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Pedepat. B cratbe npeiaraercs opuriHaigbHas MOJEb K OLEHKE CTENEHH KOHKYPEHTOCIOCOOHOCTH, YCHEIIHOCTH CYOBbEKTOB Ha PhIHKE
TpyZa. ABTOpBI YKa3bIBalOT, YTO YHHBEPCAIbHbBIH KOMIUICKCHBIH IOKa3aTelb KOHKYPEHTOCIIOCOOHOCTH WHIMBHJAA Ha PBIHKE Tpyla He
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pa3InyaroIuXcs A1 BHYTPEHHETO U BHEILIHETO PHIHKA TpyJa. B oCHOBE MpeioKeHHOro NOAX0Aa JIEKHUT MOJIEb OLCHUBAHUS JTaTCHTHBIX
HepeMeHHbIX 1Mo MeTony Pama. Mozenb oleHHMBaHHS MO3BOJISET MOIy4aTh OOBEKTHBHBIE 00OOIICHHBIE OLEHKH KOHKYPEHTOCHOCOOHOCTH
CYOBEKTOB MO JHMHEHHOW Oe3pa3MepHOW IIKajle Ha OCHOBAaHMH YaCTHBIX OLCHOK IO BBIOPAHHBIM KpUTepHsAM. [Ipon3BOJBHBIA BBIOOD
KPUTEPHUEB TI03BOJISIET HPHMEHSTh MOJENb B Pa3iHYHBIX CETMEHTaX pbIHKa Tpyaa. B pabore mpuBeaeHO MaTeMaTHYecKoe OOOCHOBaHHUE
MOJIEJNIH, METOJ0JIOTHSI BBIOOpa OLIEHOYHBIX KPUTEPUEB, METOJMKA IMOJIy4eHMs! OLEHOK B cpene MS Excel, npoaHanu3upoBansl cBOicTBa
MOJTYYEHHBIX OLCHOK U MPOBEJECHO MX CPaBHEHHE C OLIEHKAMH, MOJYyYEHHBIMH 10 KJIacCHUYeCKUM MeToaukaM. IlpemnoskeHHass aBTopamu
MOJIETIb TTO3BOJIIET BBECTH B KaUECTBE IEPEMEHHOHN JTIO0YI0 KOJMYECTBEHHYIO XapaKTEPHCTHKY KOHKYPEHTOCIIOCOOHOCTH IOCIIE aHaIn3a
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Summary. The article suggests innovative model for assessment of labour market subjects’ competitiveness, or successfulness. The authors
state that general complex indicator for individual competitiveness within the labour market cannot be identified. Instead, precise enough
assessment of such competitiveness can be based on some variables, though different for in-house and external labour market. The model of
latent variables’ assessment based on Rasch’s method was selected as the base for the suggested method. The assessment model gives unbiased
generalized values of subjects’ competitiveness on the linear non-dimensional scale based on the partial estimates of the selected criteria. The
free choice of these criteria allows the model’s appliance for various labour market segments. The article demonstrates the mathematical
grounding for the model; methodic of the assessment criteria selection; the way of assessment performance using MS Excel. It also analyses
the features of the obtained estimates and shows their comparison with the estimates obtained by traditional methods. The model suggested by
the authors can introduce any quantitative parameter of competitiveness as a variable after analysis of the factors affecting it. The quantitative
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within the labour market cannot be identified either
in general or for specific individual cases. How-
ever, precise enough assessment of such competi-
tiveness can be based on some variables, though
different for in-house and external labour market.
The task was to obtain unbiased estimation of indi-
vidual competitiveness parameter for an arbitrary

Introduction

Here we suggest innovative approach to as-
sessment of qualitative indicators describing the
degree of success of labour market subjects. This
approach is based on mathematical model of latent
variables, particularly, on Rasch’s method devel-
oped in the second half of the twentieth century and

recently often applied for similar problems in vari-
ous fields of science.
Problem statement and the way of its solution
Based on the results of our research we can
state, that general complex indicator for quantita-
tive assessment of individual competitiveness
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subject within a certain labour market segment.
For such tasks in various fields of science re-

searchers recently use mathematic approach based

on latent variables’ theory. Mathematics and statis-

tics define the term ‘latent variable’ (or implicit

variable) as such a variable that cannot be directly

measured. Such variables may be estimated only by

For citation

Sabetova T.V., Moiseev S.I. Labour market participants’
competitiveness assessment based on latent variables theory. Vestnik
VGUIT [Proceedings of VSUET]. 2017 T. 79. no. 2. pp. 210-218. (in
Russian). doi:10.20914/2310-1202-2017-2-210-218



