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Abstract

The main mission of institutions of vocational education is to provide the regional labor market with the
necessary personnel, and this is possible only if the network of educational institutions and the list of special-
ties for which graduates are prepared will be brought into line with the needs of the local labor market. That
is why the basis for reforming the system of financing the vocational education institutions in the region
should be based on scientifically based forecasts of demand and supply for the relevant working professions.
In many countries of the world, funding of colleges, technical colleges and other vocational education insti-
tutions is entrusted to local budgets. That is why before allocating funds for the preparation of skilled work-
ers of a particular profession, one must clearly understand the need for these specialists in the regional mar-
ket. Therefore, the issues of material and technical and financial support for regional institutions of education
are directly related to the monitoring of the needs of the regional labor market, the definition of rare occupa-
tions.

The article analyzes the existing methods of research and forecasting the labor market, identifies their main
advantages and disadvantages. The author’s model is proposed, which is based on the evaluation of supply
and demand for the relevant category of labor. Both for demand and supply, the study initially set the indica-
tor, which is the basis for calculations (the calculation base), and then this figure was multiplied by a number
of correction factors to take into account factors that affect their change. The mechanism of their calculation
and the correlation mechanism for each type of economic activity are proposed.
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Introduction

The development of the economy of any country requires an increase in the effectiveness of the use of hu-
man resources. The key task of the modern stage of the development the regional economy in the context of
transition to the innovative development is the harmonization of the links between the sphere of education
and the labor market. The modern state of the development of the labor market is characterized by structural
and dynamical changes that are manifested in the intensification of competition between employers for at-
tracting more qualified workers, raising professional requirements for personnel due to the rapid develop-
ment of information technologies in various spheres of economic activity, etc.

The definition of the demand for the labor market of a country or a certain region in specialists is determined by
at least two main factors, namely: 1) the necessity to take into account current and forecast trends — demand on
the labor market determines exclusively the demand for certain professions and requirements for the level of
nd qualification; 2) educational reforms and administrative and territorial division (financial decentraliza-
tion), which provide for a change in the authority and responsibility for the training of individual specialists.
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For a qualitative breakthrough in solving the problems of the formation of full-fledged forecasts of the labor
market, it is necessary to develop conceptual methods and scientifically based forecasting methods.

When forming labor market forecasts, it is necessary to focus on the needs of a certain territory (region, city,
territorial community) in the graduates of the educational institutions in the context of effective budget use of
local communities and take into account the forecasted tendencies of socio-economic development of this
territory in order to carry out the building the personnel potential of the territory considering its development
strategy.

Literature review

Existing methods of research and forecasting of the labor market, scientific works of researchers, reports of
expert commissions were recommended for the selection of methodology, methods and tools of research. As
evidenced by the analysis, each country has a number of academic and government institutions and organiza-
tions engaged in the development of forecasts of structural shifts from the economic indicators, including
indicators of employment by type of qualifications, occupations, types of economic activity, industries by
sex, age, nationality, employment status and the like. The forecasts are given mainly in the medium term and
adjusted on average once a year. Many models consider the impact of technological and social changes in
economic structure, global economic conditions, changes in consumer preferences, productivity, labor and
geographical mobility of the population on future demand for labor and their supply. Most models use quan-
titative economic and mathematical methods: econometric methods, matrices of interbranch balance, macro-
economic modeling, analysis of structural shifts and others. For the majority of these models the use of large
and complex data array is characteristic. In addition to quantitative methods, we use qualitative methods:
through the analysis of trends and threats, development scenarios, numerous negotiations, interviews and
questioning of graduates and employers: the representatives of industry, private companies, professional and
trade associations, trade unions, training experts and representatives of education sector which contributes to
the quality and accuracy of forecasts.

Regardless of whether the forecasts are concentrated in one institution (for example, the forecast of the US
Labor Statistics Agency) or conducted by several institutions and / or organizations (in Germany and in the
UK), of course, all models are comprehensive and complementary.

The OCCMOD methodology [3], which is used in the UK, is based on the employment model, examines
occupational employment by regions and industries. It assumes the existence of a universal methodology for
various industries.

REPMOD (Meredith, D., 1999) is another technique is also used to predict the labor market in the UK. Its
main idea is to assess the demand for qualified personnel because of the need to replace them by industry,
region and profession. The attention is paid to the approaches to considering the aging process and the geo-
graphic mobility of the population.

The “Occupational sorting model” methodology (Fouarge et al., 2014), which is a model of the personnel
offer, is nother method with the UK. It allows to develop projections of the qualification structure of certain
professions and groups of professions.

The Australian MONASH model [17] is a dynamic computable model of general equilibrium designed for
forecasting and analysis. It provides a forecast of the labor market and a basis for the coordination of histori-
cal data and expert assessments of the future demand for labor. In the framework of this model, approaches
to potential sector, scientific and technical progress are particularly noteworthy.

