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Efficiency of the Education System (Primary, Secondary and Tertiary)
in Particular Voivodeships of Poland:

The reform of the Polish education system (both lower and higher education) that was carried out in recent
years has shown the need to improve the efficiency of schools. Therefore, it is reasonable to analyse and evalu-
ate the efficiency of educational centres before implementing reforms. Educational units influence the develop-
ment of human capital, which should translate into an increase in the wealth of a given region. To our knowl-
edge, there is a lack of research on the technical efficiency of the primary, secondary and tertiary education sys-
tems in particular Polish voivodeships. Therefore, the aim of this paper was to present the results of studies on
the efficiency of the three levels of the Polish education sector in 2016. The non-radial Slack-Based Directional
Distance Function (SBDDF) model, which belongs to the nonparametric Data Envelopment Analysis (DEA)
method, was used to test the efficiency. The number of teachers employed in particular voivodeships, as well
as the number of schools and universities were assumed as inputs. The number of pupils and students was as-
sumed as outputs. We hypothesise that there is a positive correlation between the efficiency of the education
system and the labour market economic indicators in the province. The hypothesis was verified positively as the
findings showed that the higher the education system efficiency indicator in a given voivodeship, the greater the
number of the SME sector companies per 10,000 inhabitants, the higher the gross Domestic Product (GDP) per
capita and the lower the percentage of the unemployed in the region. The study results may be of use to various
groups of stakeholders, in particular, employees of ministries responsible for the functioning of primary, sec-
ondary and tertiary education. The limitations of the study concern the selection of variables adopted on the in-
put and output side. Moreover, the conducted analysis is static (in one year). Therefore, there is a need to con-
tinue research using a dynamic approach.

Keywords: efficiency, lower education, primary education, secondary education, tertiary education, higher edu-
cation, DEA method, labour market, voivodeship, Poland
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3¢¢GKTMBHOCTI: CUCTEMbI HaYaJibHOro, CpeaHero 1 Bbicwiero 06pa303a|-|m| B BoeBoAcCTBax Monbwm

HedasHo nposedenHas pepopma cucmemsl WKOJIbHOZ0 U YHUBEPCUMemMcKozo obpaszosarus 8 ITonvuie no-
Kasana Heobxoo0uMoCmo nosblileHUs I pexmusHocmu yuebHbvix 3agedeHuUli. B c8s13u ¢ amum s8Jisiemcs yene-
C000pA3HbIM NPOAHANUIUPOBAMSb U OUEHUMDb IPGeKMU8HOCb 00pA308aMebHbIX YeHMPo8 00 NPo8edeHUs
peopm. ITonoxcumenvHoe 8ausHue 00pA308amenvHulx yupexcoeHull Ha pazeumue 4en08eueckoz0 Kanumaia
Moxem gecmu K ygeauueHuro 061azococmosHus pezuona. Ha danmbiii momenm mema spgekmusHocmu cu-
CImeM HauaivHo20, cpedHezo0 U 8blcuiez0 00pA308aHUsl 8 NOJILCKUX 80€600CM8ax ocmaemcsi Hed0CMAMmouHo U3-
yueHHol. Llesb daHHOLi cmamsu — npedcmasumao pe3yivimamst uccnedosaHuli apekmusHocmu mpex yposHeti
nosvcKoii cucmemst 06paszosarus 3a 2016 2. [Ins nposepku 3¢ pexmusrHocmu ObLia NpuMeHeHd HepaduanbHas
acummempuuHas GyHkyus HanpasaenHozo paccmosaHus (Slack-Based Directional Distance Function), komo-
pas omHocumcs K MemodoJiozuu aHanusa cpedst pyHkyuoHuposarus (DEA). B kauecmee 6X00HbIX NepeMeHHbIX
Modenu 6blIuU UCNONB308AHBI NOKA3AMENU KOonuuecmaa yuumeJeti, pabomarnujux 8 0moeibHbIX 60e600CMBax,
Koauuecmaa wikon u yHueepcumemos. Konuuecmeo wKonAbHUKO8 U CMYJeHmos paccmampusaiocs Kak 6bl-
Xo0Has nepemeHHas. bvlia ebl08UHYMA 2unome3a o CywecmeaosaHuu NOJIOHCUMENbHOL KOPPenayus Mexicoy
apekxmusHocmoio cucmemsl 06pa308aHUsl U IKOHOMUYECKUMU NOKA3AMENAMU PbIHKA Mmpyda 8 NPoSUHYUU.
IonyuenHsle daHHble NOOMeEepOUIU IMY 2unome3y: uem 8ville noKazamens 3¢pexmusHocmu cucmemsl 00-
pasosanus 8 goegodcmee, mem 00JbUle KOIUHECMBO MAbIX U CpedHux npeonpusmuti Ha 10000 x»cumeneti,
u, 8 €010 ouepedn, 8blllle 8AJI080L BHYMPeHHULI NPodyKkm Ha dyuly HaceaeHus U Huxice npoueHm 6e3pabom-
HbiX 8 pezuoHe. Pe3ynvmamol ucciedo8anus mozym 0vimb UCNONb308AHBL PA3NUUHBIMU 2PYNNAMU 3aUHMepe-
COBAHHBIX CMOPOH, 8 UACMHOCMU, COMPYOHUKAMU MUHUCMeEPCM8, 0meeuanujux 3a QyHKyuoHuposaHue cu-
cmembl HAUAIbHO20, CpedHezo U 8bicliezo 06pazosarust. OzpaHuieHus Uccnedo8aHus Kacaomcs 8vl60pa 6xo0-
HbIX U 8bIXOOHBIX NepeMeHHbLX, NOCKOIbKY NPOBeOeHHbLl aHanu3 cmamuieH (U3yuanucs 0aHHosle 3a 00UH 200),
noamomy dansHetiwue uccnedo8aHust He06X00UMO NPOOONHCUMB € UCNONB30BAHUEM OUHAMUUECKO020 NOOX00d.

