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The Application of Statistical Methods to Identify 
Factors Determining Employment Effectiveness 
in District Labour Offices in Poland

Abstract: In Poland, institutions that perform public tasks in the field of the labour market are state 
employment services, including District Labour Offices (PUPs). They try to restore the unemployed 
to the open labour market using active forms of their activation. The activities of PUPs in the field 
of customer activation are subject to annual evaluation. According to the “Act on Employment Pro‑
motion and on Labour Market Institutions”, four indicators were selected for the evaluation of the 
functioning of labour offices in 2015–2017. Among them, the employment effectiveness index is very 
important, as its level allows us to assess to what extent active forms of activation of the unemployed 
implemented by PUPs contribute to the return of the unemployed to employment. This assessment 
is so important that in Poland as well as in other countries research has been conducted on both ac‑
tive forms of activation of the unemployed and employment policies.

The aim of the research whose results are presented in the article was to identify factors influenc‑
ing the employment effectiveness index achieved by District Labour Offices (PUPs) operating in Po‑
land in 2016. Selected statistical methods were used, including correlation and regression analysis 
as well as multidimensional correspondence analysis. It turned out that the methods applied did not 
make it possible to unambiguously identify factors which had significantly affected the employment 

http://www.czasopisma.uni.lodz.pl/foe/
http://www.czasopisma.uni.lodz.pl/foe/
http://dx.doi.org/10.18778/0208-6018.343.14
https://orcid.org/0000-0001-8959-7269
mailto:ibak@zut.edu.pl
https://orcid.org/0000-0003-4161-3877
mailto:kwawrzyniak@zut.edu.pl
https://orcid.org/0000-0003-4750-3636
mailto:moesterreich@zut.edu.pl


236 Iwona Bąk, Katarzyna Wawrzyniak, Maciej Oesterreich

FOE 4(343) 2019 www.czasopisma.uni.lodz.pl/foe/

effectiveness index calculated on the basis of all forms of activation. It may turn out that clearer rela‑
tions could be identified if this indicator was considered separately for particular forms of activation.

Keywords: correlation analysis, stepwise regression, zeroed unitarisation, multidimensional corre‑
spondence analysis, employment effectiveness, District Labour Offices

JEL: C38, C51, J49

1. Introduction

In Poland, in accordance with the Act of 20 April 2004 on Employment Promo‑
tion and on Labour Market Institutions (Journal of Laws 2017.1065, Chapter 3, 
Article 6), institutions that perform public tasks in the scope of the labour mar‑
ket include: public employment services, Volunteer Labour Corps, employment 
agencies, training institutions, and social dialogue institutions. Public employment 
services are created by employment bodies together with district and voivodship 
labour offices, an office servicing the minister competent for labour issues and 
voivodship offices carrying out tasks defined by law. The detailed scope of their 
tasks is provided by the Act in Article 4.

At the district level, institutions dealing with researching and analysing the 
labour market, providing information to unemployed people and professional agen‑
cy for job seekers are District Labour Offices (PUP).

In accordance with Act on Employment Promotion and on Labour Market In‑
stitutions Article 109 (7j), four indicators were designated to assess the functioning 
of District Labour Offices (PUPs) in 2015–2017. Two of the indicators concern the 
PUP personnel potential and the extent of its use (the percentage indicator of em‑
ployees of the district labour office performing the function of customer adviser 
in the total employment and the indicator of the number of unemployed persons 
per employee of the district labour office working as customer advisers), and the 
other two indicate the efficiency of employment (the employment efficiency index 
of the basic forms of activation) and the cost (the cost‑effectiveness index of the 
basic forms of activation) of the PUP’s operation.

Among the above‑mentioned indicators, the employment efficiency index 
is very important because its level allows us to assess the extent to which the ac‑
tive forms of activation of the unemployed implemented by PUPs contribute to the 
reinstatement of the unemployed to the open labour market. The index should 
be understood as a percentage of the number of people who during or after par‑
ticipation in the basic forms of reactivation have been shown as employed in rela‑
tion to the number of people who have completed their participation in the basic 
forms of reactivation. This assessment is so important that in numerous studies 
(reports) organisational and legal aspects as well as methodological aspects related 
to the measurement of the effectiveness of services and instruments of the labour 
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market in Poland have been presented (Błędowski, 2008; Wiśniewski, Zawadzki, 
2011; Maksim, Wiśniewski, 2012; Analiza rozwiązań…, 2017). Similar research 
concerning various European countries has been presented, among others, in the 
following works: L. Calmfors, A. Forslund and M. Hemström (2001), J. Kluve 
(2006), H. Lehmann and J. Kluve (2008), D. Card, J. Kluve and A. Weber (2009), 
G. Guzmán (2014), E. Rollnik‑Sadowska (2014), V. Escudero (2018), A. Bánociová 
and S. Martinková (2017) as well as in reports of the European Commission (Eu‑
ropean Semester: Thematic..., 2017). Particularly worth mentioning, both in terms 
of methodology and scope of analysis, are the results of the research project ‟Study 
on the effectiveness of ALMPs” (Kluve et al., 2005) conducted for the European 
Commission, concerning the analysis of the effectiveness of active policies in the 
labour markets in such countries as: the Netherlands, Sweden, Austria, Germany, 
Italy, Denmark, Estonia, Poland, Spain, France, and the United Kingdom.

