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INFORMATION SUPPORT FOR THE ANALYSIS OF SKILLS AND ABILITIES OF UNIVERSITY
STUDENTS

In the below article, the application of the fuzzy logical conclusion method is considered as decision-maker in the process of analyzing the students
skills and abilities based on the requirements of potential employers, in order to reduce the time of the first interview for potential candidates on a
vacant position. When analyzing the results of the assessment of the competence of university students, a certain degree of fuzziness arises. In modern
practice, fuzzy logic is used in many different assessment methods, including questioning, interviewing, testing, descriptive method, classification
method, pairwise comparison, rating method, business games competence models, and the like. Each of the methods has its advantages and
disadvantages, but they are effective only as part of a unified personnel management system. As a method for implementing a systematic approach to
the assessment of the contingent of students, it is proposed to use fuzzy logic, a mathematical apparatus that allows you to build a model of an object
based on fuzzy judgments. The use of fuzzy logic, the mathematical apparatus of which allows you to build a model of the object, based on fuzzy
reasoning and rules. The most important condition for creating such a model is to translate the fuzzy, qualitative assessments used by man into the
language of mathematics, which will be understood by the computer. The most used are fuzzy inferences using the Mamdani and Sugeno methods. In a
fuzzy inference of the Mamdani type, the value of the output variable is given by fuzzy terms, in the conclusion of the Sugeno type, as a linear
combination of the input variables. Research in the field of application of fuzzy logic in socio-economic systems suggests that it can be used to assess
the competencies of university students.
Keywords: choice of alternatives, fuzzy logic, automated information system, fuzzy conclusion, fuzzy judgments, aggregation of alternatives

JI. JI. OPJIOBChKHH, A. M. KOIIIT, 0.0. KY3bMIH

IH®OPMALINHA MIATPUMKA AHAJII3Y HABUYOK TA 3AIGHOCTE KOHTUHTEHTY
CTYJEHTIB BUIIIOT'O HABYAJIBHOI'O 3AKJIALY

V nawiit po6oTi pO3IrIAHYTO 3aCTOCYBAHHS METO/y HEYiTKOTO JIOTi4HOrO BHCHOBKY [UIS MiATPUMKH NPHUIHATTS PillleHb B 3a7a4axX aHaili3y HaBUYOK Ta
31i0HOCTeH KOHTUHIEHTY CTYJCHTIB BHXOAAYM 3 BUMOI MOTEHLIHMX poOOTONABIIB, 3 METOK 3MEHILUEHHS Yacy Ha IIepBUHHY 00poOKy iH(opmariii
II0/I0 TOTCHIIHHNX KaHANIATIB HA BaKaHTHY mocaxy. [1ix yac aHamizy pe3ysibTaTiB OLIHKHA KOMIETEHTHOCTI cTyaeHTiB BH3 BuHnKae meBHa cTymiHb
HEYITKOCTi. Y Cy4acHill NpaKkTHIi HEYiTKa JIOriKa 3aCTOCOBYEThCS y OaraTboX Pi3HHX METOAaX OIIHKH, y TOMY YHCIi aHKeTyBaHHS, iHTEpB’IO,
TECTYBaHHS, ONMCOBMI MeTOA, MeToJ Kiacu(ikalii, IapHe MOPIiBHAHHSA, PEHTUHTOBHI METOJ, JJIOBI irpu MoJei KOMIETEeHTHOCTI Tomo. KoxeH 3
METO/IiB Ma€ CBOI IEPeBaru Ta HENOMIKH, ane eeKTUBHI BOHH TIIBKH B CKJIal €AMHOI CHCTEMH YIpPABIIHHS MEPCOHAIOM. SIK METOM TSl peasizarii
CHCTEMHOTO IiJXO/y /10 OLIHKH KOHTHHIE€HTY CTYAEHTIB 3alpOIIOHOBAHO BUKOPHCTOBYBATH HEWiTKY JIOTiKy, MaTeMaTHYHHMII amapar, sKuil J103BOJIse
noOylyBaTH MOJEINb 00’€KTY, 3aCHOBAaHY Ha HEWITKMX PO3CyJax i mpaBuiIaX. BUKOpHCTaHHS HEUIiTKOI JIOTiKH, MaTeMaTHYHMI amapat sIKoi J03BOJIsie
no0yyBaTH MOJIENb 00'€KTa, 110 IPYHTYETHCS HA HEYITKUX MIpKYBaHHSX 1 nmpaBuiax. HaliBaxnuBiiia yMoBa CTBOPEHHS TaKOi MOJIEINI TOJISITAE B TOMY,
mo0 MepeBecTH HEYiTKi, SIKICHI OI[HKH, IO 3aCTOCOBYIOTHCS TIOAMHOIO, HA MOBY MAaTEMATHKH, sika Oyle 3po3yMila OOYMCIIOBAIbHIM MAIIHHI.
Haii6inbur BHKOPUCTOBYBAHMMH € HEUiTKI BUCHOBKHM 3a JOMOMOTOI0 croco6iB Mamuani ta CyreHo. Y HeuiTKOMY BUCHOBKY THITy MaM/1aHi 3HaUCHHS
BUXIZIHOT 3MIHHOT 33Jal0ThCSl HEUITKMMH T€pPMaMH, y BHCHOBKY Tumy CyreHo — sk JiHiiiHa koMOiHauis BXiAHMX 3MiHHUX. JlocmipkeHHst B cdepi
3aCTOCYBAaHHsI HEUIiTKOI JIOTiKH B COI[IOEKOHOMIYHMX CHCTEMax JO3BOJISIOTH TOBOPUTH PO MOXJIMBICTh ii BUKOPHCTAHHS I OIIHKH KOMIIETECHIIIH
CTY/ICHTIB BUIIMX HAaBYAJIbHHX 3aKJIaliB.