KitroueBble ci1oBa: sphekTMBHOCTD, HaualbHOE 0O6pasoBaHue, cpeqHee o6pasoBaHNe, By30BCKOe 06pasoBaHie,
BbICIIIee 06pa3oBaHye, aHaIN3 Cpebl GYHKIVMOHMPOBAHMS, PHIHOK TPYIa, BOEBOACTBO, I1osbIia

BaarogapHocTu
Aemopbl 8blpaxcarom 6J1azoaapHocmb AHOHUMHbIM peueH3eHmam, uUbU MHOSOUUCIIEHHblE UEHHble KOMMEeHmapuu

u npeanomeHuﬂ Cnoco6Ccmeosau No8bIWEHUIO Kauecmea 3motl HayliHOlj cmamou.

[na uutuposanus: bxesnukuit 1., Metpxak M., Yeuopa M. SPHeKTMBHOCTb CUCTEMBI HAYaNIbHOTO, CPELSHErO U BbICLIEro 06-
pa3oBaHus B BoeBoACTBax lonblum // IkoHoMMKa pernoHa. 2022.T. 18, bin. 2. C. 494-508. https://doi.org/10.17059/ekon.
reg.2022-2-14.

Introduction rial, as well as human resources involved in ob-

The reason to undertake this analysis was the
reform of the Polish education system (both lower
level education and higher education) imple-
mented in recent years, which indicated the need
to improve the efficiency of school functioning. It
should be noted here that the very concept of ef-
ficiency is difficult to define precisely. Many au-
thors have pointed out the interdisciplinary na-
ture of efficiency, e. g. Denek (1997). It can be as-
sumed that the efficiency of schools is a relation
between the results (output) — connected to key
areas of their functioning — and financial, mate-

taining them (Baran, Pietrzak, Pietrzak, 2015). It
is worth emphasising, however, that there is no
universal set of diagnostic variables included in
inputs and output. Their selection is often lim-
ited by the availability of data and results from the
experience of the authors from previous studies
(Pietrzak, 2016). Problems related to defining and
measuring the efficiency of schools (in particular,
universities) have been discussed, among others,
by Wolszczak-Derlacz (2013).

The Data Envelopment Analysis (DEA) method
has been widely used in assessing the efficiency of
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public sector units (including educational units).
In 1978, its authors Charnes, Cooper and Rhodes,
based on the concept of productivity formulated
by Debreu and Farrell, applied it to a multidi-
mensional situation (Charnes, Cooper, Rhodes,
1978). According to their assumptions, the effi-
ciency result of each unit can be presented as the
quotient of the weighted sum of effects and the
weighted sum of expenditures. This is the rela-
tive efficiency determined for a specific set of
objects, called Decision Making Units (DMUs).
In managerial applications, DMUs may include
banks, department stores, and extend to hospi-
tals, public libraries and schools (Cooper, Seiford,
Tone, 2007). On the basis of the constructed lin-
ear programming task, the most efficient objects
are selected. They also become benchmarks for
other objects from the examined set. In addition,
the DEA method, being one of the non-paramet-
ric methods of measuring efficiency, does not re-
quire determining the functional relationship
between inputs and results (Karbownik, Kula,
2009).

