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Реферат. В статье предлагается оригинальная модель к оценке степени конкурентоспособности, успешности субъектов на рынке 
труда. Авторы указывают, что универсальный комплексный показатель конкурентоспособности индивида на рынке труда не 
выделяется. Однако оценку такой конкурентоспособности можно достаточно точно провести на основании некоторых переменных, 
различающихся для внутреннего и внешнего рынка труда. В основе предложенного подхода лежит модель оценивания латентных 
переменных по методу Раша. Модель оценивания позволяет получать объективные обобщенные оценки конкурентоспособности 
субъектов по линейной безразмерной шкале на основании частных оценок по выбранным критериям. Произвольный выбор 
критериев позволяет применять модель в различных сегментах рынка труда. В работе приведено математическое обоснование 
модели, методология выбора оценочных критериев, методика получения оценок в среде MS Excel, проанализированы свойства 
полученных оценок и проведено их сравнение с оценками, полученными по классическим методикам. Предложенная авторами 
модель позволяет ввести в качестве переменной любую количественную характеристику конкурентоспособности после анализа 
факторов, влияющих на нее. Эти факторы в своей количественной оценке станут критериями модели, точность же оценки при этом 
не изменится. 
Ключевые слова: рынок труда, конкурентоспособность индивида, сегмент рынка труда, математическая модель, латентная пере-
менная, метод Раша 
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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 
estimates of these factors become the model’s criteria, but the assessment precision does not alter. 
Keywords: labour market, individual competitiveness, labour market segment, mathematical model, latent variable, Rasch’s method 
 

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 

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 
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 
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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. 

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. 

 
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. 

 
Figure 2. Factors defining the individual unemployment risk 

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, 

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 

Educational level – 
‘K1’ 

 Points, 1 to 10 
Master, specialist 10 

Bachelor 9 
Secondary vocational 7 
Elementary vocational 5 
Basic (no professional 

training) 1 

Education compli-
ance to the position 

profile – ‘K2’ 

 Points, 1 to 5 
Exact compliance 5 

Major 4 
Field of study 3 

No compliance 1 
Working experience 

with the same or 
similar job descrip-

tion – ‘K3’ 

0, 1, 2… n Years 

Unemployment du-
ration up to the pre-
sent moment – ‘K4’ 

 Points, 1 to 5 
Never worked before 2 

Over a year 3 
Over three years 1 
Less than a year 5 
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Continuation of Table 1 
1 2 3 

Age – ‘K5’ 

 Points, 1 to 5 
Younger than 30 4 

30–40 5 
40–50 3 

Older than 50 1 

Capacity degree – 
‘K6’ 

 Points, 1 to 10 
Employable 10 
Pensioner 4 
Youngster 1 
Disabled 5 

Demographic crite-
rion – ‘K7’ 

 Points, 1 to 10 
Single man 9 

Married man 10 
Married man with little 

child/children 6 

Single woman 10 
Married woman 8 

Married woman with 
child/children 5 

Married woman with 
little child/children 1 

 
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: А1, А2…, АN and L criteria for the estima-
tion: K1, K2… KL. Let ijU  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 ijU  are converted to the 

scale from 0 to 1 by means of linear operators. Let iju  
denote normalized estimates obtained using the for-
mula: 

 min

max min

ij
ij

U U
u

U U
−

=
−

, (1) 

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

for the given criterion, generally Umin = 0 and the 

normalization formula specializes 
max

ij
ij

Uu U= . 

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

 
1

L

n nj
j

X u
=

=∑ , (2) 

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 Pnj 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-Рnj). 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; 
N10 – the number of criteria based on which only 
the m-th subject suits the employer; N01 – the num-
ber of criteria based on which only the n-th subject 
suits the employer; N00 – 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 N10 and N01 can be considered 
informative. In their turn, the indicators N11 and N00 
do not form any idea about which of the subjects 
has better chance for employment. Parameter N10, 
characterizing the degree of the Am subject’s attrac-
tiveness, according to the probability multiplica-
tion theorem, being linearly proportional to the 
product probability Рmj (1-Pnj). Similarly, parame-
ter N01 is linearly proportional to the product prob-
ability (1-Pmj)Pnj. Thus, the formula defining the ra-
tio of parameters N10 and N01: 

 10

01

~N
N

(1 )
(1 )

mj nj

nj nj

P P
P P

−

−
. (3) 

If we take infinite number of criteria L, it 
helps to find the difference of the estimates for the 
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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 k, 
similar formula was obtained. The estimates ratio 
for the subjects remains the same. Consequently, 
we can write the following for criteria k and j: 

 
(1 ) (1 )
(1 ) (1 )

mj nj mk nk

nj mj nk mk

P P P P
P P P P

− −
=

− −
 . (4) 

In its turn, this formula leads to the following: 

 
1

1 1 1
nj mjnk mk

nj nk mk mj

P PP P
P P P P

−
= ⋅ ⋅

− − −
.  (5) 

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 Р00 
parameter equals 0.5. Applying this, we come to 
the following formula: 

 0 00 00 0

0 00 0 0 0

1
.