Becmuux BTYHIIT/Proceedings of VSUET, I11. 79, Ne 2, 201Z

means of some mathematical models as the func-
tions of a number of observable variables. These
directly measurable observable variables are called
indicator variables and the estimation of the latent
variables is performed on their basis.

In our case the parameter describing an indi-
vidual’s competitiveness within the labour market
is typical latent variable. In order to measure it one
uses measurable indicator variables describing the
latent one from some or other point of view.

For the external labour market such varia-
bles include the degree of individual unemploy-
ment risk and its duration as well as wealth
achieved through employment. For the labour mar-
ket within a company the size and structure of the
labour remuneration may also be an indicator of
competitiveness, but this parameter is often dis-
torted by the factors external to the employer. We
accept that the more relevant indicators are the du-
ration of employment within the company and the
speed of the vertical career.

A certain individual at the end of his work-
ing life can analyze his competitiveness in retro-
spect and estimate the stated parameters. However,
there is almost no practical use in such analysis be-
cause of volatility of all external factors and the
ways an economic individual adapts to them. In
other words, it is easy to find out what made the
father successive but this knowledge cannot help
the son as the latter lives and acts under completely
different conditions. Therefore, the need for pro-
spective individual competitiveness assessment is
great in the labour market, and this can be per-
formed based on the forecast of the quantitative
success parameters we have indicated.

After studying the designed methods for
competitiveness assessment for both economic
subjects — companies and individuals, we came to
the opportunity to suggest our own method of esti-
mation of the individual’s labour market competi-
tiveness parameters based on the latent variables’
measurement theory.

The first logically completed theory for la-
tent variable measurement was latent-structural
analysis [1]. However, latent-structural analysis
had considerable limitations in terms of practical
appliance, and by now it is used in few scientific
areas like sociology, psychology, etc.

The pioneer of the contemporary theory of
latent variables’ measurement is Georg Rasch.
Rasch’s model [2-4], unlike the other approaches
to latent variable’s measurement, obtains the esti-
mates in a linear scale and in non-dimensional units
called logits. It presents a number of advantages:

1. Rasch’s model allows to transform the
indicator variable measurements in dichotomous,
attributive, or continuous scales into linear
measurements, thus enabling qualitative data
adaptation for qualitative analyzing methods.
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2. As the measurement scale for Rasch’s
model is linear and non-dimensional, whole wide
variety of statistic procedures and data processing
methods can be applied to the obtained results.

3. Subject’s latent parameter estimates do
not depend on the indicator variables, but are the
individual characteristics of each subject.

4. Alone with the subject’s estimates the
model provides the estimation of the features of the
indicator variables’ themselves, and these esti-
mates also do not depend on the set of the estimated
subjects, but are their individual characteristics.

5. Due to rather simple structure of the esti-
mation model there are convenient computing pro-
cedures for obtaining the estimates which may be
implemented for PC using available software.

If we use Rasch’s model to assess subjects’
competitiveness within the labour market based on
certain estimation criteria (indicator variables), this
helps to fulfill the achieve the following objectives:

1. To obtain unbiased estimation of compet-
itiveness for each subject within a certain group on
a linear interval scale. Such estimates allow rang-
ing of these subjects in the group which, in its turn,
enables the researcher or manager to make some
decisions concerning, for instance, personnel im-
provement, employment, risk-management, etc.

2. To obtain the criteria feasibility estimates
based on the whole group of subjects, enabling
analysis of the general conformance to some or
other criteria and requirements, for example, in the
area of professional aptitude, educational stand-
ards, motive and stimuli for the whole group which
can be a company’s staff, a university students, etc.