Research on the efficiency of schools using
the DEA method has been conducted around the
world for many years. Recently, also in Poland (es-
pecially after 2010) one can observe an increased
interest in the abovementioned issues. Previous
analyses were carried out at three levels: indi-
vidual universities and their faculties, groups of
universities of a particular type (usually techni-
cal universities) and all public universities. Thus,
there is a lack of research on, among others, sec-
ondary and primary schools. Hence, the purpose
of this article is to present the preliminary results
of studies on the efficiency of the Polish education
sector (including the lower levels education sys-
tem and higher education) using the Slack-Based
Directional Distance Function (SBDDF) model,
belonging to the non-parametric DEA method,
by cross-section of individual provinces. One hy-
pothesis was made based on the literature review
and the objectives of the study:

H1: the higher the indicator of the efficiency of
the education system in a given province, the bet-
ter the labour market economic indicators in the
province.

The article consists of five parts. The first one is
an introduction. The second part provides a criti-
cal literature review in the field of research into
the efficiency of higher education and lower lev-
els education. The third part is devoted to research
methodology, including the selection of variables
and the DEA model for the research. The fourth
part presents the results of empirical research.
The article ends with conclusions and a summary.

Ekonomika Regiona [Economy of Regions], 18(2), 2022

Literature Review

Government policies, including educational
policy, are nowadays supposed to be based on
knowledge, such as statistics, research, analyses.
Salmi (2015) explicitly points out that regulatory
bodies should base educational policy decisions
on objective evidence. That is why, for over three
decades, research has been conducted to measure
the efficiency of schools.

The DEA method is most often used to test the
efficiency of education sector entities around the
world. A similar trend also occurs in research con-
ducted by Polish authors. According to Brzezicki
(Brzezicki, 2020a; Brzezicki, 2020b), the DEA
method has been used for years to examine the ef-
ficiency of both the lower levels education system
and higher education. However, there is a huge
disproportion between the number of studies de-
voted to schools belonging to the lower levels ed-
ucation system (14 studies, according to Brzezicki
(2020a)) and universities (80 studies, according
to Brzezicki (2020a)). While in the case of aca-
demic education, research that relates to the ef-
ficiency of individual universities dominates (only
3 studies are in regional perspective, according to
Brzezicki (2020a)), in the case of the lower levels
education system most of the research focuses on
educational efficiency in regional terms (powiats
or voivodeships). The above dependence results
from the fact that universities are autonomous
and independent units whereas entities operating
within the lower levels education system, depend-
ing on the form and level of education, are usu-
ally supervised by various levels of local govern-
ment. This implies the problem of the availability
of data on individual schools, which often operate
within teams that prevent the distribution of re-
sources used in a given educational cycle.

Osinska (2012) was the first researcher in
Poland to assess the efficiency of higher education
in particular voivodeships using the DEA method.
The research procedure was carried out in two
stages. At the first stage (“mass” of education), the
input and output system included: the number of
academic teachers per 1000 students, the number
of universities per citizen aged 19+, the percent-
age of people with higher education in the pop-
ulation aged 25+. In turn, the composition of in-
puts and effects at the second stage (“appropri-
ateness” of education) included: the percentage
of people with higher education in the population
aged 25+, the percentage of employees with higher
education among all the professionally active, the
percentage of graduates working for the first time
among all university graduates. In 2006-2007, the
fully efficient voivodeships in terms of “mass” ed-
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ucation were Masovian and Swietokrzyskie. In
terms of the “appropriateness” of education in the
analysed period, the leading voivodeships were
Opole and West Pomeranian.

