u] =,

Buoineni cneuugiuni ocooaueocmi saoax
Ynpaeninna Keamipikoeanumu Jar00CoKUMU
pecypcamu (YKJIP), wo idenmuixyromo ix
AK 3a60aHHs Gazamoxpumepianvioz0 anali-
3y i npuidnamms piwens 6 Hewimkomy cepeo-
osuuii. 3anponoHoearno Mooesb NPUUHAMMI
piwens ¢ zadauax YKJIP. O6rpynmoeano, wo
ons nideuwenns epexmuenocmi ma npo3opo-
cmi pimens ¢ YKJIP oouinvio 3acmocyséanns
oazamoxpumepianvnoi onmumizayii na 6asi
TOPSIS i noxa3sani iiozo nepesazu

Kntouosi cnosa: ynpasninnsa xonmenmom,
JH00CHKL pecypcu, pexkpymume, npuuHsmms
pluens, newimke cepedosuuie, Hewimki MHO-
HCUHU

= yu

Buvidenenvt cneuuduueckue ocobenmnocmu
3adau ynpagaenus KeANUPUUUPOBAHHLIMU
yenogeveckumu pecypcamu (YKJIP), noszeo-
asaowue udenmuduyuposamo ux Kax zaoa-
YU MHO0KPUMEPUATLHOZ0 AHAUIA U NPUHS-
mus pewenuii 8 newemxou cpede. Ilpednocena
Modenv npunamus pewenuii 6 sadavax YKJIP.
Odbocnosarno, umo 0as nosviuenus 3Pper-
muenocmu u npo3paunocmu pewenuii 6 YKJ/IP
YenecooopasHo npumeneHue MHO20KpUmMepu-
anvrou onmumuzayuu na 6ase TOPSIS u noxa-
3aHblL €20 npeumyuecmea

Knroueevie cnosa: ynpaenenue xonmen-
mom, uenogeuecKkue pecypcoi, peKpymune,
npunsMUs pewenuil, Hewemxkoe cpeoa, Hevem-
Kue MHOJMCecmea

1. Introduction

Under conditions of active development of innovative
information technologies and software development, hu-
man resources (IT-professionals) are turning into the main
strategic resource of organizations [1], which ensures their
long-term competitiveness and achievement of goals, set by
the organization [2]. Therefore, development of new concep-
tual approaches to recruiting IT-professionals is becoming
increasingly important and relevant [3]. Recruitment is the
process of searching for and selecting personnel for vacant
positions in the staff of a company [4]. It is the main func-
tion and responsibility of human resources managers and
recruiters [1]. Different approaches and information sources
are used for recruitment [5]. The main sources are the in-
ternal database of a company or an agency, websites for a
job search, social capital (or searching for candidates among
acquaintances), media, social networks, forums, blogs, etc.,
the employees of companies-competitors (attracting pro-
fessionals from other companies), higher educational estab-
lishments (inviting young specialists from higher education
institutions), and cooperation with recruiting agencies [6].
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It is a multifaceted extensive subjective procedure, extended
over time and dependent mainly on the level of training of
recruiters [7].

2. Literature review and problem statement

As a rule, people who are not qualified or partially qual-
ified in the field and the level of expertise required by the
position that the candidates apply for are involved in the
recruitment at the initial stages [8]. At the next stages, spe-
cialists in subject areas usually take part in job interviews in
order to analyse the level of expertise of the applicants who
have already been approved after the interview or testing at
the initial stages [9]. But they spend a lot of time filtering
the information about candidates and their competence [10].
All of this takes a lot of time and resources from companies
that offer a job or recruitment companies (it is impossible
to have specialists and experts in all possible fields) [11].
It is necessary to automate the partial sub-processes of
analysis of expertise of candidates for the positions and to
develop approaches to the analysis of the competence level of




professionals [12]. Automation greatly reduces the time for
selection of skilled workers and decreases the amount of data
that need processing; it leads to a decrease in the subjectivity
influence regarding recommendations of qualified people to
the position. Taking into account the level of competences
of applicants during recruiting makes it impossible to hire
unqualified professionals [14].

Competences are the dynamic combination of knowl-
edge, understanding, habits, abilities and skills [15]. Devel-
opment of competences is the aim of training programs [16].
Competences are formed in a variety of academic disciplines
and are evaluated at different stages [3].

Competences are divided into three types [2]:

A — Instrumental (cognitive, methodological, technolog-
ical and linguistic abilities).

B — Interpersonal (communication skills, social interac-
tion and cooperation).

C — System (combination of understanding, receptivity
and knowledge, ability to plan changes for the improvement
of systems, development of new systems).

In the European dictionary, the term “employability”
(qualification for employment) is becoming increasingly
popular; it describes the totality of knowledge, skills, habits,
a good command of approaches to solving practical situa-
tions, as well as the ability and desire of continuous improve-
ment and professional development [2]. Qualification for
employment includes the following competences [17]:

— level of self-organization;

— ability to work in a group;

— ability to perform specific tasks;

— communication skills and literacy;

— knowledge of information technologies, etc.

We will note that these are so-called general compe-
tences that are independent of the main profile of a chosen
profession.

Survey [2], conducted among European employers
(mostly representatives of industry and business), demon-
strated that the chances of getting a proper place in the
labour market depends on:

— skills that characterize employability — 78 %;

— positive attitude to work —72 %;

— appropriate practical experience (internship) — 54 %;

— area of the obtained education and training — 41 %;

— level of academic achievement at a higher educational
establishment the applicant graduated from — 28 %;

—name (prestige) of educational institution the appli-
cant graduated from — 8 %.