The structural scheme of the model’s perfor-
mance is shown in the figure 1.
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Figure 1. The structural scheme of the model for
individual’s competitiveness assessment
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Let us see its appliance for an example. Sup-
pose, these is a company in need of recruiting of
one or more employees. Each candidate is assessed
individually alone with the others and in accord-
ance with the selected criteria. The results are pro-
cessed using Rasch’s method. As a result every
participant gets certain complex estimate of his
suitability for the position. Based on these esti-
mates one may make the decision to include the
candidates into the company’s staff or replacement
of the already hired people. Simultaneously, we ob-
tain the estimates of the criteria feasibility, and if
some of them demonstrate low values, this may
bring about some measures aimed at improvement
of the general situation with these criteria.

As we can see from the general structure of
the model, its key point is the selection of the esti-
mation criteria.

Estimation criteria selection

As an example let us choose such characteristic
of an individual’s competitiveness as his personal
risk of unemployment. First of all we need to detect
the factors affecting this characteristic. According
to the figure 2, these factors can be divided into
three groups.

MACROECONOMIC

FACTORS affecting
the individual
unemployment risk

PERSONAL

economic cycle
stage

general

MEZOECONOMIC
market segment
attractiveness

Figure 2. Factors defining the individual unemployment risk

professional
unemployment rate
(in a country fin a
region)

local

Macroeconomic factors consist of the influ-
ence of the macro environment upon the labour mar-
ket, its specific segment and particular individual.
First of all, they include two factors: the observed
stage of the economic cycle (out of the existing four
stages we are most interested in two — growth and de-
pression as they demonstrate the clearest dynamics of
indexes) and the unemployment rate estimated based
on the ILO procedure at the national or regional level.
Taking into account only two stages of the economic
cycle, we may suggest to unite the two stated criteria
into one — ‘dynamics of the unemployment rate’ cal-
culated as the difference between the unemployment
rate for the current and previous period. During de-
pression this difference would take negative value,
and during growth — positive value.

Mezoeconomic factors describe a certain
segment of the labour market available for an indi-
vidual or a group of them, this segment being lim-
ited with just one or a number of characteristics
such as region, profession, branch of economy;, etc.
The key factor here is segment attractiveness, or
the level of competition within it which, in its turn,
cannot be directly measured quantitatively, as,
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even though one can define the number of vacan-
cies existing at a certain moment of time, the
change of this parameter in time also should be
taken into consideration. Besides, it is impossible
to find the exact number of applicants for those va-
cancies, as not all of them undertake any activities
to get the position. We suggest to use the following
indicators as the criteria for this factor:

i) ratio of the average wage within the mar-
ket segment of within the region or national econ-
omy as a whole, per cent;

ii) the share of students of professional edu-
cation organizations studying to get the professions
useful for this segment, in the total number of stu-
dents at the moment, per cent.

And finally, the main group of factors are per-
sonal factors. We name this group as the main one not
because the importance of their influence is greater
than that of the others groups. For many situations
such statement would be completely wrong. How-
ever, the first two group of factors affect the results of
individuals’ comparison when we consider indirect
competitors, for instance, applicants for similar posi-
tions in different companies, regions or countries,
fields of business, etc., in other words, acting within
different segments of the labour market. But in case
of comparison within the same segment all macro —
and mezoeconomic criteria are the same for all par-
ticipants, and the individual competitiveness is de-
fined by the factors of the third group only.

The quantitatively measurable criteria for
our example, where the applicants aspire the same
position in the same company, we suggest those
shown in the table 1.