The German methodology INterindustry FORecasting GErmany (INFORGE) (Lutz et al., 2003), [3; 4] al-
lows forecasting the demand for specialists by types of employment, professional structure and skill level by
extrapolating the main trends by the level of qualification (education) based on the long-term demographic
forecast, and also depending on the forecast of economic activity of the population. Most of all, in this mod-
el, approaches to the consideration of the shadow sector of the economy when calculating labor market de-
mand, as well as the proposal of its authors to add ‘safety margin’ to unaccounted influence factors, are wor-
thy of attention in this model.

The IFO is another methodology of Germany, based on the Cambridge Econometrics models (which include
forecasted GDP, employment and interregional trade by sectors at the regional and national levels) and fore-
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cast data from the European regional economic model (EREMED). In this model, the idea of the need to
estimate the rate of supply increases, depending on the growth rate of demand, deserves attention.

Working Futures methodology (Wilson R. A. et al., 2016) gives a picture of the prospective employment
structure by industry, occupation, skill level by sex and employment status, provides for detailed considera-
tion of sectoral as well as professional changes in the employment structure, considers their potential impact
on qualification requirements for both micro and macrolevel. The input-output matrix, which is associated
with the flow of goods and services between industries and determines the total volume of industrial produc-
tion, is in the center. This is a multisectoral and multiannual diacritical macroeconomic model based on a
parallel assessment of the labor market and energy, environmental and economic issues.

The Qualification ssupply model (Kaminskiene L., 2009) is aimed at future arrivals of persons with different
skill levels, using the national time series model. Its purpose is to assess the quality of the future supply in
the labor market, depending on the emergence of new professions and the necessary level of skills to meet
them.

A series of forecast study reports “The Future of Work and Qualifications in the UK” (Stoermer E. et al.,
2014) provides an analysis of qualitative shifts, likely medium-term and long-term trends and threats in the
labor market. The forecast model is based on factual data, literature reviews, interviews of experts (business,
science and trade unions), discussions at conferences, seminars.

The Russian IBS model [2], (Gurtov, V. A. et al., 2004), (Vasilyeva, Z. A. et al., 2005) is also used for fore-
casting by demand on staff. Proceeding from the fact that this model does not consider a number of parame-
ters affecting the labor market, namely, an increase in the number of working pensioners, academic mobility,
non-linear age and the distribution of workers, special forms of work, its provisions were not taken into ac-
count in this study.

Methods

The supply and demand are the basic categories of research of any market. The indicator which is the basis
for calculations (the calculation base) was initially set in the study for each of them, and then this figure was
multiplied by several correction factors to consider factors that affect the supply or demand on labor. These
coefficients can both increase and decrease the calculated base. The calculation and correction mechanism
was individual in each case.

Demand for labor

To assess the need for specialists in the labor market, the category of unrealized demand for the workforce
was adopted in this paper. This is due to the fact that the available vacancies determine the amount and
direction of financial flows from local budgets and subventions from the state budget to the development of
education in the relevant direction of sprcialists training. The calculation base for estimating the demand for
specialists in the labor market was the number of vacancies for the workforce of corresponding profession.

During this study it was taken into account the fact that there is an objective discrepancy between real and
official data on the number of vacancies in the region that are collected by the regional employment services
and are published on a regular basis (due to the fact that not all employees officially are employed, and also
based on a wide range of possible sources of labor force search by employers). Therefore, to ensure the
reliability of this study, calculated on the basis of official statistical information, the amount of unrealized
demand for the specialists multiplied by the correction factor, the magnitude of which is different for each of
the studied branches of the economy (for the base the indicator of the level of economic shadowing is
calculated and are made public for all sectors).

The factors influencing the unrealized demand for professionals that are considered in this study are:

1) The cost of a workforce of appropriate qualifications. The Correlation coefficient (k™ ), which
characterizes the level of the gap in the amount of the salary of the branches of the relevant industry and the
average wage in the region in the t-th calender year (at the end of the year) was determined in the study as
follows:

KD — 100+ RZ,

! 100 @)
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RZ, - SZ0O, - SZG, @
SZO,

Where:

Rz

t is the gap in the wages of specialists of the relevant industry and the average wage in the region in the
t-th calendar year (as of the end of the year);

520, is the average wage in the region in the t-th calendar year (at the end of the year);

SZG, is the average wage in the relevant industry in the t-th calendar year (at the end of the year).

2) The level of aging of the population in the region (measured as the ratio (number of units) of
able-bodied persons of retirement age in the total number of economically active population aged 15-70 years).
Based on the fact that the age structure of employed people in the branch is uneven, in predicting unrealized
demand for professionals correction factor was introduced that allows to consider that at some point of time the
amount of vacancies on separate branches can increase shortly due to the retirement of employees. The correc-

tion factor (k. ), which characterizes the level of population aging in the region in the t-th calendar year (as of
the end of the year) is determined by the following formula:

k! =1+w,, 3)
Where

W, is the share of pensioners in the structure of the population in the t-th calendar year (as of the end of the
year).
3) The level of substitution of labor for capital in the industry (investments in equipment modernization

and the introduction of new technologies in production lead to the substitution of hired manual labor, making a
large number of low-skilled workers unemployed). The correction factor (k. ), which takes into account the

level of substitution of labor for capital in the region in the t-th calendar year (as of the end of the year) was
determined with the following formula:

s max RZLK —RZLK,  100-RZLK,

' maxRZLK -minRZLK 100 )
Where:
RZLK

tis the level of substitution of labor for capital in the region in the t-th calendar year (as of the end of
the year);

max RZLK js the maximum possible theoretical value of the level of substitution of labor for capital;

MINRZLK' s the minimum possible theoretical value of the level of substitution of labor for capital.
Considering the level of substitution of labor for capital in each area has its own specifics.

