Original Research Article: (2019), «kKEUREKA: Physics and Engineering»
full paper Number 4

METHODS FOR FUZZY DEMAND ASSESSMENT FOR
IT SPECIALTIES

Masuma Mammadova
Institute of Information Technology of the National Academy of Sciences of Azerbaijan
9 B. Vahabzada str., Baku, Azerbaijan, AZ1141

Abstract

The rapid development of information technologies and their penetration into various spheres of human activity cause a
sharply increased demand for IT specialists, in many countries of the world far exceeding the supply on them. High rates of tech-
nological transformation contribute to the diversification of the IT segment of the labor market, on the one hand, stimulate the
disappearance of some and the emergence of new IT specialties, on the other. This creates a discrepancy between the structure of
IT-related education and the labor market demand for IT specialists of the required profile and determines the relevance of developing
methods for assessing the demand for IT specialties.

This article is devoted to the study and solution of the problem of identifying the demand for IT specialties in the absence of
accurate and complete information about the situation in the IT market segment. For the assessment of IT specialties and their rank-
ing by the degree of demand in the labor market, the tasks of making individual and group decisions in the context of fuzzy initial
information are formulated and solved. The methodological basis of the tasks posed is multi-criteria decision support methods based
on fuzzy relations of expert preferences.

The proposed approach as a mathematical tool for minimizing the structural imbalance of supply and demand for IT special-
ties is one of the components of the system of intellectual management of the labor market of IT specialists. The latter is designed to
support the adoption of scientifically based management decisions to eliminate the mismatch of supply and demand in the IT segment
of the labor market in professional, quantitative and qualitative sections.
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1. Introduction

Currently, the special role of information technology (IT) in the development of both
the global and national economies, stimulating the growth of productivity, competitiveness
and innovation potential of industries and enterprises is beyond doubt. Large-scale digita-
lization and the transformation of information into a global resource have led to a sharply
increased demand for IT professionals in the labor market, which in many countries around
the world now far exceeds the supply for them. So, according to [1-3] in Europe, the demand
for IT specialists is growing by about 3—4 % annually and is ahead of their supply. According
to experts, the number of IT vacancies by 2025 may increase from 750 thousand to 1 million
compared to 274 thousand in 2013. The shortage of IT specialists observed in almost all EU
countries occurs against the background of a reduction in the number of people receiving the
highest IT profile in Europe, as well as engineering and science education. Probably many of
these potential vacancies will remain unfilled if measures are not taken to attract young people
to IT education, retraining, on the one hand, to systematically update the structure of the IT
professions and specialties, and accordingly, training programs, on the other hand. Growth in
demand for IT professionals and their insufficient supply are also observed in such developed
countries as the USA and Canada [4—6]. The CIS countries, including Azerbaijan, which are
actively integrating into the global information society, also faced the problem of mismatch of
supply and demand for IT specialists [7-9].

Analysis of the demand in the IT segment of the labor market in Azerbaijan, the calcula-
tion of the total number of IT specialists and their supply by the IT profile education system, as
well as the number of IT specialists required to cover replacement, revealed a significant imbal-
ance of these indicators [10—12]. The shortage of IT specialists is mainly covered by the influx
into the IT industry of workers whose basic specialization does not coincide with the professional
structure of their position (for example, representatives of professions that are potentially close to
IT or are completely unrelated to IT work as an IT specialist this industry).
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Technological transformation of the IT sphere requires continuous updating of the profes-
sional knowledge and skills (competencies) of IT specialists. The opening of new jobs demanded by
the digital economy, the expansion of digital labor markets and the growing number of virtual or-
ganizations determine the need for IT professionals with new professional competencies [13]. This
causes the disappearance of some IT professions and specializations due to the obsolescence of a
number of professional competencies and the emergence of others. However, the inert education
system does not have time to respond to rapid technological changes in a timely manner, continu-
ing to produce IT specialists, whose professional knowledge and skills do not correlate well with
current and future labor market needs. At the same time, the IT industry has to constantly adapt
to their rapidly changing requirements in order to maintain competitiveness in the global, national
and local markets. All this contributes to the increasing mismatch between the I'T-specific educa-
tion system and the labor market and leads to a situation where, for a number of new IT specialties
demanded in the labor market, not one university in the country trains specialists.