Table 1.
Criteria, units, and scales for personal factors
measurement
Criterion Estimate Scale, units
1 2 3
Points, 1to 10
Master, specialist 10
Educational level — Bachelor - 9
‘K1 Secondary vocational 7
Elementary vocational 5
Basic (no professional 1
training)
Points, 1to 5
Education compli- Exact compliance 5
ance to the position Major 4
profile — ‘K2’ Field of study 3
No compliance 1
Working experience
.W'.th the Same or 0,1,2...n Years
similar job descrip-
tion — ‘K3’
Points, 1to 5
Unemployment du- | Never worked before 2
ration up to the pre- Over a year 3
sent moment — ‘K4’ Over three years 1
Less than a year 5
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Continuation of Table 1

1 2 3
Points, 1t0 5
Younger than 30 4
Age - ‘K5’ 30-40 5
40-50 3
Older than 50 1
Points, 1to 10
. Employable 10
Capam‘t &g?gree B Pensioner 4
Youngster 1
Disabled 5
Points, 1to 10
Single man 9
Married man 10
Married man with little 6
L child/children
Demographic crite- -
ion - ‘K7’ Single woman 10
Married woman 8
Married woman with 5
child/children
Married woman with 1

little child/children

Let us stress out, that the demonstrated list
of criteria is selected for the abstractive example. If
a specific vacancy is studied, the model admits of
replacement or addition of any number of criteria
without reduction of adequacy or accuracy of the
assessment. The scales and units for the criteria
also can be arbitrary: interval or semi-interval
scales; natural or analogue quantities; dichotomous
or polytomous data.

Mathematical justification of the model validity

Let us consider the mathematical justifica-
tion of the Rasch’s model validity for the given
problem.

Suppose there are N subjects whose compet-
itiveness within the labour market is to be esti-
mated: A1, A2..., An and L criteria for the estima-

tion: Ki, Ko... K. Let U, denote the estimate of
the i-th subject based on the j-th criterion. As stated
before, these estimates can be of various nature and

dimensionality. To bring the estimates to the same
scale one is to apply normalization procedure. It

means that the estimates U are converted to the
scale from 0 to 1 by means of linear operators. Let u;;

denote normalized estimates obtained using the for-
mula:

Uij _Umin
U.. =,
! Umax_Umin

where Umax and Umin — maximum and minimum
values for the estimates among the possible ones

@)
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for the given criterion, generally Umin = 0 and the

o .- U,
normalization formula specializes u; = 8

max
Suppose the estimate of the n-th subject based
on the j-th criterion is uy. Then the simplest way to
assess the competitiveness of this subject is the addi-
tive method as the sum of the partial estimates:

L
Xn: Zunj ! (2)
j=1
which is usually done. However, such estimates are
not responsive enough, non-linear, they depend on
the set of assessment criteria and the multitude of
the subjects. All these deficiencies are eliminated
in Rasch’s method for latent variables estimation
which is demonstrated hereafter [5-7].

For its reasoning we apply probabilistic ap-
proach. Let us consider the possible estimates of
the subjects of numbers n and m. Let Py; denote the
probability or measure of the situation that n-th
subject suits some abstractive employer in terms of
j-th criterion. The term “suits’ should be interpreted
as the presence of the possibility that the employer
may choose this subject, that is there is probability
but not the guarantee of such choice. Thus, the sub-
ject is acceptable for the employer. Then, the prob-
ability of the same subject’s being unacceptable for
the employer equals (1-Py;). Let us accept the same
suggestions for the m-th subject.

Let us denote: N11 — the number of criteria
based on which the both subjects suit the employer;
N1o — the number of criteria based on which only
the m-th subject suits the employer; No1 — the num-
ber of criteria based on which only the n-th subject
suits the employer; Noo — the number of criteria
based on which none of subjects suit the employer.

From the point of view of the said two sub-
jects, only indicators N1o and Noz can be considered
informative. In their turn, the indicators N1; and Noo
do not form any idea about which of the subjects
has better chance for employment. Parameter Nio,
characterizing the degree of the An subject’s attrac-
tiveness, according to the probability multiplica-
tion theorem, being linearly proportional to the
product probability Pm; (1-Pr;). Similarly, parame-
ter Noa is linearly proportional to the product prob-
ability (1-Pmj)Pn. Thus, the formula defining the ra-
tio of parameters Nio and Noy:

%~ ij (1_ Pnj) . (3)
N P,d-F,)

01

If we take infinite number of criteria L, it
helps to find the difference of the estimates for the