3. The aim and tasks of the study

The aim of the work is the development of a multi-criteria
optimization model of recruitment based on the analysis of
competences of an IT-specialist. This will make it possible
to automate the process of selection of IT-specialists in the
recruitment departments of IT-companies through the de-
velopment of appropriate software based on the developed
model.

To achieve the aim, it was necessary to solve the follow-
ing tasks:

— development of a formal model of classification of
[ T-professionals by the level of competence;

— development of the rules of competence evaluation of
I T-specialists;

— development of the rules of recommendations for the
positions of IT-specialists.

4. A formal model of recruitment based on the analysis of
competences of an IT-specialist

Paper [2] contains a prioritized list of 31 competences
(K={ky, ko, ..., k31}) according to the programme Tuning (Ta-
ble 1). The priority is calculated by the method of hierarchy
analysis (analytic hierarchy process, AHP) [18]. Each com-
petence belongs to one of the criteria {A, B, C} [2].

Let us sort out the criteria of the K; competence by cate-
gories (Table 1). For each category we will find coefficient of
relative importance of criteria of competence w' (as arithme-
tic mean of priorities of a category) [19]. Using the TOPSIS
method [20, 21], we compute coefficients of relative impor-
tance of private criteria of competence w; and the weight
coefficients of private criteria of competence w;=w'*w;,
(Table 1) [22].

In the course of studying, the profile of distant student S
is formed considering each level of competence K&, K&, K§
within [0;1]. A student is trained in certain specialty

P: {p1rp27-~-’pr }

To acquire a specialty, it is necessary to complete several
courses

C={c;,Cypmmney ) or CF ={C]},C},,Cl), CicClcC.
A course consists of disciplines

D={d,d,,...dy }.

Within each discipline, there are blocks of themes

i177-i2

L={l1,12,...,1NL} or L2 ={12,1°2,12}, LIS cllclL,
SO

K, - (D,,Dy,.D,, ) or K, 5 (D,,.Dy,.. D, )
it is the choice of an expert group, which develops profes-
sional educational program. For each Dj;, a group of experts

determines weight ©; for competence K; (ZGU =1) using

the AHP method [23]. For each C; we construct a table of
relationship between program competences and components
of educational programs of a particular specialily (columns
contain the list of disciplines, lines contain the list of com-
petences). For example, for specialty 124 “Systems analysis”
[24], the expert group defined 48 disciplines with the set of
28 competences and described the relationship between pro-
gram competences and components of the educational pro-
gram of a particular specialty. Each cell of this table is the
presence or absence of a particular competence in a particular
discipline. Accordingly, the matrix of weights of disciplines for
the list of competences from the Tuning program is plotted.

GH 012 G1N
o (¢} .. O
21 12 2N
Q= . )
G31,1 631,2 631,N



Coefficients of relative importance of criteria received by AHP and TOPSIS

Tabl

e

. - : Vector of priorities ; i s
Type Interpretation of criterion K; by AHP w w; W =W Fw,
Ability to communicate Ky 0,081728 0.30812 0.130369
in another language
Ability to communicate orally and ks 0,081728 0.223483 0.094558
in writing in native language
Ability to plan time and control it ks 0,073083 0.156996 0.066427
AbiAlity to sgarch for, process and analyze ks 0,056095 0108416 0.045872
information from different sources
A Ability to identify, formulate and solve | 0046394 0.423112 0074296 0.031436
problems
Ability to make well- grounded decisions kyo 0,036574 0.050915 0.021543
Knowledge and unders‘Fandlng of _subject ks 0,026993 0.03516 0.014877
area and understanding of specialty
Ability to think abstrgctly, analyze and ki 0.015431 0.0247 0.010451
synthesize
Skills of using information and o 0005086 0017915 0.00758
communication technologies
Ability to be critical and self-critical ky 0,073083 0.286411 0.086828
Ability to dcm_opstratc awareness of equal ks 0,064504 0.217059 0.065803
opportunities and gender issues
Safety orientation kg 0,04951 0.156114 0.047327
Ability to work in a team kig 0,028866 0.110389 0.033465
Ability to work in international context kyg 0,024721 0.077361 0.023453
B Ability to act based on ethical kiz 0,020154 0.303159 0.054062 0.016389
considerations
Ability to communicate with kis 0,016523 0.037886 0.011485
non-specialists of the same area
Interaction and interpersonal skills kot 0,011812 0.02679 0.008122
Ability to act Wlth SOleil responsibility and kos 0,009635 0.019496 0.00591
civic consciousness
Focusing on preservation of environment | kog 0,004351 0.014431 0.004375
Ability to learn ko 0,081728 0.334658 0.091605
Ability to produce new ideas (creativity) k; 0,06124 0.262228 0.071779
Ability to apply. knowledge in practical ki 0041715 0.206098 0.056414
situations
Ability to condu_ct research at kis 0,032705 0152891 0.04185
the appropriate level
Entrepreneur spirit koo 0,013559 0.11133 0.030474
Ability to design and manage projects koo 0,011796 0.080632 0.022071
C Certainty and perseverance in performing | . - 0,008331 0.273726 0.058299 0.015958
received tasks and responsibilities
Correct upderstandmg z?nd respect for s 0,007182 0.042696 0.011687
multiculture and differences
Ability to work independently kog 0,005859 0.031049 0.008499
Ability to adapt to new situations kag 0,00363 0.023825 0.006522
Ability to evaluate and maintain
the quality of completed work kso 0,003158 0.017331 0.004744
Ability tQ motivate people and to move k1 0,002823 0.013621 0.003728
towards common goals