The diverse level of employment efficiency index in individual PUPs urges 
us to identify the causes of this state of affairs, and thus to answer the question 
about the factors which cause a situation when in some labour offices its level 
is high while in others it is low.

The article presents the results of research the objective of which was to iden‑
tify the factors affecting the employment efficiency index achieved by District 
Labour Offices (PUPs) in Poland in the year 2016. The research hypothesis was 
formulated: the effectiveness of employment is a comprehensive resultant of in‑
teracting factors that characterise the economic, social and demographic situation 
in the area of PUPs’ operation and their personnel potential. In order to verify this 
hypothesis, a research process consisting of three stages was employed. In the first 
stage, the strength and the direction of the relationship between the employment ef‑
ficiency index and the diagnostic features adopted for the study were investigated. 
The next step was to identify the mechanism of the links between the employment 
efficiency index and the diagnostic features. However, in the final stage, multiple 
correspondence analysis was used in order to detect links between the catego‑
ries of employment efficiency and the categories of synthetic measures calculated 
on the basis of the value of diagnostic features in the following areas: unemploy‑
ment, demography, environment, entities, and the personnel potential of the PUP.

2. Characteristics of statistical data

The surveyed group consisted of 340 District Labour Offices (PUPs) operating 
in Poland in 2016. The information on the employment efficiency index and in‑
dicators characterising the potential of particular PUPs comes from the Ministry 
of Family, Labour and Social Policy. On the other hand, statistical data on features 
characterising the socio‑economic situation in the areas of the functioning of la‑
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bour offices were taken from the Local Data Bank of the Central Statistical Office. 
The potential diagnostic features that may affect the efficiency of employment are 
grouped into five areas: unemployment, demography, environment, economic en‑
tities, the personnel potential of the PUP, and their names along with the determi‑
nation of their nature1 is given in Table 12.

Table 1. Names and nature of indicators used in the study

Area Indicators Properties 
of indicators

Unemployment X1 – the number of unemployed with tertiary education in the 
total number of unemployed in %

Destimulants

X2 – the number of unemployed with tertiary education in the 
working age population in %
X3 – the number of youth unemployed (24 years and less) in the 
total number of unemployed in %
X4 – the number of unemployed aged 24 and less in the 
working age population in %
X5 – the number of unemployed over 12 months in the total 
number of unemployed in %
X6 – the number of unemployed from 12 to 24 months in the 
total number of unemployed in %
X7 – the number of unemployed over 24 months in the total 
number of unemployed in %
X8 – the number of unemployed women in the total number 
of unemployed in %
X9 – the number of unemployed per 100 working age people
X10 – the registered unemployment rate in %
X11 – the number of job vacancies per 100 unemployed Stimulants

Demography X12 – the number of people of post‑working age per 100 persons 
of working age

Destimulants

X13 – the number of people of pre‑working age per 100 people 
of working age
X14 – the number of people of post‑working age to the number 
of people of pre‑working age
X15 – people of post‑working age in the total population in %
X16 – people of pre‑productive age people in the total 
population in %

Stimulants

X17 – people of working‑age in the total population in %

1 Stimulants – higher values of a given diagnostic feature indicate a higher level of the studied 
phenomenon. Destimulants – higher values of a given diagnostic feature indicate a lower lev‑
el of the studied phenomenon.

2 The decision to adopt such a set of diagnostic features was made having taking into account 
the results of the CATI survey conducted among the directors of labour offices or persons des‑
ignated by them (Badanie ilościowe…, 2018).
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Area Indicators Properties 
of indicators

Environment X18 – crimes detected by the Police per 1000 residents Destimulants
X19 – the number of low‑qualified schoolsa) per 10,000 residents Stimulants
X20 – the number of graduates of low‑qualified schools  
per 10,000 residents
X21 – the number of high‑qualified schools per 100,000 
residents
X22 – the number of highly qualified school graduates  
per 10,000 residents
X23 – the number of training institutions per 10,000 residentsb)