213



Becmuux BTYHIIT/Proceedings of VSUET, I11. 79, Ne 2, 201Z

subjects n and m. As no limitations was imposed on
the criteria, the obtained formula does not depend
on any characteristics of the criteria themselves.
Considering another subject with the number Kk,
similar formula was obtained. The estimates ratio
for the subjects remains the same. Consequently,
we can write the following for criteria k and j:

ij (1_ Pnj): IDmk (1_ I:>nk) .
Pnj (1_ ij ) Pnk (1_ Pmk)

(4)

In its turn, this formula leads to the following:
Pnj — Pnk . 1- l:)mk . ij .
1-B, 1-P, PR 1-B,

mk

®)

For practical use of the described method we
need the results of the n and m subjects’ competi-
tiveness comparison to be unbiased. In its turn this
requirement means the ratio of any number of the k
and j subjects should be correct for any criteria. In
order to provide for this requirement, the initial
points for the comparative analysis were accepted
as the estimates of some subject with 0 index, and
some criterion with 0 index. Besides, unified meas-
urement scale is required, uniting the competitive-
ness degree of the subjects and the importance (fea-
sibility) of the criteria, the convenient initial point
being the mentioned indicators with 0 index, which
are considered equivalent. So, the value of the Py
parameter equals 0.5. Applying this, we come to
the following formula:

Py _ Po 1R By R By

nj no no

1-P, 1-P, P, 1-P, 1-P, 1-P,

00

(6)

It is necessary to note, that in the formula (6)

P . o
the value(¢j: dn — is the indicator of com-
“Tho

petitiveness of the n-th subject, which is his unique

. PRy 1 . .

indicator, % -~ _ js the value reciprocal to
“Toj Y

the feasibility, or importance degree, for the j-th

criterion, which is the unique feature of this crite-

rion. Thus, we get:

P
ot @
1-p, b,

On that basis, it is possible to calculate the
probability of the situation when the j-th subject
suits the employer comparing the applicants based
on the n-th criterion. Such probability is defined by
the ratio of a subject’s competitiveness to the crite-
rion's feasibility.
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Using the formula (7) above, and having
taken the logarithm of its part we get:

P, P
UL R L =In(d,)-In(b,) .

In =
@a- Pnj) 1-P, 1- POj

Denoting Ind, = It _ 6,, and
~Tho
In oy =Inb, = B, we get:
1-PR, S
| il 0 -8
n—-—=6 - 4.
(1_ I:)nj) " :
Which is equivalent to
P
nj :egn_ﬂj.
1-P,

On that basis, renaming the indices for con-
venience we can calculate the probability Py;:

egl _ﬂj

) — ) 8
Po14e ®

These probabilities can be interpreted as nor-
malized estimates of the subjects based on criteria uj;.
The received formula is similar to Rasch’s for-
mula developed for estimation of latent variables [2].

In order of practical appliance of (8) we need
to find the estimates of attractiveness of the sub-
jects 0; and feasibility degree of criteria 3; based on
the known estimates of the subjects with criteria ui,
obtained a posteriori.

If we consider the classic Rasch’s model
for latent variables estimation [1-3], there 0; and
Bj are found by maximum likelihood method
(ML-method) [8]. However, such model requires
the initial data uj; to be only dichotomous, which
means they can take only two values — 0 or 1.
This does not suit the requirements described in
this article, which demand that the data can adopt
any value from arbitrary, including continuous
range from 0 to 1. Due to this, in [9] it was sug-
gested to apply the least square method, which
use for similar problems is described in [5-7]:
parameters 0; and ; of the model (8) are selected
so that the sum of squared deviations of the em-
pirical evidence ujj from the calculated probabil-
ities (8) is the least possible. Mathematically it
comes to the optimization task:

S(Q'ﬂj)=ii(uu -R) =

i-1 j=1

m n eal_ﬂ] 2 ) '
=Z U — 5| —>min

gi_
iml j-1 l+e

(9)
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Estimates 6; and f;, obtained from this
model, will be measured in interval scales, the ini-
tial point for calculation being indeterminate. Zero
reading of the scales can be selected so that all es-
timates are nonnegative. Then the optimization
problem (9) will have the addition of normalization
requirement:

6,>0; §,>0;i=12,.,m; j=12,..n. (10)