Kucharski (2014), on the other hand, while
assessing the efficiency of the use of human re-
sources by Polish universities on a regional basis,
adopted the following diagnostic variables: on the
input side — the ratio of the number of 1st year
students to the number of graduates who obtained
the matriculation certificate in a given province
and the number of assistant professors, associate
professors and senior lecturers; on the output side
— the number of graduates of universities operat-
ing in the voivodeship in relation to the number of
the 2nd and higher years students and the num-
ber of doctoral and postdoctoral degrees awarded.
The obtained research results indicated that in
each of the six regions (i. e. Central, Southern,
Eastern, North-Western, Southwest and Northern)
there was one efficient voivodeship. These were:
in the Central region — Masovian, in the Southern
region — Lesser Poland, in the Eastern region —
Lublin, in the North-West — Lubusz, in the South-
West region — Opole, and in the Northern region
— Warmian-Masurian.

The regional approach was also used by
Cwigkata-Matys and Lagowski (2017), who esti-
mated the efficiency of academic promotion in
different Polish voivodeships. In their analysis,
they included the number of post-graduate stu-
dents, the number of doctoral degrees awarded,
and the number of scholarships for post-graduate
students, the share of post-graduate students per
10,000 residents. Kaczynska (2016) assessed the
efficiency of public expenditure on primary edu-
cation in the Greater Poland Voivodeship in terms
of three types of municipalities: urban (includ-
ing cities with powiat rights), urban-rural and ru-
ral areas. The author adopted three expenditure
categories for input: current expenses incurred
for public primary schools, targeted subsidies for
current expenses of private primary schools, and
funds transferred, among others, in the form of
benefits in kind, social benefits, rewards for teach-
ers, scholarships for students and other forms of
allowances for them. The result of the final test of
knowledge conducted at the end of primary school
was, however, considered as an output.

Also worldwide, numerous studies on the effi-
ciency of education sector entities have been car-
ried out in regional terms. For example, Sotiriadis,
Menexes and Tsamadias (2018), measured the
technical efficiency of secondary schools in the
Central Macedonia region in the years 2007/2008
— 2010/2011. Thus, the research period covered

the years before and during the economic crisis
in Greece. The authors used three variables as in-
puts and two as output. The study used a model
focused on minimising inputs at a certain level of
output (input-oriented). Halkiotis, Konteles and
Brinia (2018) estimated the efficiency of 23 sec-
ondary schools located in Ftiotyda prefecture. The
following inputs were assumed in the analysis: the
number of students per teacher, the average num-
ber of students in one class, and the average an-
nual public expenditure per student. The output
side included: the percentage of secondary school
graduates admitted to universities, the percentage
of secondary school graduates admitted to poly-
technics, or the percentage of secondary school
graduates who obtained the highest score during
the university entrance exam.

Research Methodology

As mentioned earlier, the research on the ef-
ficiency of educational units was most often car-
ried out using the non-parametric DEA method.
Within this framework, researchers mostly used
the radial models: CCR (Charnes, Cooper and
Rhodes) — with constant return to scale, BCC
(Banker, Charnes and Cooper) — with variable re-
turn to scale and their modifications, as well as
the sporadic non-radial SBM model (Slack-Based
Models).

However, the progress in measuring efficiency
using a more general and flexible approach, which
is the Directional Distance Function (DDF), has
made it increasingly used to measure the effi-
ciency of business entities under the DEA meth-
odology. Chambers, Chung and Fare (1996; 1998),
using the works of Luenberger (1992a; 1992b;
1995), redefined the benefit function and the
shortage function that Luenberger had developed
as a measure of efficiency. The authors thus intro-
duced a new distance function, calling it the di-
rectional distance function. Fare and Grosskopf
(2000) stated that the Shephard distance function
used so far in DEA radial models (Shephard, 1953;
Shephard, 1970) is a special case of the directional
distance function. However, Fare and Primont
(2006) pointed out directly that the function of di-
rectional distance is an alternative to respective
concepts of measuring radial efficiency.

In the literature on the subject (Brzezicki,
2017), it is emphasised that the basic disadvan-
tage of the radial approach in measuring effi-
ciency is the lack of taking into account the level
of backlash. In response to this imperfection, Fire
and Grosskopf (2010a; 2010b) using the concept
of the directional distance function (Chambers,
Chung, Fire, 1996; Chambers, Chung, Fare, 1998)
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and the assumptions of the non-radial SBM model
(Tone, 2001) presented the non-radial slack-based
directional distance function — SBDDF.