X24 – (the number of employees in entities over 9 persons to the 
total population) · 100%
X25 – (the number of employees in entities over 9 persons to the 
number of working age people) · 100%
X26 – (the estimated number of employeesc) to the total 
population) · 100%
X27 – (the estimated number of employees to the number 
of working‑age people) · 100%
X28 – local and district roads with hard surface per 100 km2

X29 – taxes on natural persons per capita in PLN
X30 – corporation taxes per capita in PLN

Economic 
entities

X31 – the number of economic entities in the REGON register 
per 10,000 population

Stimulants

X32 – the number of national economy entities  
per 10,000 working age people
X33 – the number of economic entities employing 0–9 persons 
per 10,000 working‑age people
X34 – the number of economic entities employing  
10–49 persons per 10,000 working‑age people
X35 – the number of economic entities employing  
50–249 persons per 10,000 working‑age people
X36 – the number of economic entities employing 250 persons 
and more per 10,000 working‑age people
X37 – the number of public sector entities  
per 10,000 working‑age people
X38 – the number of private sector entities  
per 10,000 working‑age people
X39 – the number of agriculture sector entities  
per 10,000 working‑age people
X40 – the number of economic entities in the industry  
and construction sector per 10,000 working‑age people
X41 – the number of economic entities in the sector other 
activities per 10,000 working‑age people
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Area Indicators Properties 
of indicators

PUP staff 
potential

X42 – the number of client advisers in the total employment 
in PUPs in %

Stimulants

X43 – the number of vocational counsellors in the total 
employment in PUPs in %
X44 – the number of unemployed per 1 employee of PUP Destimulants
X45 – the number of unemployed per one key worker of PUP
X46 – the number of unemployed per 1 employment agent 
in PUP
X47 – the number of unemployed per 1 vocational counsellor 
in PUP
X48 – the number of unemployed per one client adviser in PUP

a) Schools that educate students to obtain the Matura exam (secondary school final exam), i.e. schools: prima‑
ry schools, lower secondary school, basic vocational school, general secondary schools, secondary vocational 
schools.
b) The data come from the Register of Training Institutions – www.stor.praca.gov.pl [accessed: 20.09.2018].
c) The estimated number of employees was calculated as follows: the number of economically active – the num‑
ber of registered unemployed, where the number of economically active people was calculated as the ratio of the 
number of unemployed and the registered unemployment rate multiplied by 100%.

Source: own research based on data from the Local Data Bank of the Central Statistical Office of Poland (GUS) 
and the Ministry of Family, Labour and Social Policy (MRPiPS)

Phase I – the study of the correlation between the employment efficiency 
index and the diagnostic features
The study of the relationship between the employment efficiency index and the 
diagnostic features presented in Table 1 began with the calculation of Pearson’s 
correlation coefficients. Due to the fact that the study is conducted as a full study, 
while identifying diagnostic features affecting employment efficiency in PUPs, 
it was decided that significant (explicit) relationships should be considered in the 
case of those for which the absolute value of the correlation coefficient was at least 
0.3. In order to justify the accepted correlation coefficient level in Table 2, there 
are presented sample correlation coefficient values intervals along with the deter‑
mination of the strength commonly discussed in the literature. Table 2 shows that 
according to three authors the relationship between the characteristics is at least 
average (clear) when the correlation coefficient exceeds 0.3.

Table 3 contains the correlation coefficients between the employment effi‑
ciency index and the diagnostic features of each area. It leads to the conclusion 
that no diagnostic feature had a clear impact on the level of employment efficien‑
cy achieved in the analysed labour offices in 2016.
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Table 3. Pearson correlation coefficients between the employment effectiveness index  
and the diagnostic features from individual areas

Unemployment Demography Environment Economic 
entities

PUP staff 
potential

X1 –0.042 X12 –0.079 X18 –0.152 X31 –0.101 X42 0.040
X2 –0.141 X13 0.082 X19 0.161 X32 –0.104 X43 –0.006
X3 0.148 X14 –0.091 X20 0.165 X33 –0.104 X44 –0.166
X4 –0.085 X15 –0.081 X21 –0.102 X34 –0.083 X45 –0.206
X5 –0.109 X16 0.086 X22 –0.130 X35 –0.066 X46 –0.134
X6 –0.082 X17 0.040 X23 –0.129 X36 –0.041 X47 –0.061
X7 –0.101 X24 0.114 X37 –0.042 X48 –0.176
X8 0.042 X25 0.106 X38 –0.101
X9 –0.164 X26 0.082 X39 0.139
X10 –0.178 X27 0.072 X40 0.038
X11 0.004 X28 –0.189 X41 –0.138

X29 –0.161
X30 –0.116
X31 0.114

Source: own calculations based on data from the Local Data Bank of GUS and MRPiPS

Phase II – The Identification of the linking mechanism between 
the employment efficiency index and the diagnostic features
Despite the lack of explicit relationship between the employment efficiency index 
achieved by the labour offices and the individual diagnostic features, an attempt 
was made to estimate the linear regression function using the forward stepwise 
regression3. The results of the estimation are provided in Table 4.