Because of the lack of professional expert studies of the

relationship between program competences from the Tuning
program (Table 1) and the components of educational pro-
gram of a particular specialty, in this paper we assume that

ojjare equal among themselves and Zcij =1.
j
Analyzing the obtained weights of disciplines, the ex-
pert group estimates the weight of semesters or courses

nC
¢}, ChomnCy (D ci =1 at Djec.
=1

theme blocks

L

— L _y.L L
R={r,5...,10y, } or Ry ={r 55,1,

} RgcRiLcR

The set R contains specific learning outcomes by the

or by disciplines D;. G are the learning outcomes by the cat-

egory of competence at

G={G",G" G}, G={g,8,-8x )

G ={G,Gp,Gp}-




GA = {gwgzr'--’gm}) GB = {gn1+1’gln+2""’gln+n}’

G = {8unitsBmanszr B - 3)
GhcGPcG, GEcGPcG, G5cGPcG. (4)
GhcG*cG, G cG’cG, GG cG. 5)
G ={8,858m, b Gp ={80 115802y b

G = {8 iyt 20728 |- (6)

Fig. 1 displays tree of analysis of relationship between
courses, disciplines, themes and learning outcomes.

position (o} -100 =50+ 50~2pj), and in case 2 — taking into
=t
account the level of competence. Column “Assessment li-
mits 1” was obtained considering the point scoring assessment
of alternatives at higher education institution (that is, a stu-
dent with total assessment for the entire period of studying,
for example, 80,5 points, may qualify for all positions, starting
with the 4 whereas he can not qualify for the first 3 po-
sitions; to receive position 13, it is necessary to be assessed
within [50; 74.5287]). Column “Assessment limits 1” was ob-
tained considering factor of importance by AHP (column 3
of Table 4). Column “Assessment limits 2” was obtained without
considering significance by AHP (a:?-100 = 50 +(50/15)(i — 1)).

P, Table 2
C C, C, Linguistic values and corresponding fuzzy
TN ST A trapezoidal numbers
D, D,... D, D, D,... D}’\ D, D,... D, . _
vee N NG e N e N Lin- 1 Fuzzy | Condi-
L /L%3 Ly LyLy Ly L, Ly L L, Ly L; L, Ly L] L, Ly |No.|guistic Eg}"l]“S FliZZy Glﬁidc trapezoidal| tional
G/\ .. G/\ G/\ values values numbers | sign
G,...Gy GyeaG GyeaoG
1 Gaeel Gy 1 G2eee by 1 G2 by tbad | F |[015] 0-25 | 0012 | 1t
o6 e, Tov e, e unsat-
L A S 2 |isfac- | FX | 035 | 26-49 | (1,22.3) | 2
Fig. 1. Hierarchy of analysis of learning outcomes and the level of tory
competences 3 | Sui- g 055 | 50-60 | (2345) | 4
cient
satis-
R. cRP cR for discipline D; of students (expert assess- 4 |facto-| D | 065 | 61-70 | (4556) | 6
ment) is assessed by the ECTS scale (Table 3). For a more ry
accurate assessment of a student’s level of competence, fuzzy 5| good | C | 075 | 71-79 | (5,6,7,8) 8
. o .
trapezoidal numb(_ers RY are qsed in the TOPSIS method. In 6| | B | 085 |81-87 | (7,889 9
the course of finding trapezoidal fuzzy numbers, correspon- good
deqce between the ECTS scale and numeric grades was used, 7 elxcel- A 1 [88-100[(89.10,10)| 10
which is presented in Table 2. ent
Next, we find weights of
Table 3

competences for particular

student S; Rules for the formation of competency profile of student
A = QcR° (7) |Course ?ifgé Theme R} RY R Learning outcomes
and a student’s rating by L R, Ri, R, Gy = %(Ri?k +RE +RS)
the levels of acquired com-
etences ) ) ) 1
P Ci D L+t Ri?k+1 ngn R§k+1 G = g(ng+1 + ngﬂ + Rﬁm)
X(S) =D AL J : 1
2 Lica Rz Rk R Gijn = g(Rﬁku + R +Rijn)
To analyze learning out- 1 1 ! ]
comes of student S; we Learning outcomes | Gjj = EZ Rj, |Gi= EZ Ri, | Gf = EZ R, Analysis of results o5*100
calculate his level of com- L L L

petence through the calcu-
lation of R and G' by the
defined set of characteristics
o within [0;100] (Table 3).

Then we normalize Ri— K} within [0;w'], taking into
account the weights of competences (Table 1). For example,
K2 varies within [0;0.423112], K& within [0;0.303159]
and K{ within [0;0.273726]. An analysis of learning out-
comes (o) will be performed with the use of the TOPSIS
method and compared with o from Table 5, which presents
the hierarchy of recommended key professions of IT profile
and their criteria of importance. Column 3 contains results
of calculation by the AHP. The limits of evaluation in ca-
se 1 — according to a general education assessment at higher
education institutions considering factor of importance of

Table 4 displays an approximate list of common positions
in IT-cluster in Ukraine. Outside Ukraine (for instance, in
the EU), this list is much wider. The list was formed and
sorted based on the results of a survey of representatives of
IT-cluster in Lviv. At present, much to our regret, there are
no clearly formulated general requirements to each of the
listed positions. Each company determines the range of qual-
ifications for each of the enumerated positions. For example,
in some of them, to take up the position of Programmer, it is
sufficient to know one of the programming languages, and
to take the position of Software Engineer, an applicant must
know the basics of algorithmization. The position of Student
was introduced to the table conditionally, in order to indi-
cate minimum conditions for making recommendations for



further positions. In Ukraine, according to the requirements
of Ministry of Education and Science, postgraduate training
requires higher qualification than that for other positions in
IT-cluster. If recommendations for positions numbered 27
allow IT-companies immediately and without any hesitation
to hire recommended graduates, the recommendations for
positions numbered 8—15 only register the possibility for a
graduate to take such positions after appropriate internship
and gaining experience at previous positions. Recommen-
dation for position 10, for example, indicates only that a
graduate can take positions 2—7 with the prospect of a ca-
reer growth to position 10 inclusive with the competences
acquired in the course of studying. In future he can qualify
for higher positions under condition of development of his
skills and competences.