The presented mathematical model for esti-
mation (9) and (10) suggests, that all the criteria
have the same importance and add equal contribu-
tion to the final estimation of subjects' competitive-
ness. If the criteria’s importance varies, and their
contribution to the final estimation should reason-
ably be proportional to their importance, then cri-
terion weight shall be applied. Suppose the value
w; equals the weight of the j-th criterion. Suppose
the weight varies along the scale between 0 and 1
(which is not necessary), and the bigger the weight,
the greater contribution to the final estimation of sub-
jects' competitiveness the criterion adds. To take the
weights into consideration is minimization of the re-
sidual sum, each summand (9) shall be taken into ac-
count in proportion to its weight, and instead of (9),
we get the optimization problem as follows:

m n

S0, B) =2 2w, - (Uy = R)* =

i=1 j=1

m n egﬁﬁj 2 ]
=ZZWJ.- Uy ———5—- | —>min

_ —
iol jo1 l+e

. (11)

Solution of the optimization problems (9)
and (10), or (11) and (10) may be performed using
various software, for example, MS Excel with the
help of customization Solver [8, 9]. Let us demon-
strate the method of estimate calculation on some
general example.

Competitiveness estimates calculation using
MS Excel

To perform practical calculations and solu-
tion of the optimization problem one can use a
variety of software, most available among them is
MS Excel with customization Data Analysis [5, 6, 9].
To describe the method of the given problem solution
let us consider some example.

For 10 subjects estimation of their competi-
tiveness within the labour market is performed
based on 7 criteria described in the table 1. Suppose
each of them received some estimates of every cri-
terion, as stated in the table 2. Besides, the decision
was made to set different importance of the criteria
and set weights stated in the same table.
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Table 2.
The results of the subjects’ estimation based on
the criteria and the criteria’s weights

Sub- Criteria

jects Kl | K2 | K3 | K4 | K5 | K6 | K7
C1 5 3 5 2 4 10 |5
C2 7 4 8 3 1 10 | 8
C3 1 1 12 |1 3 10 | 10
C4 9 1 3 2 1 10 | 6
C5 7 3 0 3 5 1 9
Cé6 5 5 18 |5 3 4 6
C7 7 4 0 2 1 10 |1
C8 9 4 1 5 5 10 |9
C9 10 |1 0 2 3 10 | 8
C10 1 1 0 5 4 5 10
Weight | 0.8 | 0.7 | 0.8 |06 |07 [0.7 |05

In order to apply Rasch’s method to process
the data of the table 2, it is necessary to perform
normalization procedure in accordance with the
formula (1). Normalized data for individual sub-
jects’ estimates are shown in the table 3.

Table 3.
The results of the normalized subjects’
estimations based on the criteria

Sub- | Criteria

jects | K1 | K2 | K3 K4 | K5 | K6 | K7
C1 05 |06 [{028 |04 |08 |1 0.5
C2 0.7 108 {044 (06 |02 |1 0.8
C3 01|02 |067 |02 |06 |1 1
C4 09 |02 {017 |04 |02 |1 0.6
C5 0.7 106 |0 06 |1 0.1 |0.9
Cé 05 |1 1 1 06 |04 |06
C7 0.7 108 |0 04 |02 |1 0.1
C8 09 |08 | 006 |1 1 1 0.9
C9 1 02 |0 04 |06 |1 0.8
Ci10 |01 |02 |0 1 08 |05 |1