1 1 1 1 1
nj j jn n

nj n j n j

P P PP P P
P P P P P P

−
= ⋅ ⋅ = ⋅

− − − − −
 (6) 

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

the value 0

01
n

n

P
P

 
 − 

= dn – is the indicator of com-

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

indicator, 0

0

1
1

j

j j

P
P b

=
−

– is the value reciprocal to 

the feasibility, or importance degree, for the j-th 
criterion, which is the unique feature of this crite-
rion. Thus, we get: 

 .
1

nj n

nj j

P d
P b

=
−

  (7) 

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. 

Using the formula (7) above, and having 
taken the logarithm of its part we get: 

 00

0 0

ln ln ln ln( ) ln( )
(1 ) 1 1

nj jn
n j

nj n j

P PP d b
P P P

= + = −
− − −

. 

Denoting 0

0

ln ln
1

n
n n

n

Pd
P

θ= =
−

, and 

0

0

ln ln
1

j
j j

j

P
b

P
β= =

−
we get: 

 ln .
(1 )

nj
n j

nj

P
P

θ β= −
−

 

Which is equivalent to 

 .
1

n jnj

nj

P
e

P
θ β−=

−
 

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

 .
1

i j

i jij
eP

e

θ β

θ β

−

−=
+

 (8) 

These probabilities can be interpreted as nor-
malized estimates of the subjects based on criteria uij. 

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 θi and feasibility degree of criteria βj based on 
the known estimates of the subjects with criteria uij, 
obtained a posteriori. 

If we consider the classic Rasch’s model 
for latent variables estimation [1–3], there θi and 
βj are found by maximum likelihood method 
(ML-method) [8]. However, such model requires 
the initial data uij 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 θi and βj of the model (8) are selected 
so that the sum of squared deviations of the em-
pirical evidence uij from the calculated probabil-
ities (8) is the least possible. Mathematically it 
comes to the optimization task: 

 

2

1 1

2

1 1

( , ) ( )

min
1

i j

i j

m n

i j ij ij
i j

m n

ij
i j

S u P

eu
e

θ β

θ β

θ β
= =

−

−
= =

= − =

 
= − →  + 

∑∑

∑∑
. (9) 
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Estimates θi and βj, 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: 

 0; 0; 1,2,..., ; 1,2,...i j i m j nθ β≥ ≥ = = .  (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 
wj 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: 

 

2

1 1

2

1 1

( , ) ( )

min
1

i j

i j

m n

i j j ij ij
i j

m n

j ij
i j

S w u P

ew u
e

θ β

θ β

θ β
= =

−

−
= =

= ⋅ − =

 
= ⋅ − →  + 

∑∑
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. (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. 

Table 2. 
The results of the subjects’ estimation based on 

the criteria and the criteria’s weights 
Sub-
jects 

Criteria 
К1 К2 К3 К4 К5 К6 К7 

С1 5 3 5 2 4 10 5 
С2 7 4 8 3 1 10 8 
С3 1 1 12 1 3 10 10 
С4 9 1 3 2 1 10 6 
С5 7 3 0 3 5 1 9 
С6 5 5 18 5 3 4 6 
С7 7 4 0 2 1 10 1 
С8 9 4 1 5 5 10 9 
С9 10 1 0 2 3 10 8 
С10 1 1 0 5 4 5 10 
Weight 0.8 0.7 0.8 0.6 0.7 0.7 0.5 

 
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-
jects 

Criteria 
К1 К2 К3 К4 К5 К6 К7 

С1 0.5 0.6 0.28 0.4 0.8 1 0.5 
С2 0.7 0.8 0.44 0.6 0.2 1 0.8 
С3 0.1 0.2 0.67 0.2 0.6 1 1 
С4 0.9 0.2 0.17 0.4 0.2 1 0.6 
С5 0.7 0.6 0 0.6 1 0.1 0.9 
С6 0.5 1 1 1 0.6 0.4 0.6 
С7 0.7 0.8 0 0.4 0.2 1 0.1 
С8 0.9 0.8 0.06 1 1 1 0.9 
С9 1 0.2 0 0.4 0.6 1 0.8 
С10 0.1 0.2 0 1 0.8 0.5 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 θi 
(range А17-А26) and βj (range В16-Н16). 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 В17 we feed 
=EXP($A17-B$16)/(1+EXP($A17-B$16)) and 
then automatically spread it to the whole range of 
В17-Н26. To calculate the summands of the for-
mula (11) we feed into В29 to formula 
=B$13*(B17-B3)^2 and automatically spread it to 
the whole range В29-Н38. The objective function 
itself (11), optimization of which is to be per-
formed, is fed into the cell D40 as a formula 
=СУММ(B29:H38). The results of the data prepa-
ration for the spreadsheet are shown in the figure 3. 
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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. 