Today, the problem of identifying the structure and needs of the labor market in the context
of professions and specialties is one of the most relevant and insufficiently studied in many coun-
tries, including Azerbaijan. It is not by chance that the issues of identifying supply and demand
for various professions and specialties, reorienting the education system to the needs of the labor
market in the country as priorities are reflected in a number of political documents [14—17]. They
prioritized the need to solve such important tasks as identifying supply and demand for various
professions and specialties; improving the training of personnel competitive in the labor market; re-
orientation of the education system to the needs of the labor market, i.e. on employers "requirements
for graduates’ knowledge and skills, etc. In this context, the study of the structure of IT specialties
from the standpoint of their relevance in the labor market is a rather important task.

2. Approaches to demand assessment in the IT segment of the labor market in the context of
IT occupations and specialties

The aim of this article is development of methods for demand (necessaty) assessment for
IT professions and specialties, which allow identifying the degree of demand for labor in the labor
market, ranking them in order of increasing (decreasing) significance, determining the level of
structural imbalance of supply and demand in the IT market segment labor.

Problem statement. There are a predetermined number of IT professions and specialties
identified by examining the structure of the IT segment of the labor market. It is required to assess
the need for IT specialties and their ranking (streamlining) from the most promising to low demand
from the positions of demand in the labor market. Let’s note that the ordering of the list of special-
ties takes into account the demand for a particular IT specialty as a whole, and not the likelihood
of employment of each IT specialist.

The problem of assessing and selecting the most demanded IT labor specialties in the labor
market falls under the category of weakly structured tasks that traditionally boil down to making
decisions with fuzzy initial information [18, 19]. This is due to the “soft” nature of the labor market
itself as an object of management, as well as the formation of demand and supply for IT profes-
sions and specialties under the influence of a variety of uncertainties — incompleteness, inaccura-
cy, ambiguity of data. The lack of complete statistical information about the demand and supply
of IT specialties, the difficulty of acquiring reliable information about the labor market status of
IT specialists, the ambiguity of the system of indicators characterizing demand and supply, their
quantitative and qualitative nature, high dynamism of the IT industry lead to an increase in the
uncertainty of the initial information and reduce the effectiveness of management decisions made
by traditional methods [20].

The task of demand assessment for IT specialties as weakly structured is in selection of the
most demanded from a variety of IT specialties and is based on using the preferences of experts or
decision makers. Experts are involved in the process of evaluating IT specialties (alternatives) for a
set of attributes that form the degree of demand for a specialty in the market, and express preference
relations for each of them, and the task of assessing the need for IT specialties can be reduced to
streamlining alternatives with fuzzy initial information [18].
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To assess the demand for IT specialties and their ordering according to the degree of demand
in the IT segment of the labor market, methods of fuzzy multi-criteria adoption of individual and
group expert decisions on the selection of priority IT specialties based on a fuzzy relational knowl-
edge representation model have been proposed [21]. The practical implementation of methods for
assessing the need for IT specialties was carried out on the basis of the list of the latter, formed
during the study.

3. The method of fuzzy multi-criteria adoption of individual expert decisions on the choice of
priority IT specialties

Let’s there are many IT specialties that are subject to assessment and ranking in terms of
their relevance in the labor market. Formally, this set can be described as a set of alternatives

X={x1,x2,...,xn}={xi, izm},
each of which is characterized by a set of criteria
K={k, kyy.k, }={k;, j=1,m].

The task of assessing the need for IT specialties with the greatest demand in the labor mar-
ket is reduced to the task of choosing the best alternatives among the many assessed, taking into
account the attitude of preferences of an individual expert.

The degree of satisfaction of the set of alternatives X to the criteria K

K:{kj,szm}
is determined by the set of membership functions
W, (6): XxK-[0,1], j=1m, (1)

where [ k, (x)) expresses the satisfaction degree of the alternative x, by criterion k.