Next we open an MS Excel book, feed the
data in accordance to the figure 3 (the topmost ta-
ble). Below the probabilities (8) are calculated. For
this we dedicate the cells for the latent variables 6;
(range A17-A26) and B; (range B16-H16). First of
all, let us input some arbitrary data, for instance, 1,
into these cells. For the calculations in accordance
with the formula (8) into B17 we feed
=EXP($A17-B$16)/(1+EXP($A17-B$16)) and
then automatically spread it to the whole range of
B17-H26. To calculate the summands of the for-
mula (11) we feed into B29 to formula
=B$13*(B17-B3)"2 and automatically spread it to
the whole range B29-H38. The objective function
itself (11), optimization of which is to be per-
formed, is fed into the cell D40 as a formula
=CYMM(B29:H38). The results of the data prepa-
ration for the spreadsheet are shown in the figure 3.
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A B = D E F G H
1 HcxogHble AaHHBIE
2 K1 K2 K3 K4 K5 K6 K7
3 C1 0,5 0,6 0,28 0,4 0,8 1 0,5
4 c2 0,7 0,8 0,44 0,6 0,2 1 0,8
5 |C3 0,1 0,2 0,67 0,2 0,6 1 1
6 C4 0,9 0,2 0,17 0.4 0,2 1 0,6
7 Ccs 0,7 0,6 ] 0,6 1 0,1 0,9
3 C6 0,5 1 1 1 0,6 0,4 0,6
9 C7 0.7 0.8 0 0.4 0,2 1 0,1
10 C8 0,9 0.8 0,06 1 1 1 0,9
11 €9 1 0,2 ] 0,4 0,6 1 0,8
12 |C10 0,1 0,2 ] 1 0,8 0,5 1
13 Bec 0,8 0,7 0.8 0,6 0,7 0,7 0,5
14
15 MaTpHua BepoATHOCTEH (8)
16 0/p 1 1 1 1 1 1 1
17 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
18 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
19 1 0,5 0,5 0.5 0.5 0.5 0.5 0,5
20 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5
21 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
22 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
23 1 0,5 0,5 0.5 0.5 0.5 0.5 0,5
24 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
25 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
26 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
27
28 Cnaraembie Lenesoi GyHRUMM (11)
29 ] 0,007| 0,039506 0,006 0,063 0,175 0
30 0,032 0,063| 0,002469 0,006 0,063 0,175 0,045
31 0,128 0,063 0,022222 0,054 0,007 0,175 0,125
32 0,128 0,063| 0,088839 0,006 0,063 0,175 0,005
33 0,032 0,007 0,2 0,006 0,175 0,112 0,08
34 ] 0,175 0,2 0,15 0,007 0,007 0,005
35 0,032 0,062 0,2] 0,006 0,062 0,175 0,08
36 0,128 0,063| 0,158025 0,15 0,175 0,175 0,08
37 0,2 0,063 0,2 0,006 0,007 0,175 0,045
38 0,128 0,063 0,2 0,15 0,063 0 0,125
39
40 Uenesan ¢pyHruma (11): 5,909111

Figure 3. Input data for MS Excel

Then we call up MS Excel customization
Solver, feed in the customization parameters ac-
cording to the figure 4.

MapameTpsi noucka pewenns ]
ONTVMMSHPOBATS LENESYIO dyRKLTO: D540 B
Ao: Makamym @) Murimym Srauerma:
VIsMERSR AUEHKY MEPEMEHHSIX:
$AS17:$A%26;$8616:6H5 16 E3
B COOTBETCTEMM C OrPaHIHEHMAMA
3 - NofiasiTs

MsmeHTe
Yaanute

CépocuTs

" | E———

7] CaenaTe nepemerribie s OrpaHMErHi HEOTPULATeNSHEIM

MlowcK pewuenin HenuHelieix sanaw wetonon OMF [ | MapameTpe:

Buibepire
METOA peleHus;
MeTop pewerins

LN T IAAKIAX HENMHENHBIX 33N MCTIOb3YFTE MOUCK PELIEHHS HENUHERHIX 3884 METAoH O,
AR NMHETHBIX 203U - NONCK PELLEHIA NUHERHEIX 3AN2U CHMMNEKC-HETOAOH, & ANR HEFNAAKNX
33031 - 3BOMKOLMORHBI NOHCK PEILEHAS,

Crpasia

[ [ —

Figure 4. Solver customization parameters

We press the key Haiitu pemenue
(Solve) and see the result shown in the figure 5.
The estimates of the subjects’ competitiveness are
demonstrated in the cells A17-A26, and the esti-
mates of the criteria feasibility are shown in the
cells B16-H16.