KurouoBi ciioBa: BuOip anbTepHAaTHB, HEUiTKa JIOTiKa, aBTOMAaTW30BaHa iH(pOpMaliiiHa cUCTeMa, HEWiTKHH BHCHOBOK, HEYITKi CYIXKCHHS,
arperyBaHHs aJbTEPHATHB.

JI. JI. OPIOBCKHH, A. M. KOIIII, A. O. KY3bMHH

UH®OPMAIIMOHHAS IMTOJJIEPKKA AHAJIMN3A HABBIKOB 1 YMEHUI KOHTUHI'EHTA
CTYJAEHTOB BBICHIEI'O YYEBHOTI'O 3ABE/IEHHU S

B nmauHOIf paboTe pacCMOTPEHO HCIOIb30BAaHHE METOJa HEYETKOIO JIOTMYECKOTO BEIBOJA JUIS IOJICPIKKH NMPUHATHS PEIICHUS B 3a/adax aHain3a
HaBbIKOB M YMEHMI KOHTUHI€HTA CTY/IEHTOB UCXOAs U3 TpeOOBaHUI MOTEHIMAIBHBIX Pa00TOAATENEH, C LIEIbI0 YMEHbIIEHHS BPEMEHH Ha NEPBUYHYIO
00paboTKy HHPOpPMALUK KacaTeIbHO MOTEHIHAIBHBIX KaHIHIATOB Ha BAKAHTHYIO NOJDKHOCTD. IIpH aHamm3e pe3ynbTaToOB OLIEHKU KOMIETEHTHOCTU
CTYZICHTOB BY30B BO3HHUKAET OINPEJICICHHAs CTENEHb HEUETKOCTU. B COBpeMEHHOM NMpakTHKE HEYeTKas JIOTHKA IMPHUMEHSAETCS BO MHOTUX Pa3JIMUHbIX
MeTo/laX OLCHKH, B TOM YHCJIC aHKETHPOBAaHHE, MHTEPBBIO, TECTHPOBAHUE, OIMCATEIbHBIN METOA, METON KilacCH(UKAIMH, MapHOE CpaBHEHHE,
PEUTUHTOBBII METOJ, IeT0BbIe UTPBI MOJIEH KOMIIETEHTHOCTH U TOMY Nogo0Hoe. KaXkIblii 13 METO0B HMEET CBOM IPEUMYINECTBA M HEAOCTATKU, HO
9 }EeKTUBHBI OHH TOJBKO B COCTaBE CIWHOM CHCTEMBI yIpaBleHHs IepcoHaioM. Kak MeTon Ui peann3aliii CHCTEMHOTO IMOAXOJa K OLCHKE
KOHTHHI'€HTA CTYICHTOB IPEUI0KCHO HUCIONB30BaTh HEUETKYIO JIOTHKY, MaTEMaTHICCKHUIl almapar, KOTOPBIil MO3BOJISET IIOCTPOUTh MOJENb O0OBEKTA,
OCHOBAaHHYIO HAa HEYETKUX CYXICHHsAX. Vcromp3oBaHHe HEUYETKOH JIOTMKH, MaTeMaTUUECKHH ammapaT KOTOPOH II03BOJSIET IOCTPOHTH MOJEIb
00BEeKTa, OCHOBBIBASICH Ha HEUETKUX PACCYXICHHSAX M IpaBHIaX. BaxHelillee ycloBHe CO3JaHHS TaKOH MOJIENH 3aKJIFOYAaeTCsl B TOM, YTOOBI
NEPEBECTH HEUETKHE, KAUECTBEHHBIC OLIEHKH, IPUMEHSAEMbIC YEJIOBEKOM, Ha SI3bIK MAaTEMAaTHKH, KOTOpas Oy/AeT MOHATHA BBIYUCIMTEILHONW MallIUHE.
HaubGonee ucnonp3yeMbIMU SIBIAIOTCS. HEUETKHE BBIBOBI C IOMOIIBIO ctoco6oB Mamaanu u Cyreno. B HeueTkoM BbIBoAe THIIa MaMmIaHH 3HaYCHHE
BBIXOJHOI IIEpEeMEHHON 3aJaloTCsi HEYeTKHMH TepMaMH, B 3aKmoucHHH Tuma CyreHo — Kak JIMHeWHash KOMOWHAIMS BXOJHBEIX IEPEMEHHBIX.
HccnenoBanust B 00J1acTH NPUMEHEHHS HEYETKON JIOTHKU B COLIMO’KOHOMUYECKHUX CHCTEMaX MO3BOJISIOT FTOBOPUTH O BO3MOXKHOCTH €€ HUCIIOIb30BaHUS
ULl OIGHKH KOMIICTEHIIUH CTY€HTOB BY30B.