Table 4

Coefficients of relative importance of the recommended
basic IT-professions

Coefficient Assessment limits
No. Position (Ei;rffg; Case 1 — Case 2—
AHPp, | ©l*100 o2 *100

1 Student 0 50 50
2 Assistant 0.007092 50.3546 53.33333
3 Tester 0.008599 | 50.78455 56.66667
4 Recruiter 0.011141 51.3416 60
5 ASSOC&‘;;S:;“W"‘“* 0014037 | 52.04345 | 63.33333
6 Administrator 0.018602 | 52.97355 66.66667
7 Programmer 0.023866 | 54.16685 70
8 | Software Engineer | 0.031904 | 55.76205 73.33333
9 Se"gg?g:te‘fare 0.041297 | 57.8269 | 76.66667
10 Team Leader 0.055204 | 60.5871 80
11 | Associate Manager | 0.071152 64.1447 83.33333
12 Manager 0.092353 | 68.76235 86.66667
13 Senior Manager 0.115327 | 74.5287 90
14 | Senior Executive | 0.142542 | 81.6558 93.33333
15 | Systems architector | 0.170746 | 90.1931 96.66667
16 Postgraduate 0.196136 | 99.9999 100

To run an analysis of learning outcomes and to make rec-
ommendations, we divide all students into 3 levels of train-
ing. In accordance with the value of the competence priority
(Table 1), we divide the sorted list of competences into three
parts (equal). The first 10 competences (A-5, B-3, C-2)
belong to part I, the next 11 competences belong to part 11
(A-3, B-5, C-3), and the remaining 10 belong to part I1I
(A-1, B=2, C-7). An analysis of the level of competence of a
subject according to learning outcomes will be used to make
the rules of recommendations for a position or a choice of oc-

cupations (Table 5, 6, B is analysis of competences according
to learning outcomes).

Table 5

Rules of determining competence of student S for the
analysis of competences according to learning outcomes (j3)

level 1 level 11 level 111
1 A A A 1 A A A 1 A A A
—wh<Kg<w —wh<Kg<w —w'<Kg<w
2 2 2
B 1 B 1 B B B 1 B B B
0<Kg<—w —w <K{<sw —w <K{<w
2 2 2
1

0<K§S%WC 0<K§S%wc —w° <K <w"

2

Table 6

Rules of determining recommendations concerning
professions of student S for the analysis of competences
according to learning outcomes (B)

1WA<KSAS§WA, 1WA<KQSWA, 1WA<K§S§WA,
2 4 2 2 4
1 1 1 3
Rule O<KSS§WB, O<KSSEWB, EWB<KSSZWB,
0<K§S1WC 0<K§SlwC 0<K§SlwC
2 2 2
Position 2 3 4
1 A A A 1 A A A 1 A A A
v <Kg<w 7V <K§<w 7V <Kg <w?,
Rule O<KSBS1WB 0<K§S1wB 1WB<KES§WB,
2 2 2 4
%WC<K§S%WC %WC<K(S:SWC 0<K§S%WC
Position 5 6 7
%WA<K§S%WA, %WA<KQSWA, %WA<K§\SWA,
Rule Lyrerrew, | Larcriews, |Larcrre3ys
2 ST 2 ST 2 ST4
1 1 1 3
O<K5S5WC 0<K5S5WC EWC<KSCSZWC
Position 8 9 10
1wA <K} S§WA, 1wA <K} S§WA, 1WA <K§ Sﬁw’\,
2 S 4 2 4 2 4
1 5 B 5 |1 3 s_3 5|1 & B B
Rule §W <KJ<swP, EW <KSSZW, EW <Kg<w?,
%WC<K§<%WC %WC<K§SWC %WC<K§SWC
Position 11 12 13
1WA<K§\SW", 1WA<K§SWA, 1WA<K§\SWA,
2 ’ 2 2
1 B B 3 B B B B 1 B B B
Rule 7V <KSSZW, —w <Kisw’, 7V <K{sw”,
%WC<K§SWC %WC<K§S%WC %WC<KSCSWC
Position 14 15 16




According to the example of Table 1, K ranges within
[0:wA] ([0; 0.423112]), K® — within [0;wPB] ([0; 0.303159])
and K§ — with [0;w®] ([0; 0.273726]).

5. A formal model of IT-specialists classification by
the level of competence

The process of making recommendations for a position
or classification of IT-specialists by the level of their compe-
tence is described by superposition

R=80'Y°B°(X, (7)

where sign o means superposition of functions (output re-
sults of function o are the input date for function B, that is,
it is a sequence of performing processes from the right to the
left); o is the analysis of learning outcomes and compiling
the rating by acquired competences; B is the analysis of com-
petences according to learning outcomes; v is the analysis
of requirements for a position by the level of competences
and learning outcomes; § is making recommendations to
a student/candidate regarding his profession according to
statistics of studying and attainment of competences (& is
compared with §;(x;); & is calculated by learning outcomes
of student S;; 8(x;) is the integral index, set within certain
limits).