Table 4 shows that out of 48 diagnostic features only nine were includ‑
ed in the set of explanatory variables, only four of which (selected in the table 
in italics) had a significant impact on the level of employment efficiency. The 
estimated function explained 17.25% of the development of the studied phenom‑
enon and it was the best function due to the highest values of F‑statistics, the 
level of which is important when using stepwise regression. In the next step,  
the relevant explanatory variables were removed and the linear regression func‑
tion was re‑estimated (Table 5).

3 The essence of and the procedure for conducting stepwise regression can be found, for exam‑
ple, in the following papers: Stanisz, 2007: 143–159; Podolec, Ulman, Wałęga, 2008: 66–71.
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Table 4. The results of linear regression function estimation of employment efficiency (EE) 
for all examined diagnostic features (explanatory variables are ordered by the decreasing value 

of t‑statistics)

Explanatory 
variables Coefficients Std. error t‑ratio p‑value

Constant 91.022 5.915 15.389 0.000
X10 –0.445 0.121 –3.662 0.000
X28 –0.017 0.007 –2.579 0.010
X20 0.031 0.013 2.453 0.015
X45 –0.021 0.010 –2.199 0.029
X16 –0.606 0.314 –1.930 0.054
X21 –0.181 0.117 –1.540 0.125
X1 –0.171 0.114 –1.502 0.134
X18 –0.107 0.073 –1.467 0.143
X19 0.401 0.296 1.355 0.176

R = 0.4153; R2 = 0.1725; F(9.330) = 7.6413; p < 0.0000; Se = 6.8577
Source: own calculations based on data from the Local Data Bank of GUS and MRPiPS

Table 5. The results of linear regression function estimation of employment efficiency (EE) 
for significant explanatory variables from the first model (explanatory variables are ordered 

by the decreasing value of t‑statistics)

Explanatory 
variables Coefficients Std. error t‑ratio p‑value

Constant 81.427 3.134 25.986 0.000
X28 –0.028 0.006 –4.864 0.000
X10 –0.284 0.100 –2.833 0.005
X20 0.026 0.009 2.759 0.006
X45 –0.022 0.009 –2.360 0.019

R = 0.3693; R2 = 0.1364; F(4.335) = 13.223; p < 0.0000; Se = 6.9532
Source: own calculations based on data from the Local Data Bank of GUS and MRPiPS

After the re‑assessment, the function was obtained which improved the sig‑
nificance of explanatory variables and the value of F‑statistic. Other measures 
characterising the quality of the model deteriorated. Although the estimated func‑
tion explains only 13.64% of the researched relationship, it is important to note 
that the most important impact on the efficiency of employment has been exerted 
by: communication accessibility (X28 – local and district roads with hard surface 
per the 100 km2) unemployment (X10 – registered unemployment rate), the level 
of education of people in the pre‑productive age (X20 – the number of graduates 
of low‑qualified school per 10,000 residents), and the workload of the PUP per‑
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sonnel related to the number of unemployed (X45 – the number of unemployed per 
one key employee of a PUP).

Phase III – the detection of links between the categories of employment 
efficiency and the synthetic measure categories
The first two stages of the research, which used the actual values of the employment 
efficiency index and individual diagnostic features, did not allow us to identify the 
factors affecting the employment efficiency index achieved by the examined Dis‑
trict Labour Offices in 2016. Therefore, it was decided to replace the real values 
of diagnostic features – characterising the five highlighted areas in the study (Ta‑
ble 1) – with synthetic measures determined for each area separately. For that pur‑
pose, the method of zeroed unitarisation (Kukuła, 2000: 60–92) was used, in which 
the normalisation of diagnostic features was preformed according to the formulas:
1) for stimulants:

 
min

,
max min

ij iji
ij

ij ijii

x x
z

x x

-
=

-
 (1)

2) for destimulants:

 
max

max min
ij iji

ij
ij ijii

x x
z

x x

-
=

-  (2)

and the synthetic measure (zi) was calculated as the arithmetic mean of the nor‑
malised values of the diagnostic features:

 
1

1 ,
k

i ij
j

z z
k =

= å  (3)

where:
xij – value of the j‑th diagnostic feature in the i‑th object,
min iji

x  – the minimum value of the j‑th diagnostic feature,
max iji

x  – the maximum value of the j‑th diagnostic feature,
max minij ijii

x x¹

i = 1, 2, …, n, n – the number of objects,
i = 1, 2, …, k, k – the number of diagnostic features.