When examining unrealized demand for education, adjustments to this parameter should not be carried out,
since the introduction of information technologies in the education sector does not lead to a decrease in
demand for specialists of this profile (for example, educators, tutors, cultural event organizersi, primary
school teachers, etc.).

When examining unrealized demand for the healthcare sector, adjustments to this parameter are also not
implemented, since, as experts mrt medical industry taken part in this study, scientific and technological
progress in this area significantly changes the technology of providing medical services, but does not reduce
the number of junior medical personnel (care for patients, manipulation, maintenance of medical equipment,
etc.), is educated in medical schools.

72



¥ ARMG PUBLISHING
. ‘Thinking ahead” SocioEconomic Challenges, Volume 2, Issue 1, 2018

When examining the unrealized demand for agriculture, adjustments to this parameter should be carried out,
since the introduction of modern technologies for automating agricultural production significantly influenced
the number of necessary workers. Thanks to automation of milk collection processes, processing of grain
crops, packing of finished agricultural products, the need for workers is reduced. This factor is taken into
account due to the application of the correction factor, the basis for calculating which is the volume of
investment in fixed assets in agriculture.

4) The development potential of the industry (in increasing or falling trend of changes in the main indi-
cators of the industry development determines how the demand for labor will change in the future). The po-
tential of the industry development is suggested to be measured by a generalized indicator (based on the base
growth factor)*, which should be calculated as follows:

. for education — by the following formula:
ZNZ DNZ PTNZ
kGE t + Qt + Qt
t

= % i[QtZNZ n QtDNz 4 QtPTNZ] ( )
=1 5

where k& is a general indicator of the development potential of the education sector in the region in the t-th
calendar year (as of the end of the year);

ZNZ
t

year);
QPN* is the number of students at educational institutions of pre-school education in the t-th calendar year
(as of the end of the year);

is the number of students in general secondary schools in the t-th calendar year (as of the end of the

QF™ is the the number of students in vocational and technical colleges in the t-th calendar year (as of the
end of the year);

T is a total number of years of study;

.
%. Z[QtZNZ +Q™ + QtPTNZ] is a simple arithmetic average of the time series levels (chosen as the base
t=1

for the comparisons).

. for the agriculture sector — as the sum of two groups of indicators normalized by the natural method?,
characterizing the state of development of crop production and livestock in the region, weighted by the aver-
age value of each of the indicators for the period under study. The calculation is proposed to be carried out
according to the following formula:

iVRf + iVth
i=1 j=1

ktGSG _ i ' 6)

_ o4 g[év&‘ + JZ;:VTH}

where k¢ is a summarized indicator of the development potential of the industry in the region in the t-th
calendar year (as of the end of the year);

VR! is the normalized value of production volume of main agricultural crops in the region in the t-th calen-
dar year (as of the end of the year);

1 The base growth factor is the indicator of the intensity of change in the levels of the series. It shows how many times the given level of the series is greater than the base level (if this coefficient is
greater than one) or what part of the baseline level is the level of the current period over a certain period of time (if this coefficient is less than one.

2 The natural method of data normalization is the ratio of the difference in the indicator in the current period and the minimum possible value of this indicator to the span (that is, the difference
between the maximum and minimum possible values of the indicator under study.
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VR/ is the normalized value of production volume of grain and leguminous crops in the region in the t-th
calendar year (as of the end of the year);

VR? is the normalized value of sugar beet production in the region in the t-th calendar year (as of the end of
the year);

VR is the normalized value of the volume of sunflower seed production in the region in the t-th calendar
year (as of the end of the year);

VR! is the normalized value of potato cultivation in the region in the t-th calendar year (as of the end of the
year);

VR is the normalized value of the volume of growing vegetables in the region in the t-th calendar year (as
of the end of the year);

VR/ is the normalized value of the volume of growing fruit and berry crops in the region in the t-th calendar
year (as of the end of the year);

VT, is the normalized value of meat production in the region in the t-th calendar year (as of the end of the
year);
VT2 is the normalized value of milk production in the region in the t-th calendar year (as of the end of the
year);
VT2 is the normalized value of egg production in the region in the t-th calender year (as of the end of the
year);
VT,* is the normalized value of the volume of wool production in the region in the t-th calendar year (as of

the end of the year).

° for the healthcare sector, the potential of the industry development is proposed to measure by the
basic growth rate of the population in the region over the year, which is calculated by the following formula:

o =T (7)

%ZKNt

Where

k> is a summarized indicator of the health development potential in the region in the t-th calendar year (as
of the end of the year);

KN, is the population in the region in the t-th calendar year (as of the end of the year);

.
}'I/' Z KN, is a simple average absolute population for the period under consideration.
t=1

Since other factors that could not be included in the list listed above can also affect the unrealized demand,
then one more component was added to the calculated based on the available statistical information of the
unrealized demand for specialists and staff — the standard deviation of this indicator, determines lower and
upper limits of possible values. This gives an opportunity to consider the possible variation in the amount of
unrealized demand due to the influence of additional factors.