Integral index (coefficient of proximity of compared
alternatives) 8(x;), obtained on the basis of evaluation of
these private criteria, expresses a certain value of a degree
of chance of hiring every candidate x; in the interval [0, 1].
The value of this magnitude allows making the final deci-
sion regarding each alternative candidate. In the process
of conducting experiments connected with hiring an em-
ployee, we analysed the rules for choosing an alternative of
recommendation for a position, according to the analysis of
requirements for it (Table 7) [11].

A level of competence depends on the learning out-
comes over a certain period (for example, 4 years of
studying). Each period (year) may have its coefficient of
importance according to the expert assessment. As a result
of pairwise comparison of the importance of attainment of
competences for each of the 4 years of training, the follow-
ing values of coefficients of importance depending on the
year of study were obtained for case I: ¢1=0,375, e,=0,125,
e3=0,125, ¢,=0,375. Table 8 presents 5 cases (5 different
opinions of different groups of experts) of distribution of
coefficients of importance of competences for each year of
studying out of 4.

As an example, we will analyze learning outcomes of
any arbitrary 3 students (x1, Xs, X3) over four years for the
purpose of their correspondence to 31 competences for
the position of Senior Manager (position numbered 13 in
Table 4). To do this, with the use of the TOPSIS method, we
will calculate trapezoidal fuzzy numbers in Table 9, reflect-
ing one of the equivalents of assessing a student’s level of
knowledge (Table 2).

According to Table 9, a student can score maximum
12400 points (31*4*100). For example, candidate x; scored
11160 points (87 =11160/12400=0.9 by general educa-
tional requirements for knowledge assessment), candidate
x scored 9080 (85 =0.732258), candidate x5 scored 11160
(85 =0.9). Candidates x; and x5 have the same number of

points, but there is a difference in their level of training.
Candidate x; studied better in the 15t year, worse — during
the remaining years. x3, on the contrary, studied worse at the
beginning of training, but had better results in the end. That
is why they have different levels of competences according
to the chosen specialty. Special subjects are usually taught
in senior courses. Accordingly, x; and x3 have equal rights
to claim for a position without taking into account their
level of competence in all 31 criteria. Taking into account
the competence of years of studying, a matrix of trapezoidal
fuzzy numbers is plotted (Table 10). Table 10 also displays
aggregated trapezoidal fuzzy numbers. Elements of the ma-
trix of aggregated trapezoidal fuzzy numbers are multiplied
by weights of private criteria and results are normalized
(Table 11).

Table 7
List of alternatives of recommendations for selection of
position
No. Alternative Candidate Explanations

concerning hiring

does not meet . .
candidature is

8(x;)e[0; 0.25)

requirements for

the position rejected
) hardly meets his hiring is
8(xi)€[0.25; 0.50) requirements a great risk

hiring is associated
with insignificant
risk, which can be
compensated in
the process of work-
ing by high indices of
other competences

partially meets
requirements for
the position

3 |8(x)e[0.50; 0.65)

some indices can be
easily filled in the
process of adaptation

meets
requirements for
the position

4 | 8(x;)e[0.65; 0.80)

fully meets
requirements for
the position

candidature is

5 | 8(xi)e[0.80; 1.00] recommended

Table 8

Coefficients of competence according to
year of studying

Pairwise Variants of coefficients of importance of
comparison competences for each year of studying (cases)
S

I 11 111 v \%
Year ¢ | 0375 | 0.25 | 0463184 | 0.413265 | 0.568093
Year c 0,125 | 0.25 | 0.275411 | 0.292222 | 0.287771
Year ¢ | 0125 | 0.25 | 0175972 | 0.186714 | 0.10758
Year ¢ 0,375 | 0.25 | 0.085433 | 0.107799 | 0.036557




Example of learning outcomes of students x1 X3 X3

Table 9

No.| Criteria Alttiirer;a_ Expert assessment R! Matrix of trapezoidal fuzzy numbers RO
ci < < ¢ ¢ < < <
X1 A A B B (8,9,10,10) (8,9,10,10) (7,8,89) (7,8,8,9)
1 ky X2 A B B C (8,9,10,10) (7,88,9) (7,88,9) (5.6.7,8)
X3 B B A A (7,88,9) (7,88,9) (8,9,10,10) (8,9,10,10)
X1 A A B B (8,9,10,10) (8,9,10,10) (7,88,9) (7,88,9)
2 ks X2 A B D C (8,9,10,10) (7,8,89) (4,5,5,6) (5,6,7,8)
X3 B B A A (7,88,9) (7,88,9) (8,9,10,10) (8,9,10,10)
X1 A A B B (8,9,10,10) (8,9,10,10) (7,88,9) (7,88,9)
3 ks X2 A B D C (8,9,10,10) (7,88,9) (4,5,5,6) (5,6,7,8)
X3 B B A A (7,8,89) (7,8,89) (8,9,10,10) (8,9,10,10)
X1 A A B B (8,9,10,10) (8,9,10,10) (7,88,9) (7.8,8,9)
30 | ke - A B D C (8,9,10,10) (7,88,9) (4,5,5,6) (5,6.7,8)
X3 B B A A (7,88,9) (7,88,9) (89,10,10) (89,10,10)
X1 A A B B (8,9,10,10) (8,9,10,10) (7,88,9) (7,88,9)
31| ke X2 A B B C (8,9,10,10) (7,88,9) (7,88,9) (5,6,7,8)
X3 B B A A (7,88,9) (7,88,9) (8,9,10,10) (89,10,10)
Table 10

Example of filling the matrix with aggregated trapezoidal fuzzy numbers with regard to competence of years of studying for
case |V from Table 8

Criteria

Alter-
natives

Years of studying c;