 
Figure 4. Solver customization parameters 

We press the key Найти решение  
(Solve) and see the result shown in the figure 5. 
The estimates of the subjects’ competitiveness are 
demonstrated in the cells А17-А26, and the esti-
mates of the criteria feasibility are shown in the 
cells В16-Н16. 

 

 
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 

1

L

n j nj
j

X w u
=

=∑ . For that purpose the both esti-

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 С8, while the one obtained 
from the Rasch’s method it belongs to С6. 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 C2 C3 C4 C5 C6 C7 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 

 
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 К3, 
and the most successful is criterion К6. We should 
note, that in accordance with (6) and (7), the higher 
is the criterion’s estimate, the less feasible it is. 

 
Table 5. 

Criteria feasibility estimates (absolute and 
normalized to the sum of 1) 

Criterion К1 К2 К3 К4 К5 К6 К7 
Absolute 1,518 2,081 4,077 1,819 1,632 0,000 0,952 
Normal-

ized 0,126 0,172 0,338 0,151 0,135 0,000 0,079 

Conclusion 
Let us stress out, that the suggested model al-

lows introduction of any quantitative characteristic of 
competitiveness as the estimated variable after ana-
lyzing the factors affecting it. Such factors in their 
quantitative estimation become the models’ criteria, 
and the estimation accuracy does not change anyway. 

The variants for this model appliance are the 
following: 

i) comparison of the applicants for the same 
vacancy; 

ii) comparison of a company’s, or depart-
ment’s employees; 

iii) comparison of the individual within a group, 
for example, graduates of the same educational organ-
ization or the same educational programme; 

iv) comparison of competitiveness of the 
same individual during the different periods of 
his/her work life, etc. 

This fact considerably increases the area of 
the model’s use which is not limited to the labour 
market competitiveness of individuals, but can be 
applied for companies’ competitiveness within it. 

 

ЛИТЕРАТУРА 
 Гибсон У. Факторный латентно-структурный 

и латентно-профильный анализ  // Математические ме-
тоды в социальных науках. Москва. Прогресс, 1997. 

 Rasch G. Probabilistic Models for Some Intel-
ligence and Attainment Tests. Copenhagen, Denmark: 
Danish Institute for Educational Research, 1960. 160 с. 

 Andrich D. Rasch Models for Development. 
London, Sage Publications, inc., 1988. 94 с. 

 Маслак А. А., Моисеев С. И. Модель Раша 
оценки латентных переменных и ее свойства. Моно-
графия Воронеж: НПЦ Научная книга, 2016. 177 с. 

 Моисеев С. И., Зенин А. Ю. Методы приня-
тия решенийоснованные на модели Раша оценки ла-
тентных переменных // Экономика и менеджмент 
систем управления. 2015. № 2.3 (16). С. 368–375. 

 Смотрова Т. И., Моисеев С. И. Маркетинговая мо-
дель оценки привлекательности торговых центров // Интер-
нет-журнал НАУКОВЕДЕНИЕ. 2015. № 6. http://nauko-
vedenie.ru/PDF/21EVN615.pdf (доступ свободный). 

 Баркалов С. А., Киреев Ю. В., Кобелев В. С., 
Моисеев С. И. одель оценивания привлекательности 
альтернатив в подходе Раш // Системы управления и ин-
формационные технологии. 2014. Т. 57. № 3. С. 209–213. 

 
 Гмурман В. Е. Теория вероятностей и матема-

тическая статистика Москва. Высшая школа, 2003. 
 Моисеев С. И. Модель Раша оценки ла-

тентных переменных, основанная на методе 
наименьших квадратов // Экономика и менеджмент 
систем управления. 2015. № 2.1 (16). С. 166–172. 

 Ишевский А.Л. Перспективы развития и 
безопасности продовольственного рынка России в 
условиях глобального продовольственного кризиса 
// Вестник Международной академии холода. 2010. 
№ 3. С. 3–7. 

REFERENCES 
1 Gibson U. Faktornyi latentno-strukturnyi i 

latentno-profil'nyi analiz.   Matematicheskie metody v 
sotsial'nykh naukakh [Factor latent structure and latent 
profile analysis. Mathematical methods in the social Sci-
ences]. Moskva. Progress 1997. (in Russian). 

2 Rasch G. Probabilistic Models for Some Intel-
ligence and Attainment Tests. Copenhagen, Denmark: 
Danish Institute for Educational Research, 1960. 160 p. 