Proceeding from the above, the volume of unrealized demand for specialists and workers in the region in the
t-th calendar year (as of the end of the year) ( D,) is proposed to be calculated as follows:

D, =V, -K!-kf- -k -k’ -kP*+o, (8)
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where V, is the number of vacancies for specialists in the relevant profession (specialization) in the area in
the t-th calendar year (as of the end of the year);

K is a correction factor that considers the objective discrepancy between real and official data on the
number of vacancies in the region (the indicator of the level of shadowing the economy, which is published
annually for all sectors, is taken as the basis) in the t-th calendar year (at the end of the year);

k‘p is a correction factor that takes into account the development potential of the industry in the area in the t-
th calendar year (as of the end of the year) ((the education sector (k°F), the agriculture sector (k>*¢), health
(k™))

o Is the average quadratic deviation of the unrealized demand for specialists and workers of the relevant

industry in the region for the considered time interval (it makes it possible to determine possible boundaries
of fluctuations of this indicator to consider the influence of additional factors).

Supply of labor

To assess the need for specialists and workers in the labor market of the region, the category of unrealized
supply of labor was adopted, since it describes the currently available amount of free labor in the market.
The sum of the following three indicators was the calculation base for estimating the supply of specialists
and workers in the labor market of the region:

> the number of graduates of vocational schools of the relevant specialty in the region;

> the number of unemployed professionals in the relevant profession who are registered with the
regional employment service and district employment centers;

> the volume of created workforce because of training and retrainingthe unemployed people in the
region. Personnel retraining can increase or decrease the supply of workers and specialists to higher
education in certain professions. So, for example, if the driver of agricultural (forestry) production is
retrained to a gypsum worker, the supply of labor is reduced in the labor market in the agriculture branch,
and increases in the construction branch).

The factors influencing the amount of unrealized supply of specialists and workers in the field that were
considered in this study are:

1) the value of the workforce of the relevant qualification (measured as the ratio of the salaries of
specialists and workers in the relevant sector (per 1 worker) to the average wage in the region as a whole.
The volume of unrealized supply of specialists to higher education and workers usually increases with the

wages growth in the industry. To account for this factor, a correction factor (k™ ) is used, which is rooted in
the following way:

s 100-RZ
=0 ©)
where RZ

t is the gap in the amount of wages of specialists and workers in the relevant industry and the
average wage in the region in the t-th calendar year (as of the end of the year);

2) the level of economic activity of the population in the region (measured by the basic growth
factor, which is calculated as the ratio of the number of able-bodied population aged 15-70 in the current

year to its average for the entire period of study). The correction factor (kta ), considering the level of
economic activity of the population in the t-th calendar year is calculated based on the following formula:

a REAN
ki = 2016 t (10)

> REAN

t=2001

t
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where REAN, is a level of economic activity of the region’s population in the t-th calendar year (as of the
end of the year).

3) the level of labor migration (migration growth is measured by the difference between the amount
of arrival in the region and the departure from the workforce of relevant qualification). Considering this
factor has become particularly relevant in recent years, as many unemployed people and graduates of

vocational schools migrate to other regions of the country and abroad in search of high-paying jobs. The
level of labor force migration, the correction factor for the volume of unrealized supply of specialists and

workers (k,™) of the region in the t-th calendar year (as of the end of the year) was calculated as follows:
o MP, —mtln{MPt}
t —~min{MP,}

(11)

where
MP, is the minimum possible value of the migration increase for the time interval under investigation.

Taking into account the fact that other factors that could not be included in the list of specified above can
also pour on the unrealized proposal, then one more component was added to the calculated on the basis of
the available statistical information of the unrealized supply of specialists and workers, the average quadratic
deviation of this indicator determining the lower and the upper limit of possible values. This fully gives an
opportunity to take into account the possible variation in the amount of unrealized supply due to the
influence of additional factors.

Proceeding from the above, the volume of unrealized supply of specialists to higher education and workers in
the region in the t-th calendar year (as of the end of the year) (S, ) was calculated as follows:

St :(Gt +Ut _"Qt)'ktC : kta 'ktm tog (12)

where G, is the number of graduates of vocational schools of the relevant profession (specialization) in the
t-th calendar year (as of the end of the year);

U, is the volume of unemployed people in the region in the t-th calendar year (as of the end of the year);

Q, is the number of new workforce because of training and retraining of the unemployed people in the re-
gion in the t-th calendar year (as of the end of the year);

kS is the correction factor characterizing the labor cost of the relevant qualification in the region in the t-th
calendar calendar year (as at the end of the year);

k." is the correction factor, characterizing the level of migration of the region’s labor force in the t-th calen-
dar year (as of the end of the year);

o4 is the average quadratic deviation of unrealized supply for specialists and workers of the relevant

industry in the region over the considered time interval (it makes it possible to determine possible limits of
fluctuations in the volume of unrealized supply of specialists and workers in the relevant industry).