The choice of the best (non-dominated) alternative is reduced to a multicriteria problem
of fuzzy mathematical programming, for the solution of which the Generalized Bellman-Zadeh
approach [18, 22] is applicable. Moreover, the degree of belonging of alternatives to a fuzzy solu-
tion of the problem is equal to the minimum of these digits for all the criteria K = {k]., j=1, m},
Q=k nk,N..Nk :

Mo (%) =min, (x,), i=1n. ®)

As the best (effective) alternative is selected x*, which has the highest value of the member-
ship function:

Mg(x*)=1}:l%<ukj, (xi)=12%(ug(xi)- A)

This means that the IT specialty corresponding to this alternative is most in demand in the
labor market.

In accordance with the values of the membership functions, expressing the degree of satis-
faction of alternatives to the criteria, IT specializations are streamlined according to the degree of
their demand in the labor market.

4. The method of fuzzy multi-criteria group decision making on the choice of priority IT
specialties

In this case, the task of assessing the demand for IT specialties is reduced to the problem of
choosing among the many evaluated alternatives the best, taking into account the relations of prefer-
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ences of several experts. The satisfaction degree of the set of alternatives X to the set of criteria K is
determined by the set of membership functions

q)kj(xi):XxK—)[O,i]. @)

Set of experts G is formed by the decision maker, who is guided by his own opinion
on the level of their competence. For each of the experts g—G, a fuzzy preference relation is
defined on the set of alternatives X, i. e. membership function of the form y: XxXxG—[0,1].
Naturally, in the process of multi-criteria evaluation of alternatives, experts proceed from their
own preference relations. The value y(x, X, 2) is interpreted as the degree of preference of the
alternative x, to the alternative X, through the prism of the preferences of the expert_g and is
determined as follows:

1-[0Cx;, ) - 0(x,8) ], if o(x;.8)>0(x,.8),

. )
1, it o(x;,8)<d(x;,8),

W(xi’ijg):{

where

9(x,8)=min{g, (x,8).j=1m}.

Using the expression (5) of each expert, a matrix of unclear preference relations of alterna-
tives is determined.

On the other hand, the decision maker unequally evaluates the competence of experts in-
vited by them to assess alternatives. This factor is reflected by the coefficient of competence of
experts: Y(g)—[0,1], taking into account which from the expression

1- [Y(gz)_ Y(g1 )]7 if Y(gz) 2 Y(gl )’

6
1, if v(g,)<v(8), ©

V(gvgz):{

by v: GXG—[0,1] is determined — fuzzy relation of expert competence. The value U(gl, gz) is
understood as the degree to which, in the opinion of the decision maker, the expert g, is more
competent than the expert g,.

After this, the problem reduces to a rational choice of alternatives from the set X, taking
into account the information described above. According to [22], y"*(x,, g) — defined as a fuzzy
subset of non-dominated alternatives, corresponding to a fuzzy preference relation y(x, X, 2))
with fixed geG:

() = 1= sup| W, 6,8) ~ W3, 8) | @)

The alternatives that give the largest possible value of the membership function y"“(x,, g) on
the set X coincide with the individual solution of the g-th expert.

Further, the fuzzy relation v( g ,gQ) is generalized to the class of fuzzy subsets of the set G.
The induced (generalized) fuzzy relation on the set X is defined as follows:

n(x,x;)= sup min{y"" (x,8), 0" (v,.8,).0(2.8,)}- ®

81,8266

This fuzzy preference relation is the result of a “convolution” of a family of fuzzy relations
y(x, X, 2) into a single resulting fuzzy preference relation, taking into account information about the
competence of experts in a given subject area.
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Induced preference relations on the set X make it possible to proceed to the problem of choos-
ing alternatives with a single preference relation by defining the corresponding set of non-dominated
alternatives.

ﬁn.d,(xi):1_sup[n(xj,xi)—n(xpxj)]- ©)

xjeX
Finally, from the expression

" (a;)=min{f{" (x,), n(x,.x,)} (10)

the corrected fuzzy set of non-dominated alternatives is determined and an alternative is chosen
that delivers the maximum of the ¢ (x) function

N (x) = Sugﬂ(x,-)y 11

J

which is the most effective alternative. The selected alternative is the resulting group choice deci-
sion and coincides with one of the individual decisions.