KiioueBble ciioBa: BHIOOpD aJbTEPHATUB, HEYETKas JIOTMKA, ABTOMATH3UPOBAHHAs CHCTEMa YIPABICHUS, HEYCTKUH BBIBOJ, HEUYETKHE
CY’K/I€HUs], arperUpOBaHKe aJlbTePHATUB.

Introduction. Systems based on fuzzy logic have
been developed and successfully implemented in such
areas as process control, transport, home appliances,
medical and technical diagnostics, financial management,
financial analysis, stock forecasting, pattern recognition,

risk and critical activity research, earthquake forecasting,
assembly of bus schedules, climate control in buildings.
Most modern control problems cannot be solved
simply by classical methods because of the very large
complexity of mathematical models that describe them.
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In today's conditions, more than ever, the issues of
employment of university students are being considered.
Also, the question appears about the students training,
which should as much as possible answers to the
employer’s requirements.

The development of a decision-making mechanism
for the objective assessment of students' knowledge and
skills is actual subject for now. Such a task is poorly
structured. In the conditions of incompleteness and
inaccuracy of information, the construction of an exact
mathematical model is problematic. On the other hand, the
creation of a model of complex objects that is poorly
formalized becomes difficult to implement. In this cases,
the most effective are fuzzy simulation methods, which
are largely based on knowledge of experts, on the basis of
which, in turn, positive results can be obtained in the
iterative process of refinement of a consistent model. In
this regard, it is advisable to use the method of fuzzy
logical conclusion for solving the problem of assessment
and analysis of skills and competences of students of
higher educational institutions.

Purpose of the study. The purpose of this work is to
justify the practical use of fuzzy logical conclusions in
order to make decisions in the selection of the most
trained students for employment in an IT company. It will
also help reduce the burden on HR managers and reduce
the time spent on interviewing.

Analysis of recent research. In recent years, the
number of publications on the theoretical and applied
aspects of the processing of fuzzy information has
increased. Software and hardware-software complexes
have been developed to support decision-making based on
fuzzy logic and knowledge with different levels of
intelligence [1, 2].

The subject area of recent research is the applications
in home appliances, medicine and other areas of human
life [3-5]. It should be noted that the latest applied
developments unite the direction of implementation of one
of the possible modifications of the algorithms of fuzzy
logical conclusion, namely, the composite conclusion.

Using fuzzy logic to assess competencies. In
modern practice, fuzzy logic is used in many different
evaluation methods, including questionnaires, interviews,
testing, descriptive method, classification method, pair
comparison, rating method, business models of
competency, etc. [5, 6]. Each of the methods has its
advantages and disadvantages, but they are effective only
as part of a unified HR system. It is necessary that the
evaluation methodology, which provides the basis for the
implementation of functions of personnel management:

e was bhased on objective information and provided

objective assessments of candidates;

e encouraged those who select to justify a decision

based on an agreed system of criteria;

e ensured mutual understanding of the parties in

the assessment of personnel [7];

e ensured implementation  of

decisions.