Labor market outcomes (interrelation of supply and demand for labor)
The study made it possible to identify the three most common approaches to analyzing the labor market:

1) structural approach is acquired through a comparison of its main structural components supply and de-
mand:;

2) market approach is the interpretation of the labor market outcomes as a market situation trends and
tendencies which are described by a large number of various indicators and generally indicate the level of
competition in the market;
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3) factor approach is the explanation treatment of the labor market as a set of factors and conditions that
cause changes in the development of this market.

The first approach, the structural one, was adopted as the basic one in this study. According to him, the
difference between the volume of unrealized demand and the unrealized supply of specialists to higher
education and workers of the relevant industry in the region makes it possible to establish the type of labor
market outcomes in the labor market of the corresponding sector (balance, labor deficit, labor surplus).

Schematically described above, the logic of assessing the main parameters of the labor market in the region
is shown in Figure 1.

(1 ahar market aot. ) | The number of graduates
Labor market out- | Oer of gradu
3 The number of | | COMES | of vocational-technical
S| |vacanciesforspe-) I LUTES , |educational institutions of
S| | cialists inthe rel- ‘ relevant profession in the —
< || evant profession @ < field @
3 in the field 2
8 The number of unemployed S
> — people in the relevant profes- 1— | &
— sion in the region =
The cost of ap- 9
ropriate skill in o T
| P pth fod Labor deficit The volume of created O
emne > '8 C labor force in the course
g QL * of training and retraining [
. The cost of & corre. o Sl |of unemployeq people in
S [ spondingskill inthe - 3 2 the region
g field of demographic @ - N - .
“ situation N © The level of economic
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Figure 1. Schematic representation of the approach to assess the main parameters of the labor market in the region
(market segment presented by specialists and working professions)

When determining the quantitative ratio between the supply and demand of the labor force, it is important to know
whether the share of demand provides 100% of supply, or in another interpretation: how many percentages of the
supply account for 100% of the demand for labor.

For the immediate calculation of demand for personnel (deficit or surplus) in a certain area, the gap between sup-
ply and demand ( INN,), which characterizes the deficit or surplus of labor in the region in the t-th calendar year

(at the end of the year) is estimated by the following formula:
INNt = (St - Dt) T Onn = ((Gt +Ut +Qt)' ktCD 'kta : ktm)_(vt : ktCS : ktd : ktS : ktp) o (13)

where
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o IS the average quadratic deviation of the gap between the demand and supply of the relevant industry in

the region over the considered time interval (allows to establish possible limits of fluctuations in demand for
personnel).

The main stages of the assessment of the labor market needs of the region in the workforce and specialists
are given in Table 1.

At the first stage of the study, the analysis of statistical indicators of the dynamics of supply and demand
indicators in the labor market was carried out for each branch. These indicators are the number of employed
people, the number of unemployed people, the number of graduates of vocational schools, the average wage,
the number of economically active population and others. The list of indicators was differentiated depending
on the specifics of the field of research and those factors that were most significant for the given industry in
the formation of demand and supply. This analysis made it possible to understand the vectors for further
development of the industry under study and to identify a number of regional features that are specific for
this particular area.

At the same time, reliable information for a long period of time was available for each of the investigated
factors. To obtain an adequate forecast, the retrospective period of analysis should at least 4 times exceed the
prediction period. For example, if you need to build a forecast for 5 years, then you need to have reliable
statistics for each indicator for 20 previous years. Repeated reforms of the statistical information system in
Ukraine have led to the fact that available or abrupt information (only for certain periods) or the object of
statistical recording itself has been transformed.

Table 1. Stages, tools and results of assessing the needs of the labor market in the workforce and specialists

in higher education

Stage Essence Mathematical tools Result
1 Analysis of current trends in the T
. Statistical indicators, .
e, oy, | relverctrsol | e Eir e e deveepment o e
- o . dynamics, graphical meth- . y gron,
in the regional labor market of this od regional labor market of this branch
sector

® | fctos of nfluence on the supply and | Metiod of i compo- | SR FE N korce of he
demand of the workforce of the rele- nents (calculations with relevant profession (qualification), only those
vant profession (qualification) in the Eg%hellg(ogt;?fs tsicc)i;t\év;lre whose influence is the most significant in the
field P field

3 . . . . A homogeneous array of incoming information
e i | S e .| e, cjecively (it st
Ing atypic Y . reflects trends and dynamics of changes in those
ing a crisis, electoral processes, natu- | using the Irvine method factors of influence on the suoolv and demand
ral disasters, etc.), which can lead to | and the modified Irwin of the labor force of the relevgﬁtyin dustrv. which
distortion of results method P austry,

are the most significant for the region

4 Constructed mathematical equations describing
Mathematical calculations of the level the dependence of the level of supply and
of demand and supply of the labor Additive method demand on the labor force in the relevant
force of corresponding profession industry in the region from the most important
(qualification) in the field factors of influence on them (these factors

were selected in stage 2)