A synthetic measure (zi) takes the values in the range [0, 1]. The closer the 
value of zi is to unity, the situation i of the object is better from the point of view 
of k diagnostic features.
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Then, correlation coefficients were calculated between the employment effi‑
ciency index (EE) and the values of synthetic measures determined for individual 
areas whose values were as follows:
1) for the unemployment area: 0.133,
2) for the demography area: 0.075,
3) for the environment area: 0.020,
4) for the economic entities area: 0.074,
5) for the PUP personnel potential area: 0.167.

The obtained correlation coefficients show the lack of a clear link between 
the employment efficiency index and the synthetic measures of the highlighted 
areas. This means that the replacement of individual diagnostic features with one 
synthetic measure also did not answer clearly the question which socio‑economic 
factors had influenced the level of employment efficiency achieved by the exam‑
ined labour offices in 2016.

Finally, in order to identify the factors that affect the level of employment efficien‑
cy, it was decided to use multiple4 correspondence analysis, despite the fact that the 
use of this method requires the transformation of characteristics expressed on an in‑
terval scale or ratio scale onto a nominal or ordinal scale through their categorisation 
(Hand, 1996; Greenacre, 2007). The loss of information as a result of the transfor‑
mation of the characteristics on the lower scale does not limit the applicability of this 
method in practice, which has been proven by numerous studies in which multiple 
correspondence analysis has been applied to identify the factors that affect the inves‑
tigated phenomenon. For example, A. Ezzari and P. Verme (2012) have examined with 
the use of correspondence analysis the factors affecting poverty in Morocco in the 
late 2001–2007. I. Bąk and K. Wawrzyniak (2009), using correspondence analysis, 
have identified the factors that affected the choice of types of trips made by retirees 
and pensioners in 2005, while B. Batóg, M. Mojsiewicz and K. Wawrzyniak (2009) 
have used this method to answer the question of which factors impact households’ 
decision to buy the III pillar insurance. In turn, K. Dębkowska and J. Kilon (2014) 
have analysed the factors affecting the development of enterprises in the e‑commerce 
sector in the Podlasie Voivodeship, and K. Cheba and J. Hołub‑Iwan (2014) have used 
correspondence analysis to examine the segmentation of the medical services mar‑
ket in Poland, using the data obtained from surveys on a sample of 1067 adult Poles. 
Multiple correspondence analysis is also used successfully in studies related to the 
labour market. For example, G. Autiero, B. Bruno and F. Mazzotta (2000) have ana‑
lysed the effectiveness of actions taken by the institutions related to the labour market 
of 19 countries of the world in the years 1989–1994, using the characteristics related 

4 Multiple correspondence analysis is a development of classical correspondence analysis which 
allows the analysis of more than two diagnostic features (Greenacre, Blasius, 2006). Its im‑
portant advantage is an opportunity to present the results in a graphic form, facilitating the 
interpretation of the obtained results (Stanimir, 2005: 22, 76–81).
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to the protection of the labour market and the coordination of institutions controlling 
this market with other actors. In contrast, B. Batóg and J. Batóg (2016) have applied 
correspondence analysis in order to determine the factors affecting the time of being 
unemployment. For that purpose, they used 6 features characterising the length of un‑
employment, sex, seniority, age, the level of education and the type of work undertaken 
by the unemployed registered in the District Labour Office in Szczecin in 2014–2015.

Having decided to apply multiple correspondence analysis in order to iden‑
tify the factors that affect the level of employment efficiency achieved by the ex‑
amined labour offices in 2016, the following variables were adopted to provide the 
basis for the analysis:
1) Employment Efficiency Index (EE),
2) a synthetic measure for the unemployment area (U),
3) a synthetic measure for the demography area (D),
4) a synthetic measure for the environment area (E),
5) a synthetic measure for the economic entities area (C),
6) a synthetic measure for the area concerning the PUP personnel potential (PP).

These variables were subjected to transformation by replacing their actual 
values with ordinal categories designated with the use of three means method5. 
Thanks to this method, for each variable, four categories were obtained, the first 
of which (1) is associated with the highest values of the variable and the fourth 
one (4) – with the lowest. The categories of individual variables are marked with 
the following symbols:
1) Employment Efficiency Index (EE), EE1 (the highest efficiency of employ‑

ment), EE2, EE3, EE4 (the lowest efficiency of employment),
2) a synthetic measure for the unemployment area (U), U1 (the best situation 

in terms of unemployment), U2, U3, U4 (the worst situation in terms of un‑
employment),

3) a synthetic measure for the demography area (D), D1 (the best demographic 
situation), D2, D3, D4 (the worst demographic situation),

4) a synthetic measure for the environment (E), E1 (the best situation in terms 
of the environment), E2, E3, E4 (the worst situation in terms of the envi‑
ronment),

5) a synthetic measure for economic entities (C), C1 (the best situation in terms 
of economic entities), C2, C3, C4 (the worst situation in terms of economic 
entities),

6) a synthetic measure for the area of the PUP personnel potential (PP), PP1 (the 
best personnel potential), PP2, PP3, PP4 (the worst personnel potential).

