHHIO 3 KIACUYHUMU MOOeIAMU | Memooamu 3a6e3neyeHHs npoyecy Kepy8auHs 3aKIa0amu 6Uuiyoi oceimu 80anoch
ompumamu 6inbW WUPOKI MOACTUBOCHI 00 ONPAYIOBAHHI CAMe MUX Napamempis, siki 00 Yybo2o 00800UNOCS He PO32aA0amu
uepe3 ixHIO AKiCHY npupoody. [0 OCHOBHUX NOKA3HUKI@ HANEHCamb MAKi 6XiOHI KOMNOHeHmu: (IHAHCU, HABYAHHA md
PO3BUMOK, KOMNEMEHMHICMb, 3a00601eHicmb, dumoau i oyinka 3BO mowo.

Knrwuoei cnoea: ingpopmauiiini cucmemu zapmouizayii; nomouHa HeyimKa MoOenb; cXema 2eHeMUUHOZ0
anzopummy; QynKuii Hanexicnocmei
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