5 1. The integral indicator “The need for
Estimation of the difference between specialists in higher education and the work-
the volume of unrealized demand and Normalization force of the relevant industry in the region” is
mgr:lenrrzgtégggﬁ F;?\gv?/];?lggcsl?lr:stﬁeto multiplicative convolution gaICUIaIEdThe type of conjuncture in the labor
relevant industry in the field market of the relevant industry was determined:

balance, labor deficit, labor surplus

o[ et o ks btveen e sttt mocetin | TN ot N e sy f e o
of the relevant profession (qualifica- culations using the soft- region increases with an increase of 1% in the

L ntp g ware complex Statistica 8) g -
tion) in the field level of demand for this labor force

Therefore, to form an adequate array of incoming information necessary for reliable mathematical calcula-
tions of the need for specialties and workers in the relevant field of the branch, the number of indicators for
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analysis should be reduced but the credibility of calculations should not be lost. Since the individual indica-
tors that are included in this study are interdependent (multicolinear), therefore their simultaneous recording
may lead to the results distortion. To solve this problem, the principal component analysis (PCA) has been
recognized by the world expert community, which makes it possible to single out the main components, or
generalized characteristics on a large scale of initial characteristics, describe the processes in the labor mar-
ket of the region within a certain industry with a high degree of reliability.

Another important component of the quality assurance of the research is to bring the available array of statis-
tical information to a homogeneous form (that is, when there are no atypical, abnormal observations, unex-
pected fluctuations, and distortion of trends). The violation of homogeneity of the initial information can
become one of the significant problems since abnormality leads to a shift in the estimates and distortion of
the results of the analysis. To solve this problem, the existing series of the dynamics of factors affecting sup-
ply and demand for the labor market of the relevant industry were tested for homogeneity by the Irvine
method (to identify abnormalities in main tendencies of changes in studied indicators, trends) and the modi-
fied Irwin method (to detect abnormalities in seasonal and cyclical fluctuations of time series). After that, the
critical points of the dynamics series were smoothed and the final array of incoming information formed,
which maximally satisfies the requirements of statistical data processing. An important factor in the evalua-
tion of supply and demand for the labor market is the verification of the data array for stationarity (the pres-
ence of a trend in time series). Stationary time series assume that the process under investigation is linear,
not periodic, that is, it does not depend on a specific time period. When researching the labor market, the
requirement of stationarity of the time series is important, since the supply and demand of labor has changed
significantly during the crisis periods, depending on the changing political situation in the country, the visa
regime, etc. In this study the stationarity of time series was determined on the basis of the method for check-
ing the differences in the mean levels. Critical points were also determined, that is, those values that are not
characteristic of the general pattern and can distort further calculations.

The quantitative estimation of the level of interrelation between supply and demand for the labor market of
the studied industries was carried out using the structural modeling method, which is also called the structur-
al equation modeling (SEM) method. This method uses the ideas underlying regression analysis, but is fun-
damentally different from it due to complex multidimensionality, that is, the ability to take into account the
set of dependent and independent variables in the model. The method of structural modeling was chosen for
this study, because it is one of the few methods of analysis, which allows to build and visualize complex
systems of links between variables, including those that are not directly observed. Another reason for the use
of this particular method is the possibility to work with data that does not correspond to the normal distribu-
tion (the so-called multidimensional abnormal data) and to the missing data (this is important when in the
annual statistical yearbooks in certain periods, data are not available).

Calculations using the method of structural modeling were carried out using the statistical software package
Statistica 8, which allows the implementation of functions of data analysis, data management, data search,
data visualization using statistical methods.

Results

Practical calculations based on the proposed methodology were carried out for three types of economic activ-
ity education, agriculture and medical care on the example of Sumy region (Ukraine).

To calculate the demand for personnel (deficit or surplus) immediately, the calculations of the gap between
supply and demand were performed. The results are presented in Table 2. The results of estimating the pos-
sible limits of fluctuation of this indicator during 2014-2016 are given in Table 2.

Table 2. Results of the assessment of the level of demand (demand-supply) in specialists
in the field of education of Sumy region for 2014-2016

. S . e Junior specialists in o .
Junior specialists in Junior specialists in o . Other junior specialists
Year primary education preschool education Spec'igﬁigéz{r’fc'al) in education
2014 -102 -87 -39 -349
2015 -98 -95 -38 -295
2016 -141 -131 -55 -337
Mean deviation 24 24 9 28
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Table 3. Results of the calculation of the upper and lower bounds of demand fluctuations (demand-supply) in
specialists in the field of education in Sumy region during 2014-2016

. S . L Junior specialists in A -
Junior specialists in primary Junior specialists in preschool - - Other junior specialists
: - specialized (special) . .
education education : in education
Year education
Lower Lower Upper Lower Upper
Lower bound Upper bound bound Upper bound bound bound bound bound
2014 -78 -125 -63 -110 -29 -48 -321 -378
2015 -74 -121 =72 -119 -29 -47 -267 -324
2016 -117 -165 -108 -155 -45 -64 -309 -366

As can be seen from Table 3, it can be concluded that during 2014-2016 there is an increase in the surplus of
specialists in primary education, pre-school education, specialized education, the greatest surplus of other
young specialists in the field of education. Potential fluctuations in the need for these specialists due to pos-
sible impact of unaccounted factors do not change the situation in the labor market of this sector: the need for
junior specialists in preschool education, preschool education and other junior specialists in the field of edu-
cation is growing or decreasing by an average of 26 people, and fluctuations in the need for junior specialists
in the field of specialized (special) education in general is at a minimum level of + 9 people. Thus, the con-
juncture of the labor market in the field of education in Sumy region is labor-surplus, the market is oversatu-
rated by junior specialists with primary education, junior specialists in preschool education, junior specialists
in the field of specialized (special) education and other junior specialists in the field of education.