5. An empirical experiment on the fuzzy assessment of the demand for IT specialties

For the practical implementation of the task of assessing the demand for IT professions
and specialties used: a list of IT professions and specialties, based on the results of monitoring
the IT segment of the labor market [9, 20]; data on IT professions and specialties, which are
taught in the education system of Azerbaijan; codifier of professions and specialties ISCO-
08; statistics from the State Employment Service; vacancy announcements in open Internet
resources; employers’ applications for filling vacancies on the websites of recruitment agen-
cies. As a result, the entire list of IT specialties is combined into 14 integrated groups of IT
specialties.

Great importance has the formation of the selection criteria for evaluating the latter for
comparison of IT specialties (alternatives). These criteria, on the one hand, should character-
ize IT specialties from the standpoint of the ratio of supply and demand in the market, on the
other hand, should allow them to be ranked, i. e. ordering in ascending or descending order.
In this case, the criteria characterizing the alternatives can be both quantitative (for example,
wages for the specialty being assessed) and qualitative (for example, the imbalance of supply
and demand).

For selection of criteria and scales for assessing priority IT specialties, discussions were
held with leading experts-experts of the Institute of Information Technologies of the National
Academy of Sciences of Azerbaijan (IIT ANAS), the Ministry of Education, IT industry and a
list of the latter was compiled. As criteria applied to the assessment of IT specialties, the follow-
ing are highlighted:

1. The degree of priority of the IT specialty, both in the context of the industry, and in other
sectors of the economy (k).

2. The imbalance of supply and demand in the context of IT specialties (k).

3. Wages in the assessed IT specialty (k,).

4. The demand for the assessed IT specialties from the position of employment (IT special-
ists with a certain specialization are required to fill the declared vacancies) (k,).

5. Proposal for the assessed IT specialties from the position of employment (IT specialists
with a specific specialization applying for the stated vacancies) (k;).

The procedure for assessing and streamlining alternatives (IT specialties) is as follows:
experts are provided with a full list of alternatives to be assessed, as well as criteria, their terms
(fuzzy grading scales) and the range of the latter. The task of the experts is in assessing each
IT specialty on a set of criteria. When assigning the membership function for each criterion, on
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the one hand, it is necessary to assess the alternative for all criteria (by their set), on the other
hand, to take into account the importance of the alternative for each individual criterion. When
determining the membership functions q)kj (xl.), the criteria scale is used, which, regardless of
the nature of the latter (qualitative or quantitative), determines their values in the interval [0,1].
Fuzzy assessment of criteria has convenient and understandable for experts qualitative grada-
tions and their fuzzy correspondences, which take on the value from the area (range) of changes
in terms (Table 1).

Table 1
The membership functions of fuzzy sets of verbal gradations of the linguistic variable “imbalance of supply
and demand for IT specialties

Terms — fuzzy estimates of the linguistic variable

The name of the criterion gradations “imbalance of supply and demand for

Range of change of membership

(linguistic variable) IT specialties” functions
Optimal (normative) imbalance [0,8:1]
Minimal imbalance [0,6;0,8)
Imbalance of supply and Allowable imbal 0.4:0.6
demand for IT specialties owable imbafance [0.4:0.6)
Critical Imbalance [0,2;0,4)
Total imbalance [0;0,2)

Taking into account the cumbersome fuzzy logic calculations for the full set of alternatives,
the following is a practical implementation of the group decision-making method for their evalua-
tion and ranking using a small dimension as an example.

Let X={T,, T,, T,, T,, T,, T,} — a given set of alternatives — IT professions and specialties.
K=ik, k,, k,, k,, ki} — criteria by which the alternatives are assessed. In this case, the follow-
ing were selected as IT occupations and specialties: T, — programmer, T, — system analyst,
T,— information security specialist, 7,— database administrator, 7,— IT researcher, 7, — network
engineer.