5 The procedure in the three variables method used in order to determine the four typological 
groups of objects based on the value of the synthetic measure can be found, for example, in the 
following work (Nowak, 1990: 93).
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Due to the number of variables (Q = 6) and the number of their categories 
(Jq = 4), the Burt matrix, which is a starting point in correspondence analysis, had 
the dimensions 24 × 24. While the actual dimension of the co‑occurrence space 
was K = 18 and was calculated pursuant to the formula:

( )
1

1 ,
Q

q
q

K J
=

= -å (4)

where: 
Jq – the number of categories of diagnostic features q (q = 1, 2, …, Q), 
Q – the number of variables.

Table 6 contains, for the actual space of coexistence, the value of singular‑
ities (γk), the eigenvalues (λk), the degree of explanation of total inertia (λ) by ei‑
genvalues for the k‑dimension (λk/λ · 100%) and the degree of explanation of total 
inertia by eignevalues in the k‑dimensional space (τk · 100%).

In order to examine to what extent the eigenvalues of the lower‑dimensional 
space explain the total inertia, the Greenacre criterion (Greenacre, 1994; Stanimir, 
2005) was used. In accordance with this criterion, the eigenvalues which are larg‑
er than 1/Q shall be deemed relevant for the study. In view of the fact that the 
number of variables in the study is 6, the eigenvalues higher than 0.1667 shall 
be considered relevant. Table 6 shows that the eigenvalues that meet this condi‑
tion are assigned to k ≤ 7, whereas in the 7‑dimensional space the degree of ex‑
planation of total inertia is 53.14%. However, in the two‑ and three‑dimensional 
spaces, which are important due to the possibility of graphical presentation of cor‑
respondence analysis results, the degree of explanation of total inertia is 20.14% 
and 27.39%, respectively.

Table 6. Singular values, eigenvalues and the degree of explanation of total inertia by eigenvalues 
for the k‑th dimension and for the k‑dimensional space in the actual projection space

K Singular values (γk) Eigenvalues (λk) (λk/λ) · 100% τk · 100%
1 0.5929 0.3515 11.7165 11.7165
2 0.5028 0.2528 8.4261 20.1426
3 0.4663 0.2174 7.2463 27.3889
4 0.4596 0.2112 7.0399 34.4289
5 0.4439 0.1971 6.5693 40.9982
6 0.4358 0.1900 6.3320 47.3302
7 0.4175 0.1743 5.8111 53.1413
8 0.4069 0.1656 5.5194 58.6607
9 0.4003 0.1602 5.3409 64.0017
10 0.3977 0.1582 5.2733 69.2750
11 0.3928 0.1543 5.1433 74.4183
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K Singular values (γk) Eigenvalues (λk) (λk/λ) · 100% τk · 100%
12 0.3902 0.1522 5.0739 79.4922
13 0.3660 0.1340 4.4661 83.9584
14 0.3629 0.1317 4.3908 88.3491
15 0.3378 0.1141 3.8037 92.1528
16 0.3208 0.1029 3.4310 95.5838
17 0.2932 0.0860 2.8664 98.4502
18 0.2156 0.0465 1.5498 100.0000

18

1

3.0000
K

k
k

l l
=

=

= =å 100.0000

Source: own research based on data from the Local Data Bank of GUS and MRPiPS

In order to improve the quality of the mapping of results in spaces of lower 
dimensions, the modification of eigenvalues was applied according to the Greena‑
cre proposal (Stanimir, 2005) using the following transformation:

 
2 2

,
1 ,

1k B k
Q

q Q
l l×

æ ö æ ö÷ ÷ç ç÷ ÷= -ç ç÷ ÷ç ç÷ ÷ç ç-è ø è ø
  (5)

where:
Q – the number of variables,
λB,k – the k‑th eigenvalue (k = 1, 2, …, K),

( ), ,B k B kl g= , γB,k – the k‑th singular value of B (Burt) matrix.
For k ≤ 7, after applying Greenacre modifications, eigenvalues and the degree 

of explanation of total inertia by eigenvalues for the k‑th dimension and for the 
k‑dimensional space were presented in Table 7.