¢
€y

(e1=0.413265)

¢
Cy

(€,=0.292222)

¢
C3

(e3=0.186714)

¢
Cy

(e4=0.107799)

Aggregated
trapezoidal fuzzy
numbers

ki

X1

(3.30612, 3.719385,
4.13265, 4.13265)

(2.33778, 2.630002,
2.922225, 2.922225)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.754593, 0.862392,
0.862392, 0.970191)

(0.754593, 2.176372,
2.352744, 4.13265)

(3.30612, 3.719385,
4.13265, 4.13265)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.538995, 0.646794,
0.754593, 0.862392)

(0.538995, 2.049417,
2.179683, 4.13265)

X3

(2.892855, 3.30612,
3.30612, 3.719385)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.493708, 1.680422,
1.867135, 1.867135)

(0.862392, 0.970191,
1.077991, 1.077991)

(0.862392, 2.073628,
2.147256, 3.719385)

ks

X1

(3.30612, 3.719385,
4.13265, 4.13265)

(2.33778, 2.630002,
2.922225, 2.922225)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.754593, 0.862392,
0.862392, 0.970191)

(0.754593, 2.176372,
2.352744, 4.13265)

(3.30612, 3.719385,
4.13265, 4.13265)

(2.045557, 2.33778,
2.33778, 2.630002)

(0.746854, 0.933568,
0.933568, 1.120281)

(0.538995, 0.646794,
0.754593, 0.862392)

(0.538995, 1.909382,
2.039648, 4.13265)

X3

(2.892855, 3.30612,
3.30612, 3.719385)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.493708, 1.680422,
1.867135, 1.867135)

(0.862392, 0.970191,
1.077991, 1.077991)

(0.862392, 2.073628,
2.147256, 3.719385)

Xq

(3.30612, 3.719385,
4.13265, 4.13265)

(2.33778, 2.630002,
2.922225, 2.922225)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.754593, 0.862392,
0.862392, 0.970191)

(0.754593, 2.176372,
2.352744, 4.13265)

(3.30612, 3.719385,
4.13265, 4.13265)

(2.045557, 2.33778,
2.33778, 2.630002)

(0.746854, 0.933568,
0.933568, 1.120281)

(0.538995, 0.646794,
0.754593, 0.862392)

(0.538995, 1.909382,
2.039648, 4.13265)

X3

(2.892855, 3.30612,
3.30612, 3.719385)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.493708, 1.680422,
1.867135, 1.867135)

(0.862392, 0.970191,
1.077991, 1.077991)

(0.862392, 2.073628,
2.147256, 3.719385)

X1

(3.30612, 3.719385,
4.13265, 4.13265)

(2.33778, 2.630002,
2.922225, 2.922225)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.754593, 0.862392,
0.862392, 0.970191)

(0.754593, 2.176372,
2.352744, 4.13265)

(3.30612, 3.719385,
4.13265, 4.13265)

(2.045557, 2.33778,
2.33778, 2.630002)

(0.746854, 0.933568,
0.933568, 1.120281)

(0.538995, 0.646794,
0.754593, 0.862392)

(0.538995, 1.909382,
2.039648, 4.13265)

(2.892855, 3.30612,
3.30612, 3.719385)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.493708, 1.680422,
1.867135, 1.867135)

(0.862392, 0.970191,
1.077991, 1.077991)

(0.862392, 2.073628,
2.147256, 3.719385)

k31

(3.30612, 3.719385,
4.13265, 4.13265)

(2.33778, 2.630002,
2.922225, 2.922225)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.754593, 0.862392,
0.862392, 0.970191)

(0.754593, 2.176372,
2.352744, 4.13265)

(3.30612, 3.719385,
4.13265, 4.13265)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.306995, 1.493708,
1.493708, 1.680422)

(0.538995, 0.646794,
0.754593, 0.862392)

(0.538995, 2.049417,
2.179683, 4.13265)

(2.892855, 3.30612,
3.30612, 3.719385)

(2.045557, 2.33778,
2.33778, 2.630002)

(1.493708, 1.680422,
1.867135, 1.867135)

(0.862392, 0.970191,
1.077991, 1.077991)

(0.862392, 2.073628,
2.147256, 3.719385)




Elements of normalized matrix of decision making

Table 11

Criteria Alternatives Wei%l;isi(;zfrfiiacient Elements of weighed fuzzy matrix (*100) Elementzg(fgﬁ)rfs}iﬁigmatrix of
X1 (9.83756, 28.3731, 30.6725, 53.8769) (0.18259, 0.52663, 0.56931, 1)
ky X2 0.13037 (7.02683, 26.718, 28.4163, 53.8769) (0.13042, 0.49591, 0.52743, 1)
X3 (11.2429, 27.0337, 27.9936, 48.4892) (0.23186, 0.55752, 0.57731, 1)
Xq (7.13528, 20.5793, 22.2471, 39.0775) (0.18259, 0.52663, 0.56931, 1)
ks X 0.09456 (5.09663, 18.0547, 19.2865, 39.0775) (0.13042, 0.46202, 0.49354, 1)
X3 (8.15461, 19.6078, 20.304, 35.1698) (0.23186, 0.55752, 0.57731, 1)
X1 (5.01254, 14.457, 15.6286, 27.452) (0.18259, 0.52663, 0.56931, 1)
ks X 0.06643 (3.58038, 12.6834, 13.5488, 27.452) (0.13042, 0.46202, 0.49354, 1)
X3 (5.72861, 13.7745, 14.2636, 24.7068) (0.23186, 0.55752, 0.57731, 1)
X1 (0.35798, 1.03247, 1.11614, 1.96053) (0.18259, 0.52663, 0.56931, 1)
k3o X 0.00474 (0.2557,0.90581, 0.96761, 1.96053) (0.13042, 0.46202, 0.49354, 1)
X3 (0.40912, 0.98373, 1.01866, 1.76448) (0.23186, 0.55752, 0.57731, 1)
X4 (0.28131, 0.81135, 0.8771, 1.54065) (0.18259, 0.52663, 0.56931, 1)
ks34 Xo 0.00373 (0.20094, 0.76402, 0.81259, 1.54065) (0.13042, 0.49591, 0.52743, 1)
X3 (0.3215, 0.77305, 0.8005, 1.38659) (0.23186, 0.55752, 0.57731, 1)