When analyzing the results of staff assessment there
is a certain degree of fuzziness. As a method for

management

implementing a systematic approach to personnel
assessment, it is proposed to use fuzzy logic, a
mathematical device that allows constructing a model of
an object based on fuzzy discretions and rules. The most
important condition for the creation of such a model is to
translate the fuzzy, qualitative estimates that are used by a
person into the language of mathematics, a computer that
is understandable [8, 9]. Research in the field of fuzzy
logic in socioeconomic systems [10] allows us to talk
about the possibility of its use for assessing the
competences of university students.

Formulation of the problem. A typical example of
a selection problem is the consideration by the leadership
of an organization of candidates for internships.

The task is to use the fuzzy inference method to
identify the best bidder.

Let U — many elements, A — its fuzzy subset, the
degree of membership of which is a number from the unit
interval [0, 1]. Subset A are values of the linguistic
variable X.

Let the set of solutions characterized by a set of
criteria Xy, X5, ..., X;,, ie, linguistic variables on base sets
Uy, Uy, ..., U, respectively. A set of several criteria with
corresponding values characterizes the idea of satisfactory
solution.

Variable S "satisfactorily" is also linguistic. Example
of pronunciation:

d;: «if X; = low and X; = good then § = high».

In general, the expression is as follows:

di: «if X; = A;;and X, = Ay and ... X, = A;,, then S
= B;».

We will mark the section X; = A4;,inX, =A4,;N
..X, = A,; by X = A;. The operations of the intersection
of fuzzy sets correspond to finding the minimum of their
membership functions:

“Ai (9) = Iglean {uAi,l (ul)auAl.’l (uz)a ’uAi,p (up)} >

where V = U; X Uy X...X Upj = (Ug,Uz,m ., Up), Ha(Wy) —
value of the element u; of the fuzzy set A;;. Then the
statement will look like:

d;: «if X = A;, then S = B;».

Denote the base set through W. Then A' — fuzzy
subset W, while Bt — fuzzy subset of the unit interval I.

The implication of fuzzy sets is expressed in the
following way:

ny(w,i) = g}si&l/{l,(l —pa(w) + HB(i))},
where H — fuzzy subset.
Similarly, the statement d,, d,, ..., d, converted into

plural Hy, H, ..., Hy.
Their association is plural D:

D=H;UH,U..UH,
and for everyone (w,i) e W x I:
I"I‘D(in) = min{uH’(W’i)}si = 192a (.
wEW
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Consider the choice of alternatives, each of which is
described by a fuzzy subset C from a subset W.
Satisfaction of the alternative is determined on the basis of
the compositional rule of withdrawal. Then:

Mg (1) = max{min{uc (w),up (w,0}}.

Comparison of alternatives
estimates.

is based on point

Ag = {xla(x) 2 ax €1},

For each A, can calculate the average number of
elements M (4,):

a; +b;
i 12 L(b; + a;)

(b +a)
Then the point value for the plural A4:

Omax
[ Mde
0

M(Aa) =

M(4) =
max
where o, — Value at which 4 has a maximum.

When choosing alternatives, satisfaction is
determined for each of them and the corresponding point
score is calculated. The best is considered an alternative
with its greatest value [11, 12].

To solve the problem of identifying the best
candidate for a particular job, we propose the use of
client-server technology based on the use of the MySQL
database server, the programming language PHP, JS, CSS,
HTML. In the fragment of the data model, the following
entities are represented.

The structure of the database is illustrated by the
database fragment, which is shown in Figure 1. The given
fragment shows the main essence (tables) through which
data about students, their skills, competencies, levels of
competences are stored.

The sequence of software use may be as follows.
Students who are considered as potential candidates make
tests or fill out questionnaires on the basis of which basic

navik

organizaciya

4 ¥d_organizaci

wd_navik

Nazvanie_navika

information about their competences, knowledge and
skills is formed. This information falls into the database.
Then, with the help of software, the primary assessment of
the contingent of students is carried out, on the basis of
which a list of candidates is created, which is ranked by
the value of the point estimate. These data are primary to
select the most promising candidates, followed by an
additional interview.

The task is to use the method of fuzzy logical
conclusion to find the best bidder. An example of
selecting a junior front-end developer for a specific
position, the main requirements of which are:

e DI: «If the candidate has the skills to work with

JS, CSS3, HTMLS5, then he satisfies (which
meets the requirements)»;

o D2: «f it is with d1 has the skills to work with

JQuery, then he more than satisfiesy;
e D3: «If it is with d; has the skills to work with
Bootstrap, then he more than satisfiesy;

o D4: «f he has all the stipulated skills in d;, d5,

ds, then he is impeccabley;

e DS5: «If he do not have the skills to work with JS

or CSS3 or HTMLS, he does not satisfy».