Table 7 shows that the modification has significantly improved the quality 
of mapping and, in the case of three‑dimensional space, the degree of explanation 
of total inertia by eigenvalues doubled from 27.39% to 56.32%. In order to confirm 
that the three‑dimensional space is sufficient for the graphical presentation of the 
coexistence of the categories of studied variables, a diagram of eigenvalues was 
drawn up (Figure 1) and the “elbow” criterion6 was used, on the basis of which 
it was found that this dimension was appropriate.

6 The elbow criterion as the basis for choosing the number of dimensions of the co‑existence 
space of the categories of variables was discussed in the paper (Stanimir, 2005: 85–86).
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Table 7. Modified eigenvalues with measures characterising the degree of explanation of total 
inertia by eigenvalues for k ≤ 7

k kl / 100%kl l ×  100%kt ×

1 0.2616 26.6180 26.6180
2 0.1627 16.5541 43.1722
3 0.1292 13.1518 56.3240
4 0.1235 12.5711 68.8950
5 0.1107 11.2655 80.1606
6 0.1043 10.6175 90.7781
7 0.0906 9.2219 100.0000

7

1

0.9827k
k

l l
=

= =å  100.0000

Source: own elaboration based on Table 6
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Figure 1. Plot of eigenvalues – elbow criterion
Source: own elaboration based on Table 6

The visualisation of multiple correspondence analysis results in three‑dimen‑
sional space is possible, however, the interpretation of these results is difficult due 
to a large number of analysed variables and their categories. Therefore, in order 
to achieve a more meaningful interpretation, Ward’s7 method was implemented, 
which enabled the grouping of categories of tested variables pursuant to the mod‑
7 The Ward method is one of agglomeration classification methods. It is used in empirical re‑

search both in terms of object and characteristics classification. In this method, the distance 
between groups is defined as the module of the difference between the sums of squares of the 
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ified values of three coordinates that specify their location in three‑dimensional 
space. The new (modified) values of coordinates in three‑dimensional space for 
different categories of variables are calculated according to the following formula:

 * 1Ã Ë ,F F -= × ×   (6)

where:
F  – a matrix (size 24 × 3) of new coordinates for variable categories,
F* – a matrix (size 24 × 3) of the original coordinates for variable categories,
Γ–1 – a diagonal inverse matrix (size 3 × 3) of singular values,
Ë  – a diagonal matrix (size 3 × 3) of modified eigenvalues (dimension).

The results of combining the categories of studied variables into classes using 
the Ward method were presented in Figure 2.

Figure 2. Classification of categories of analysed variables using the Ward method
Source: own elaboration

The horizontal line marked on the graph at the height of a binding equal 0.41098 
indicates the stage at which combining classes was aborted. In this way, eight class‑
es that contain the following categories of analysed variables were obtained:

distance of points from the means of the groups to which these points belong (Pociecha et al., 
1988: 83; Malina, 2004: 62–63; Młodak, 2006: 72; Balicki, 2009: 276–277).

8 For that purpose, the measure proposed by T. Grabiński was used (Stanisz, 2007: 141–142; 
Panek, 2009: 120–123).
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1) class I: C1, PP4, U4,
2) class II: PP1, U1,
3) class III: C4,
4) class IV: PP2, D4, U2,
5) class V: E4, EE4,
6) class VI: C2, U3, PP3, EE3,
7) class VII: C3, E1, EE2,
8) class VIII: E2, D3, D2, E3, D1, EE1.

The first four classes do not contain any category highlighted for employ‑
ment efficiency, so due to the objective of the study, the co‑occurrence of defined 
variables categories in those classes will not be interpreted. However, on the ba‑
sis of the coexistence of the variable categories in classes V to VIII, the following 
relationships can be observed:
1) class V – the lowest values of the employment efficiency index (EE4 – em‑

ployment efficiency below 76.90%) were achieved in the labour offices where 
the worst situation in terms of environmental characteristics was observed;

2) class VI – characterised by employment efficiency between 76.90% and 
80.42% (EE3) was determined by a fairly difficult situation in terms of char‑
acteristics regarding unemployment and the PUP personnel potential as well 
as an acceptable situation in the area of economic entities;

3) class VII – characterised by employment efficiency between 80.43% and 
84.66% (EE3) was determined by an excellent situation in terms of the char‑
acteristics regarding the environment and a relatively difficult situation in the 
area of economic entities;

4) class VIII – the highest values of the employment efficiency index (EE1 – em‑
ployment efficiency equal to at least 84.67%) were influenced predominate‑
ly by the demographic situation and conditions related to the environment.