The selection process involves 3 experts. The coefficients of expert competence in accor-
dance with the preferences of the decision maker are expressed in the following values:

Y(G )=0.9, ¥(G,)=1, ¥(G)=0.9.

Tables 2—4 present the results of logical calculations of the degrees of satisfaction of a set of
alternatives to a set of criteria according to the estimates of each of the three experts.

Table 2
Satisfaction degrees of the set of alternatives to the set of criteria according to the estimates of the first expert G
K -

X k, k, k, k, kg min¢ kj(Ti) max@(T)
T, 0 0.54 0.52 0.62 0.82 0 -
T, 0 0.74 0.24 0 0.66 0 -
T, 0.12 0.12 0.50 0.62 0.64 0.12 0.34
T, 0.34 0.40 0.42 0.56 0.52 0.34 -
T, 0.32 0.54 0.56 0.62 0.82 0.32 -
T, 0.24 0.32 0.46 0.54 0.52 0.24 -
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Table 3
Satisfaction degrees of the set of alternatives to the set of criteria according to the estimates of the second
expert G,

X 4 k, k, k, k, kg min(])kj(Ti) max(7)
0.34 0.46 0.32 0.52 0.46 0.32 -
0.8 0.24 0.44 0.72 0.46 0.08 -
0.36 0.32 0.34 0.44 0.32 0.32 0.32
0.34 0.06 0.04 0.14 0.22 0.04 -
0.36 0.32 0.26 0.26 0.22 0.22 -
0.64 0.44 0.24 0.42 0.36 0.24 -
Table 4
Satisfaction degrees of the set of alternatives to the set of criteria according to the estimates of the third
expert G,
X K k, k, k, k, k, min¢, (T) max(7)
0.44 0.32 0.40 0.70 0.60 0.32 -
0.20 0.30 0.10 0.40 0.50 0.10 -
0.20 0.30 0.40 0.50 0.20 0.20 -
0.10 0.10 0.16 0.30 0.04 0.04 -
0.70 0.50 0.70 0.70 0.70 0.50 0.50
0.50 0.50 0.60 0.70 0.36 0.36 -

Here, the membership functions of the solution are determined by the intersection of the
satisfaction degree of alternatives to the criteria, i. .

o(T,)=min {o, (1), j=15}.

T.eX

Alternatives satisfying the condition

max (T;)=max min {0, (T)), j=15},

T e

are the most effective solutions (popular IT specialties). In this case, the most effective solutions
according to the estimates of the first expert G, are the alternative 7, according to the estimates
of the second expert G, — alternatives 7, and T}, according to the estimates of the third expert G, —
alternative 7.

On the basis of formula (5), a comparison of alternatives is carried out, the results of which
for each of the experts are described by the matrices of the non-strict preference, presented in
Tables 5-7.
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Table 5
Relationships of non-strict preferences according to expert G|
r o~ T, 1, T, 1, T, T,
T, 1 1 0.88 0.66 0.68 0.76
T, 1 1 0.88 0.66 0.68 0.76
T, 1 1 1 0.78 0.8 0.88
T, 1 1 1 1 1 1
T, 1 1 1 0.98 1 1
T, 1 1 1 0.9 0.92 1
Table 6
Relationships of non-strict preferences according to expert G,
o~ T, T, T, T, T, T,
T, 1 1 1 1 1 1
T, 0.76 1 0.76 1 0.86 0.84
T, 1 1 1 1 1 1
T, 0.72 0.96 0.72 1 0.82 0.80
T, 0.9 1 0.9 1 1 0.98
T, 0.92 1 0.92 1 1 1
Table 7
Relationships of non-strict preferences according to expert G,
p o~ T, T, T, T, T, T,
T, 1 1 1 1 0.82 0.96
T, 0.78 1 0.9 1 0.6 0.74
T, 0.88 1 1 1 0.7 0.84
T, 0.72 0.94 0.84 1 0.54 0.68
T, 1 1 1 1 1 1
T, 1 1 1 1 0.85 1
Competence of experts is described using the fuzzy relationship matrix “not less important”, calcu-
lated by the formula (6):

1 09 1

1 09 1
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The set of non-dominated alternatives, reflecting respectively the ratio of preferences of each expert,
is presented in the form of a matrix:
1 1 1 1 098 09
078 1 09 1 09 092
088 1 1 1 1 086
Further, using the expression (8)
: n.d. n.d.
W7 =supmin{o™ (T,g,), 0" (7.8, (g &)},
81,82€

let’s obtain the matrix of the induced preference relation on the set of alternatives (Table 8).