Next, integral matrix of fuzzy ideal positive (best, x*)
and fuzzy ideal negative (worst, x) decisions is plotted,
which is presented in Table 12.

Table 12
Integral matrix of IPD and IND

Criteria of

x', IPD
competence

x, IND

(0.130424, 0.130424,

Ki ALLLD 0.130424, 0.130424)

Results of distances of alternatives to IPD, calculated
by the value of each individual criterion, are presented in
Table 13 (columns 2—4). Results of distances of alternatives
to IND, calculated by the value of each individual criterion,
are presented in Table 14 (columns 5-7).

Table 13

Distances of alternatives to IPD and by the value of each

criterion

Criteria|D(x4,x") | D(x2,X") | D(x3,x")| D(x1,x") | D(x2,x7) | D(x3,X")
ki 026943 0.3084 |0.24112|0.27712 [0.261839]| 0.287144
ks 0.26943]0.32552 | 0.24112] 0.27712 [0.249495| 0.287144
ks 0.26943(0.32552 | 0.24112| 0.27712 |0.249495| 0.287144
kgo 0.26943(0.32552 | 0.24112| 0.27712 |0.249495| 0.287144
ks;  10.26943| 0.3084 |0.24112]0.27712 0.261839| 0.287144

Using the TOPSIS method, we will estimate the lim-
its of criteria of competence and the level of competence

for each of the three candidates. Taking into account the
competences of years of studying, the matrix of trapezoi-
dal fuzzy numbers is plotted, and aggregated trapezoidal
fuzzy numbers are displayed. Elements of the matrix of
aggregated trapezoidal fuzzy numbers are multiplied by
weights of private criteria and the results are normal-
ized. Then the integral matrix of IPD and IND, respec-
tively, is plotted. For example, for case IV (Table 12),
the limits of criteria of competence are [0.130424; 1]
by the TOPSIS. Thus, for k; when assessing IPD, we
have x;=0.51907, x,=0.57054, x3=0.49104. Distances of
alternatives to IPD by the value of each individual cri-
terion k; are D(xy,x)=0.26943, D(x5,x)=0.32552 and
D(x3,x")=0.24112. For k;, when assessing IND, we have
x1=0.526422, x9=0.499494, x3=0.535858. Distances of
alternatives to IND by the value of each individual cri-
terion k; are D(x{,x7)=0.27712, D(x2,x)=0.249495 and
D(x3,x )=0.287144.

We defined distances of each alternative to IPD and
IND according to each variant of coefficients of importance
for each year of studying (5 cases are considered as an exam-
ple, see Table 8). Then we calculated values of integral index
that expresses the degree of proximity of each compared
alternative to the ideal solution by TOPSIS, and based on
the results, the ranks of each alternative were determined
(Table 14).

According to the obtained results, the best (optimum)
option of decision in this case is IV, at which x3 that is,
candidate x3, is an alternative. Chances of candidate x3 are
assessed by value 85(x,)=0.521822 when §(x3)e[0.50;
0.65). The same concerns candidate xs (85.(x,)=0.503516
at 8(x2)€[0.50; 0.65)), but he has a chance only if x3 rejects
the offer. Accordingly, hiring a candidate is associated with
a low risk, which can be compensated in the process of work
by high indices of other competences. As for candidate x;
(85(x,)=0.470902 at 8(x;)€[0.25;0.50)), hiring him is as-
sociated with greater risk.



Table 14

Distances of compared alternatives to IPD and IND, coefficient of their
proximity to ideal solution and corresponding ranks by TOPSIS

tion under condition that some indices can be easily
filled in in the process of adaptation.

3) x3 (8k(x3)=0.9) — the candidate fully meets
all the requirements of the position.

Case Alter- . . s
TlZ‘];)lreng natives X X~ xX+x | 0n(x) Ranks
Xy |2.697018 | 2.883112 | 5.58013 | 0.516675 1 7. Discussion of results of exploring the approach
I |++-| x, [3019768]2730049 [ 5749817 | 0.474806 | 2 to making suggestions for the recruitment
X3 | 2.697018 | 2.883112 | 5.58013 | 0.516675 1 through analysis of competences of a specialist
X 0.974359 | 2.41648 | 3.390839 | 0.71265 1
11 4+ X12 1.845603 | 1.965006 | 3.810609 | 0.515667 92 The obtained results of experimental calcula-
x5 0974359 | 2.41648 | 3.390839 | 0.71265 1 tions based on TOPSIS for the task of selecting the
x| 3144922 | 2.979148 | 6.12407 | 0.486465 5 best candidate were compared with results of the
M |- ——[ x, |3.346642|2.881048 | 622769 | 0.162619 3 selection, obtained using the point-scoring assess-
xs 13040106 3.007715 | 6.047821 | 0.497322 1 ment system. Table 16 presents results of the two
2890055 | 2930995 | 5.82105 | 0503516 2 approaches to the cs‘FiInation of thc level of compe-
IV |+++[ x, |3.149538]2.803118 | 5952656 0470902 3 t?nce a.nd.tthi algily.sclls Olf;lt?r.nauves bg. the def.r e
of proximity to the ideal decision regarding makin
a 2734 | 2.983532 | 5717531 | 0.521822 L rec%mmend%;tions for a conditionallff selec%ed posig-
x| 3534842 | 3076006 | 6.610848 | 0465297 1 tion 13 (Table 4, Fig. 2), which allows conducting
V [———| x» 3.64263 | 3.01851 | 6.661141 | 0.453152 3 their comparative analysis.
x3 |3.526551|3.062903 | 6.589454 | 0.464819 2
Table 16
6. Results of studies of the proposed approach to Results of priority of alternatives
making recruitment suggestions based on the analysis of
sompeencsof el
date
For objectivity of decision making, the experts carried TOPSIS of assessment Casel | Case2
out the point-scoring assessment of alternatives, closest to X 3 5 5 5
ideal decisions. To assess the alternatives, the correspon-
dent calculations based on the point-scoring system of X2 2 4 4 4
linguistic values according to Table 2 were carried out. On x5 3 5 5 5
the basis of statistical data, obtained with the use of the