 

0,000

0,100

0,200

0,300

0,400

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

C
om

pe
tit

iv
en

es
s e

st
im

at
es

(lo
gi

ts
)

SubjectsAdditive Rasch's

0

0,05

0,1

0,15

0,2

0,25

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

C
om

pe
tit

iv
en

es
s e

st
im

at
es

(lo
gi

ts
)

Subjects 
without weightsAdditive Rasch's



Вестник ВГУИТ/Proceedings of VSUET, Т. 79, № 2, 2017 

218 

3 Andrich, D. Rasch Models for Development. 
London, Sage Publications, inc., 1988. 94 p. 

4 Maslak A. A., Moiseev S. I. Model' Rasha 
otsenki latentnykh peremennykh i ee svoistva. Mono-
grafiya [The Rasch model estimates the latent variables 
and its properties. Monograph]. Voronezh: NPTs 
Nauchnaya kniga 2016. 177 p. (in Russian). 

5 Moiseev S. I., Zenin A. Yu. Restionaceae mak-
ing methods on Rasch model estimates of latent varia-
bles. Ekonomika i menedzhment sistem upravleniya 
[Economics and management control systems]. 2015. 
no. 2.3 (16). pp. 368–375. (in Russian). 

6 Smotrova T. I., Moiseev S. I. Marketing model for 
evaluating the attractiveness of shopping centres. Internet-
zhurnal NAUKOVEDENIE [The Internet journal of the soci-
ology of SCIENCE]. 2015. no. 6. (in Russian). http://nau-
kovedenie.ru/PDF/21EVN615.pdf (access granted). 

7 Barkalov S. A., Kireev Yu. V., Kobelev V. S., 
Moiseev S. I. hotel evaluation of the attractiveness of alter-
natives in the approach of the rush. Sistemy upravleniya i in-
formatsionnye tekhnologii [Control systems and information 
technology]. 2014. vol. 57. no. 3. pp. 209–213. (in Russian). 

8 Gmurman V. E. Teoriya veroyatnostei i ma-
tematicheskaya statistika [Probability theory and mathemat-
ical statistics]. Moscow. Vysshaya shkola 2003. (in Russian). 

9 Moiseev S. I. Rasch model estimates of latent 
variables based on the method of least squares. 
Ekonomika i menedzhment sistem upravleniya [Eco-
nomics and management control systems]. 2015. no. 2.1 
(16). pp. 166–172. (in Russian). 

10 Ishevskii A.L. Prospects for the development 
and security of the food market of Russia in conditions 
of global food crisis. Vestnik Mezhdunarodnoi akademii 
kholoda [Bulletin of the International Academy of re-
frigeration]. 2010. no. 3. pp. 3–7. (in Russian).

СВЕДЕНИЯ ОБ АВТОРАХ INFORMATION ABOUT AUTHORS 
Татьяна В. Сабетова к.э.н., доцент, кафедра управления и 
маркетинга в АПК, Воронежский ГАУ, ул. Мичурина, 1,         
г. Воронеж, 394087, Россия, tsabetova@mail.ru 

Tatiana V. Sabetova candidate of economical sciences, assistant 
professor, management and marketing in agro-industrial complex 
department, Voronezh State Agricultural University, Michurina 
str. 1, Voronezh, 394087, Russia, tsabetova@mail.ru 

Сергей И. Моисеев к.ф.-м.н., доцент, кафедра инфор-
мационных технологий в экономике, Российский эко-
номический университет им. Г.В. Плеханова (Воро-
нежский филиал), ул. Карла Маркса, 67А, г. Воронеж, 
394030, Россия, mail@moiseevs.ru 

Sergey I. Moiseev candidate of physical-mathematical sci-
ences, assistant professor, information technologies in eco-
nomics department, VVoronezh branch of Plekhanov Rus-
sian University of Economics, Karl Marx Str., 67а, 
Voronezh, 394087, Russia, mail@moiseevs.ru 

КРИТЕРИЙ АВТОРСТВА CONTRIBUTION 
Татьяна В. Сабетова обобщила материал, построила 
выводы и несет от-ветственность за плагиат 

Tatiana V. Sabetova integrated the information, drew results and 
is responsible for plagiarism 

Сергей И. Моисеев систематизировал информацию, написал 
рукопись 

Sergey I. Moiseev organized the information, wrote the 
manuscript  

 

КОНФЛИКТ ИНТЕРЕСОВ CONFLICT OF INTEREST 
Авторы заявляют об отсутствии конфликта интересов. The authors declare no conflict of interest. 

ПОСТУПИЛА 20.02.2017 RECEIVED 2.20.2017 
ПРИНЯТА В ПЕЧАТЬ 01.02.2017 ACCEPTED 2.1.2017 

 


	Introduction
	Problem statement and the way of its solution
	Estimation criteria selection
	Mathematical justification of the model validity
	Competitiveness estimates calculation using MS Excel
	Conclusion
	Литература
	References