3. Conclusions

In order to verify the research hypothesis adopted in the article, different statistical 
methods were applied to determine the strength and direction of the relationship 
between the employment efficiency index and the examined set of diagnostic fea‑
tures characterising the situation relating to: unemployment, demography, envi‑
ronment, economic entities and the personnel potential of District Labour Offices 
in the area of PUPs’ operation. It appeared that the analysis of correlation and re‑
gression did not identify the factors which had significantly affected the employ‑
ment efficiency index. However, it needs to be emphasised that the use of regres‑
sion function indicated four factors (out of 48) significantly affecting the examined 
index, although the quality of the estimated function was low.
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In the next step, an attempt was made to replace the individual diagnostic 
features by one synthetic measure (zeroed unitarisation method) calculated for 
the highlighted areas. However, also this solution could not provide an answer 
to the question which areas had clearly affected the level of employment efficien‑
cy achieved by the examined labour offices in 2016.

Looking for regularities in the relationship between the employment efficiency 
index and socio‑economic factors as well as the PUP personnel potential, it was 
decided to use multi correspondence analysis. It was found out that the coexistence 
of 24 variable categories adequately characterised three‑dimensional space. Due 
to a large number of analysed categories, the interpretation of results in that space 
was difficult. It was therefore decided to use the Ward method, whose final results 
enabled to find a relationship between the categories of employment efficiency and 
the categories of synthetic measures of the highlighted areas. It appeared that only 
in the case of low employment efficiency index (EE3 and EE4), it was possible 
to indicate relatively clear dependencies, namely that low employment efficiency 
is a consequence of a bad situation in terms of the characteristics regarding the 
environment, unemployment and the PUP personnel potential. The identification 
of factors affecting the Employment Efficiency Index of labour offices is associ‑
ated with many problems concerning, first of all, a very diverse socio‑economic 
situation in the area of functioning of labour offices and the maladjustment of the 
PUP personnel potential to the situation in the labour market.

In conclusion, it should be noted that the lack of a clear link between the em‑
ployment efficiency index and the characteristics selected for examination may 
be a consequence of the fact that the analysis was limited to the employment effi‑
ciency calculated on the basis of the six basic forms of activation of unemployed 
persons in total. Perhaps clearer dependencies could be identified if employment 
efficiency was considered separately for each individual form and therefore fur‑
ther studies in this field should continue in this direction.
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Wykorzystanie metod statystycznych do identyfikacji czynników determinujących 
efektywność zatrudnieniową w powiatowych urzędach pracy w Polsce

Streszczenie: W Polsce do instytucji realizujących zadania publiczne w zakresie rynku pracy należą 
publiczne służby zatrudnienia, w tym powiatowe urzędy pracy (PUP‑y). Urzędy te, stosując aktyw‑
ne formy aktywizacji osób bezrobotnych, starają się przywrócić je na otwarty rynek pracy. Działania 
PUP‑ów w zakresie aktywizacji klientów podlegają corocznej ocenie. Zgodnie z ustawą o promocji 
zatrudnienia i instytucjach rynku pracy do oceny funkcjonowania urzędów pracy w latach 2015–2017 
wybrane zostały cztery wskaźniki. Wśród nich istotne znaczenie ma wskaźnik efektywności zatrudnie‑
niowej, gdyż jego poziom pozwala ocenić, w jakim stopniu aktywne formy aktywizacji osób bezrobot‑
nych, realizowane przez PUP‑y, przyczyniają się do powrotu bezrobotnych do zatrudnienia. Ta ocena 
jest na tyle istotna, że w Polsce i w innych krajach prowadzone są badania dotyczące zarówno działań 
aktywizujących bezrobotnych, jak i polityki zatrudnieniowej.

Celem badań, których wyniki zaprezentowano w artykule, była identyfikacja czynników wpływają‑
cych na wskaźnik efektywności zatrudnieniowej uzyskiwany przez powiatowe urzędy pracy (PUP‑y) 
funkcjonujące w Polsce w 2016 roku. Wykorzystano wybrane metody statystyczne, w tym analizę 
korelacji i regresji oraz wielowymiarową analizę korespondencji. Okazało się, że zastosowane meto‑
dy nie pozwoliły na jednoznaczne zidentyfikowanie czynników, które w znaczący sposób wpływa‑
ją na wskaźnik efektywności zatrudnieniowej, obliczanej na podstawie wszystkich form aktywiza‑
cji. Może się okazać, że wyraźniejsze zależności udałoby się zidentyfikować, gdyby rozpatrywać ten 
wskaźnik odrębnie dla poszczególnych form.

Słowa kluczowe: analiza korelacji, regresja krokowa, unitaryzacja zerowana, wielowymiarowa ana‑
liza korespondencji, efektywność zatrudnieniowa, powiatowe urzędy pracy
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