The definition of demand for workers in agricultural sector is given in Table 4.

Table 4. The results of assessment of the level of demand (demand-supply) in specialists and workers in the
agricultural sector in Sumy region during 2008-2016, people

Workers serving agricultural | Drivers of motor transpor .
a?1d %tizf mol:g Iigi ng'?altll;-a and ?nZt%cyc(I)gs) atng c?t%%rt I\c/)lfe f:::ﬁgiﬁ;? :;Z?;Tﬁgts Workers engaged in forestry
Year tions maintenance workers
It‘)gmeé Upper bound tgmeé Upper bound It_)gmedr Upper bound Il;gmedr Upper bound
2008 -1554 -2216 -1029 -1438 -652 -996 -259 -383
2009 -790 -1452 -548 -958 -295 -638 -123 -247
2010 -1315 -1977 -395 -804 -350 -693 -235 -359
2011 -802 -1464 -523 -933 -174 -517 -197 -321
2012 -685 -1347 -471 -881 -146 -490 -108 -232
2013 -622 -1284 -348 -758 -115 -458 -117 -241
2014 -953 -1616 -721 -1130 -252 -595 -145 -269
2015 -548 -1210 -479 -888 -88 -431 -139 -263
2016 -825 -1487 -612 -1022 -225 -568 -258 -382

Table 5. The results of assessment of the level of demand (demand-supply) in specialists and workers in the
agricultural sector in Sumy region during 2008-2016, people

Mechanics and installers of
Food controllers electrical qnd electronic Welders Livestock farmers
Year equipment
tgmec; Upper bound Iggmec; Upper bound It_)gmedr Upper bound Iﬁgmedr Upper bound

2008 -174 -256 -167 -269 -323 -511 -629 -1021
2009 -82 -164 -162 -264 -215 -403 -95 -486
2010 -160 -243 -143 -245 -212 -400 -137 -529
2011 -140 -223 -117 -219 -90 -278 -38 -430
2012 -81 -163 -69 -171 -65 -253 -7 -399
2013 -69 -152 -47 -149 -39 -227 -6 -386
2014 -143 -225 -184 -286 -130 -318 -50 -442
2015 -118 -200 -74 -176 -65 -253 -39 -431
2016 -174 -256 -72 -173 -91 -279 -107 -499
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Table 6. The results of assessment of the level of demand (demand-supply) in specialists and workers in the
agricultural sector in Sumy region during 2008-2016, people

vor | Sacirologicalanelys Gardeners and farmers e etecive serites
Lower bound Upper bound | Lower bound Upper bound Lower bound Upper bound
2008 -64 -99 -122 -172 -11 -24
2009 -19 -55 -49 -99 -6 -19
2010 -29 -65 -57 -107 -10 -23
2011 -12 -48 -55 -105 0 -14
2012 -12 -47 -55 -105 0 -13
2013 -9 -44 -55 -105 7 -6
2014 -20 -56 -75 -125 2 -11
2015 -4 -39 -68 -117 -6 -20
2016 -26 -61 -100 -150 -11 -24

The calculations of integral indicator of labor market demand for specialists and workers in Sumy region in
the field of agriculture showed the following:

» There is a surplus of specialists and workers in pre-higher education in all analyzed professions of the
labor market of agricultural sector;

» During 2008-2016, there is an annual decrease in the surplus volume of specialists to higher education
and workers in Sumy region on average by 5%;

» About a third of the total surplus labor in agriculture in Sumy region is represented by workers serving
agricultural and other mobile installations. At the same time, during 2008-2016, there is a reduction in
the surplus of these specialists (junior specialists) and workers: in 2008 there were 1884 + 331 people,
which is 729 + 331 less than in 2016;

> About 20% of the surplus of specialists (junior specialists) and workers in the field of agriculture whose
qualifications are sufficient to work as drivers of auto and motor vehicles and other workers in the
maintenance of auto and mototransport machinery, potentially unemployed people or likely to change
their profile activities. This situation leads to increased competition among workers, since their supply is
much larger than the level of demand on the market;

» The smallest gap between demand and supply is observed for gardeners and farmers (at the end of 2016
— 125 + 25 people), laboratory assistants for chemical and bacteriological analysis (as of the end of 2016
—43 £ 18 people), as well as security guards at the end of 2016 — 18 + 7 people).

Thus, the conjuncture of the labor market in the agricultural sector in Sumy region is labor surplus, the mar-
ket is oversaturated by specialists in prehigher education and workers of the agricultural sector.