Table 8

Matrix of induced preference relationship on the set of alternatives

T
r j T, T, T, T, T, T,

T, 1 0.76 1 1 1 1
T, 0.76 0.76 0.76 0.76 0.76 0.76
T, 1 0.76 1 1 1 0.92
T, 1 0.36 0.9 1 1 0.9
T, 0.9 0.76 0.9 0.98 1 0.9
T, 0.92 0.76 0.92 0.92 0.92 0.92

The expression (9) allows to select an unadjusted set of non-dominated alternatives:
~ n.d.
TH)=1-su T.T.)-n(T.,T.)|,
7"(T)) T’Eg[n( W) -n(T.T)]

L'T, I, T, T, Tj
1t 11 09 09 1°

AT =

Finally, using formulas (10), (11), the corrected fuzzy set of non-dominated alternatives is
determined and an alternative is chosen that delivers the maximum of the function n™4(x):

(1) =min{§"(T), n(T,T,); 0" (T)=maxn™(T,)},

LT, L I, T T
1076 1 09 09 092

nn.d.(T) —

The obtained results allow to conclude that the choice of alternatives 7, and 7 is rational in this
case. This means that the specialties “programmer” and “information security” are the most demand-
ed in the labor market. By priority, alternatives are ranked in the following order: 7, T, T,, T,, T, T,.
In accordance with this ranking, let’s obtain the following ordering of IT professions and specialties:

1. Programmer.

2. Information security specialist.
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3. Network engineer.

4. Database administrator.

5. IT researcher.

6. System analyst.

Expert assessment and fuzzy logical calculations using the proposed methods for all 14
evaluated groups of IT specialties allowed the latter to be streamlined according to the degree of
their relevance in the labor market:

1. Programmer.

2. Programmer-developer (Web, SQL, JavaScript, Linux, etc.).

3. Information security specialist.

4. Information systems specialist.

5. Network engineer.

6. System administrator.

7. Database administrator.

8. IT manager.

9. Sales and marketing manager of solutions and complex technical systems.

10. Consultant for the implementation of IT solutions.

11. IT researcher.

12. Electronic engineer.

13. System analyst.

14. System architect.

Testing the effectiveness of the proposed approach was carried out by comparative analysis
with the results of monitoring supply and demand for IT specialties [9, 20], as well as with the
professional orientation of IT vacancies announced in open Internet resources on the websites of
employment services and recruiting agencies [23—26]. The analysis of the vacancy dynamics in the
above mentioned IT specialties confirms by 80—85 % the obtained ordering, i. e. IT specialties that
fall into the category of priority according to the proposed assessment methodology are also the
most demanded in the labor market.

6. Conclusions

Identifying the demand for IT professions and specialties that are most in demand in the
labor market makes it possible to determine the current and forecast the future structure and vol-
ume of supply for them. This factor should be taken into account when determining the reference
figures for admission of students to universities in the context of IT specialties, which are often not
sufficiently substantiated from the standpoint of supply and demand in the labor market.

The methodical approach proposed in the article for assessing the demand for IT profes-
sions and specialties can support various users (employees of government bodies responsible for
labor market policy and training, educational institutions, employers, individuals, employment
counselors, HR departments, applicants) in obtaining scientifically based information about the
real needs of the IT segment of the labor market and, accordingly, in making scientifically based
decisions.

The methods of minimizing the structural imbalance of supply and demand for IT special-
ties form the mathematical basis of one of the components of the IT specialists’ intellectual labor
market system designed at IIT ANAS. The purpose of the system is in support of the adoption of
scientifically based management decisions to eliminate various types of mismatch of supply and
demand in the IT segment of the labor market.
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