point-scoring system of assessing alternatives, proximity

of each alternative to the ideal decision by TOPSIS was
established, with the component of 12400 points. Results
of decision making on the basis of the point-scoring system
of assessing three alternatives (candidates for a vacant po-

sition) are given in Table 15.

Comparison of results of the calculations with the use of
two methods with regard to coefficients of relative impor-
tance of the basic recommended IT-professions (Table 4)
reveals obvious discrepancy of the latter.

Educational professional program

Table 15

€meresm 3 sevaan npwdrra plsmcan,

Results of point-scoring assessment of

alternatives

Total Analy31.s of Analy51§ of
oint — alternatives | alternatives
Alter-| PO™ according to | according to
. scoring
nativel general edu- | the calcula-
ment cational level | tions by AHP
of studying | and TOPSIS
Xq 11160 0.9 0.503516
X2 9080 0.732258 0.470902
X3 11160 0.9 0.521822

Tpizeume, iv's

1. NeBegwH leaxxa

2. becAguH Bonogumnp
3. MacrepHak Manura
5. Mpouwx Bacuns

6. QeHioxiH CTenan

The best alternative is x3, which scored
11160 points similar ti xy, it is followed by
priority by alternative x5. According to the
degree of proximity to the ideal decision, a
correspondent conclusion is drawn for each
alternative using a point— scoring system
of assessment of alternatives:

1) x4 (8k(x1)=0.9) — the candidate fully
meets all the requirements for the position.

2) X3 (8k(x2)=0.732258) — the candi-
date meets the requirements for the posi-

Jmennnaina Ouninka
CueresHe NporpaMyBaHus A
Of'exTHo-opienTORANE NPOTPAMYBARHS B
Onepauiiini cucremn C
‘Web nporpavysanns A
Meroan £ ™ pa B
Opranizanis 6as 1annx Ta sHAHE C
OcHoBH CHCTEMHOTO aHATiTY A
‘Web-Texnonorii 1a web-anaaiin B
Meroan mryuHOTS IHTEAEKTY A
Mertodoril poipodaennn indopManiinux cHeTeM C
MamuHHe HABYAHHA B

Napawaxk PomaH

Relevance of position

Systems Architect

IT Project Manager

Senior manager

Manager

%o

40
48
51
63

Fig. 2. Example of implementation of the calculation of coefficients of relative
importance for the recommended basic IT-professions for a particular student



Moreover, those candidates whose hiring in accordance
with the proposed method is associated with great risk,
with the use of the point-scoring assessment of alternatives
fall into the category of the most preferred. Thus, the re-
sults of testing show sufficient sensitivity of the TOPSIS
method in the process of selection of the best alternative
among the best, while the method of point-scoring assess-
ment does not actually allow distinguishing among several
most prioritized candidates by the degree of proximity to
the ideal alternative. This proves the effectiveness of the
proposed methodological approach when solving the tasks
of MQHR.

8. Conclusions

1. As a result of the conducted studies, we developed
a method for the classification of IT-professionals by the
level of their competence based on their analysis for making
recommendations and recruiting. Due to the fact that its
special feature is the analysis of competences, sorted out
by the specialists of IT-industry, and taking into account
dependence of attained competencies and learning outcomes
of a graduate in a particular specialty, the automation of the
recruitment process for appropriate positions according to a
student’s learning results is ensured.

A general formal model for the classification of IT-
professionals by the level of their competence was estab-
lished and described. Its essence lies in a sequential analysis
of the competence level of IT-specialist according to his
learning outcomes in the chosen specialty. Thanks to it, rec-
ommendations for the positions in [ T-industry are compiled
according to the requirements of I'T-cluster that automates
the process of recruiting.

2. The matrix of influence of disciplines on competence
was introduced. The rating of a specialist was defined based
on the obtained grades in disciplines, coefficient of the
year of studying a discipline and coefficient of importance
of competences. The rules of evaluating the competence
of I'T-professionals were formed. They imply an analysis of
the obtained weights of competences of a graduate from the
comparison to the qualifications for the chosen positions,
which makes it possible to compile a list of candidates for the
recommended positions.

3. Based on the analysis of positions and required knowl-
edge of the specialist, the rules of recruiting were formed,
that is, the rules for recommendations for the positions of
IT-specialists. They imply a comparison of the qualification
level of applicants by the attained competences taking into
account the learning outcomes and the weights of years of
studying and discipline of training, which allows automating
the process of recruiting.
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