The results of calculations of volume of unrealized supply in the labor market in the health sector are given
in Table 7.

Table 7. The results of calculations of unrealized supply of specialists to pre-higher education in the field of
health in Sumy region during 2014-2016

Specialists in biology Support sta ff in the ﬁ.EId of mod- Nurses and midwives
Year ern medicine, physiotherapy, . L
and agronomy - ) assisted by professionals
pharmacy and veterinary medicin

2014 -20 -306 -231
2015 -18 -290 -246
2016 -11 -262 -219
Mean deviaton -5 -23 -14

The calculations showed that the most advanced services were offered by auxiliary personnel in the field of
modern medicine, physiotherapy, pharmacy and veterinary medicine. Thus, the unrealized supply of special-
ists to pre-higher education of this profession, although it decreased by 44 people during 2014-2016, howev-
er, it remained in 2016, at a fairly high level — 239 people.
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A similar trend is typical for nurses and midwives (despite the reduction in the volume of unrealized supply
in 2016 for 26 people compared to 2015, the total volume of this indicator in 2016 was 206 people).

The findings make it possible to draw the following conclusions:

» In 2016 there was a shortage of specialists in higher education, namely: workers in the field of biology
and agronomy (4 people), support staff in the field of modern medicine, physiotherapy, pharmacy and
veterinary (3 people), as well as nurses and midwives who assist professionals (71 people), since the
value of the integral indicator is less than O.

» During 2014-2016 there was a positive tendency to reduce the gap between the unrealized demand and
the supply of support personell in modern medicine, physiotherapy, pharmacy and veterinary medicine
(for 81 people). At the same time, the surplus of these specialists in the regional labor market in 2016
still was 97 people.

» Assuming that other factors not included in this study can influence demand and supply, the potential
limits of the need for personnel are as follows: in 2016, the number of specialists in the field of biology
and agronomy varies from -10 (shortage) to 2 (surplus) of persons; the number of support personnel in
the field of modern medicine, physiotherapy, pharmacy and veterinary medicine varies from -49
(shortage) to +44 persons (surplus) the number of nurses and midwives varies from -111 (shortage) to
+30 (surplus).

Thus, the conjuncture of the labor market in the health sector in Sumy region, depending on the period of the
study, is labor surplus for 2014-2015 and it is labor deficit in 2016. So, for three years under investigation
the gap between unrealized demand and unrealized supply within the studied professions gradually de-
creased.

Conclusion

The calculations carried out for three types of economic activity education, agriculture and medical care
showed that the labor market conditions for these types of economic activity are surplus, the market is over-
saturated by junior specialists in the field of education, agriculture and medical care, however, the gap be-
tween demand and supply is within the studied professions.

In general, the list and scope of educational services by regional educational institutions should clearly corre-
spond to the needs of regional enterprises, that is, to ensure the renewal of the labor market with the neces-
sary specialists. Therefore, topical areas for further research are the development of criteria for optimizing
the network of vocational education institutions in the region, the amount of their funding, directions and
training levels.

In countries with a successful system of professional education, representatives of regional educational insti-
tutions, local authorities, local business and industry are actively engaged in dialogue. All parties are inter-
ested in the development of vocational education, determining which specialists are needed right now for
business, and which will be in demand in a year or two, given the development trends of local business. To
use resources more efficiently, mergers of vocational education institutions are used to create large training
centers. In Denmark, there were associations of centers for professional development at the Ministry of La-
bor and traditional vocational colleges subordinated to the Ministry of Education, and they created large edu-
cational institutions under the auspices of the Ministry of Education. A similar approach was applied in Es-
tonia. There, the network of vocational education and training institutions was reorganized to create large
centers of professional training. In the period from 1994 to 2003, thanks to the merger, the number of state
vocational education institutions in Estonia decreased from 77 to 52. In most countries of the European Un-
ion, enterprises cooperate with schools through apprenticeship programs and tax incentives, involving neces-
sary specialists to the production.

The reform of the system of financing vocational education in the region should be based on forecasting the
needs of the regional labor market for the short and medium term in terms of the training of skilled produc-
tion personnel for a certain range of professions and qualification levels. For countries where vocational edu-
cation funding is provided from local budgets, these forecasts should form the basis for developing proposals
for the formation of a regional training order. In the context of limited local budgets, it is important to pro-
vide financial support to those educational institutions that train specialists whose demand in the region is
high, and the proposal does not cover it. To correct disparities in regional labor markets, it is important to
assist vocational education institutions in attracting investors, participating in international projects, which
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will attract not only budgetary but also extrabudgetary funds for the development of vocational education. In
addition, forecasts of labor supply and demand in regional labor markets can form the basis for the formation
of adult education programs, retraining of the unemployed people and people who may lose their jobs as a
result of the excess working population in the relevant segment of the labor market, the upgrading of skills of
workers and the like.

This article was performed under the guidance of Dr. Prof. Tetyana Vasilyeva within the framework of the
project “Modeling and forecasting of socio-economic-political road map of reforms in Ukraine for transition
to the model of sustainable growth (Ne of the state registration: 0118U003569)”.
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