The analysis of the five pieces of information gives
the five criteria that are used to make a decision:

o X1 — the skill of working with JS;

o X2 — the skill of working with JQuery;

o X3 — the skill of working with CSS3;

o X4 — the skill of working with HTMLYS5;

o X5 — the skill of working with Bootstrap.

Figure 2 depicts the rules for this competence.

We have 4 candidates to evaluate their competencies.
Information about candidates Candidatel — Candidate4 is
arbitrary, based on restrictions on the disclosure of
personal data. Estimates for each candidate are presented
in Table 1.

tip_navika

wd_tip_navika

nazvanie_tp_navika

nazvanie_organizacs | shials_ot
shkala_do & i = X
bk | id_tip_navika (FK) Sp_podivergdeniya
vid_rabol | id_tp_podtvergd
did v urovni_navikoy r
~< d_wid_raabob | s —imbcbeoi | nazvamie_tip_podivergd
| navanie | d_ur_nav
| Nazvane_wovma B | podivergd_navka
uroven_kompetenc DR Z
| oA Ty | 3282:2'32 \ | ||r1_nodr.~wgrj_nawka
~ id_urovma_kompet PO A7
l y | wd_navik (FK) \ L nazvanie_podivergd
| nazvame_urovnia_kompet | ‘ organ_vidavshry »—
l | sostav_kompet } data_wdachi |
| | kompetenciya ek meisha g id_tp_podvergd (FK' | |
| [ id_sostava | id_nav_st(FK) |
. | d_kompetencii id_kompetenca (FK) ‘
| d nazvanie_organizach =~ d_ur_nav (FK) ! navik_studentov |
. = ‘& id_urovnia_kompet (FK) - | id_nav_st |
= —® id_vid_raabot (FK) sce e e ]
id_organizacii (FK) st_id | ocenka_st
e = =@ d_ur_nav (FK)
FIO \ st_d (FK)

Fig.1. A fragment of the data model
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W opanmna MNpaauno
Ecowm HTML o Boctslrap i CSS3 w IS o sonmnt Gorme Yo yuounst napma it x
Ecrm HTML v CS353 ¢ J5 70 Gl UIIET W0SNSTRopaauinl x
Ecrm HTML # JQuery n CSE3 0 JS 10 kav@anar Banes Yam yaonnsTeopmcumnn x
') Ecrw HTML o JOuwy v Boolskup # CSS3 v JS ro sonbuint Bosynpenil x
£ Ecrm g HTML i < CESI une it JS 10 KasWaaT «0 yOoanarDOSssacssi x
DG MOMHAT BT AR YIOH ELnm B CHoionnt s Taxon KUt yoosmermcomcusd e x
Dolinsre cpasunc
Fig. 2. Rules of competence
Table 1 — Estimates for each candidate
. Skills
Candidates JS JQuery CSS3 HTML5 Bootstrap
Candidatel 0.8 0.5 0.5 0.1 0.3
Candidate2 0.6 0.78 0.8 0.77 0.5
Candidate3 0.3 0.8 0.33 0.5 0.2
Candidate4 0.3 0.2 0.75 0.78 0.8

Thus, using the software developed, we can give a
point-by-point evaluation to each candidate and draw
conclusions about which candidate is best suited for this
vacancy.

Figure 3 shows the results of the evaluation of
candidates with the help of the developed software.

Damvunus Hus OmjecTao Oueima
Cang 0l ancicato2 Candidaned g,7041
Canadated Cancidated Candiderad 0.49357

Fig. 3. Results of the analysis

The dot satisfaction rating for the alternative
candidatel is 0.3, for candidate? it is 0.7041, candidate3 —
0.4257 and candidate4 — 0.4957. As the best alternative,
we select the candidate with the highest score. Table 2
shows the rating of candidates.

Conclusion. The results of the study suggest that the
use of the fuzzy logic method favors the selection of the
most suitable candidates for a particular position and
thereby reduces the time spent on processing information

about candidates by HR-manager of the company, which
interacts not with dozens but with hundreds of candidates.
This methodology gives information about the candidates,
and the final decision is made by the person who has this
authority.

The considered methodology for evaluating the
competence of specialists can be adapted for other
spheres, taking into account the specifics of the enterprise
and the features of the personnel management system.
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