14

15 MaTpuua sepoaTHoCTE# (8)
16 6/ 1,517652 2,080859 4,077441 1,818875 1,632149 0 0,951604
17 2,061312| 0,632664| 0,495113| 0,11752| 0,560314| 0,605674| 0,887086| 0,752075
18 2,337186| 0,694138 0,563733| 0,145281| 0,626753| 0,669304| 0,91191| 0,799886
15 1,40399| 0,471615| 0,336961| 0,064558| 0,397742| 0,443206| 0,802816| 0,611206
20 1,613583| 0,523966) 0,385262( 0,078431| 0,448858| 0,439536| 0,833909| 0,659706
21 2,348671| 0,696571| 0,566556( 0,150745| 0,629436( 0,671841| 0,912829| 0,801718
22 10,40929| 0,999862| 0,999759( 0,998224| 0,999814| 0,959845| 0,99997| 0,999922
23 1,580939| 0,515816| 0,377559| 0,076104| 0,440795 0,4872| 0,829337| 0,652338|
24 3,266152| 0,851764| 0,765898| 0,307616| 0,809579| 0,836717| 0,963249| 0,910075
25 2,037395| 0,627088 0,489136( 0,115062| 0,554414| 0,553947| 0,884668| 0,747588
26 1,719169 0,55021| 0,41055 0,08641( 0,475094| 0,521741| 0,848022| 0,682994
27
28 Cnaraemsie yenesoi GpyHkymum (11)
29 0,01408| 0,007701| 0,020546| 0,01542| 0,026434( 0,008925| 0,031771
30 2,75E-05| 0,039075| 0,069697( 0,000425| 0,154172| 0,005432| 6,5E-09
31 0,110478| 0,013131] 0,290028| 0,023461| 0,017209( 0,027217| 0,07558
32 0,113121| 0,024026| 0,006228| 0,001432| 0,061066( 0,01931| 0,001782
33 9,41E-06| 0,000783| 0,018179( 0,00052| 0,075382| 0,462483| 0,00483
34 0,19989| 4,08E-08| 2,52E-06| 2,07E-08| 0,111914| 0,251975| 0,079969
a5 0,027139| 0,124519| 0,004633( 0,000999| 0,057739| 0,020388| 0,152539
36 0,001861| 0,000814| 0,050828( 0,021756| 0,018663| 0,000945| 5,08E-05
37 0,111251| 0,05852| 0,010591| 0,014306| 1,95E-09( 0,009311| 0,001374
38 0,162151| 0,031032| 0,005973( 0,165316 0,0542| 0,084783| 0,050246|
19

3,626044

40 Lienesan dyHryma (11):
Figure 5. The calculation results in MS Excel

We compare the results with the results ob-
tained by the additive method (2), but using the
formula taking the weights into consideration

L
X,=> w,u, . For that purpose the both esti-
j=1

mates we normalize into the scale, so that the
sum of the estimates was 1. The results of the es-
timates are shown in the table 4 and figure 6-7
shows the same estimates without weights, for
comparison. We can see, that the estimates cor-
relate with each other quite well, but there are
certain differences. For example, the biggest es-
timate obtained from the additive method be-
longs to the subject C8, while the one obtained
from the Rasch’s method it belongs to C6. This
happened due to completely different approaches
to the estimates calculations.

Table 4.

Normalized estimates of the subjects’ competitiveness obtained from additive and Rasch’s
method for latent variable estimation

Subjects C1 Cc2 C3 C4 C5 C6 Cc7 C8 C9 C10
Additive 0.101 0.111 0.090 0.086 0.092 0.126 0.081 0.136 0.097 0.080
Rasch’s 0.072 0.081 0.049 0.056 0.082 0.362 0.055 0.113 0.071 0.060
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Figure 6. Normalized estimates of the subjects’ competitiveness
taking the criteria’s weights based on additive and Rasch’s
methods for latent variables estimation
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Figure 7. Normalized estimates of the subjects’ competitiveness
without weights based on additive and Rasch’s methods for
latent variables estimation

Table 5 demonstrates the criteria feasibility
estimates. We can see, that the least feasible (prob-
lematic) criterion for this group of subjects is K3,
and the most successful is criterion K6. We should
note, that in accordance with (6) and (7), the higher
is the criterion’s estimate, the less feasible it is.
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