Since the SBDDF model was relatively rarely
used in previous studies devoted to measur-
ing the efficiency of educational systems, we de-
cided to fill the knowledge gap. In the study un-
dertaken, the main criterion for choosing diagnos-
tic variables was the availability of data. Because
the basic resources used in the education pro-
cess are people who determine both the quanti-
tative and qualitative aspect of educational activi-
ties, the total number of full-time teachers in par-
ticular voivodeships of Poland (in full-time posi-
tions) was assumed as expenditure. The second
outlay was the total number of schools in a given
voivodeship. The adoption of such a research con-
vention resulted, in a sense, from the subsidy al-
gorithm for educational schools, by means of
which the amount of financial resources trans-
ferred by the Ministry of National Education to in-
dividual territorial self-government units (JSTs)
is defined. JSTs are supervisory and management
units for particular schools (primary, junior high,
secondary schools). Consequently, local govern-
ment units are responsible for the entire structure
of the network of educational establishments in
their area of exercising territorial power.

In the literature (Pietrzak, 2016), the number of
pupils (students) and/or graduates was most often
taken as effects of the learning process, and the
number of academic teachers as inputs. Therefore,
it was decided to use these variables in this study
(Table 1).

In the case of the study of the entire education
system in regional terms, the combined data was

adopted from both systems, including lover levels
education and higher education (Table 1). In con-
nection with the above, the total number of full-
time teachers (in full-time positions) was assumed
as the first input, and the number of schools in a
given voivodeship as the second one. The over-
all number of pupils in the lower levels education
system and students in higher education system
served as an output.

The survey covered all voivodeships in Poland.
The following codes were assigned to them: W,
— Lower Silesia, W, — Kuyavian-Pomeranian,
W, — Lublin, W, — Lubusz, W, — Lodz, W, —
Lesser Poland, W, — Masovian, W, — Opole,
W, — Subcarpathian, W,, — Podlaskie, W, —
Pomeranian, W, — Silesian, W, — Swietokrzyskie,
W,, — Warmian-Masurian, W, — Greater Poland,
W,, — West Pomeranian.

We also decided to confront the results con-
cerning the efficiency of the education system
with selected socio-environmental variables char-
acterising particular voivodeships (data availa-
bility was taken into account in their selection).
These variables illustrate selected aspects of hu-
man capital and the level of public administra-
tion’s involvement in the education system. In
addition, their impact may positively (stimulants
— the higher the value, the better) or negatively
(destimulants — the lower the value, the better)
affect the situation in the voivodeship. Thirteen
socio-environmental variables were selected for
the study and subjected to statistical verification.
Due to the low level of the coefficient of variation
V(x) (below 10 %), three variables were excluded
from the analysis. The other variables are given
the designations X, to X

Table 1

Expenditure and effects adopted for testing the efficiency of the lower levels education system, higher education, the
entire education system (lower levels education + higher education) in particular provinces of Poland

Co??;:?::il:]t:lc: Name of the variable
A. Lower levels education system
number of full-time primary and secondary education teachers in the voivodeship
Inputs - - : :
number of primary and secondary schools in the voivodeship
Output number of pupils/students in primary and secondary schools in the voivodeship
B. Higher education system
Inputs number of full-time academic teachers in the voivodeship
number of universities (tertiary education units) in the voivodeship
Output number of university students in the voivodeship
C. Education system (in total: including primary, secondary and tertiary education systems)
Inputs number of full-time lower levels education teachers and academic teachers in the voivodeship
number of primary, secondary, tertiary educational units in the voivodeship
Output number of'pupils in primary education schools and students in secondary and tertiary in the
voivodeship

Source: own study.

Ekonomika Regiona [Economy of Regions], 18(2), 2022
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Table 2
Socio-environmental variables included in the study
Impac.t . Code. of the Name of the variable
characteristics | variable
X, Expenditure of municipal budgets on education and upbringing (in PLN thousand)
X, Expenditure of powiat budgets for education and upbringing (in PLN thousand)
Positive X, Expenditure of voivodeship budgets on education and upbringing (in PLN thousand)
(stimulants) X, Number of the SME sector companies per 10,000 residents
X, GDP per capita (in current prices)
X, Expenditure of enterprises on research and development (R&D) in relation to GDP (in %)
X, Percentage of persons not in employment, education or training at the age of 15-29 (in %)
. X, Percentage of registered unemployed in the productive age (in %)
?ilii?itrlrrliants) X, Percentage of registered unemployed with higher education (in %)
X Percentage of registered unemployed with post-secondary education and vocational
10 average (in %)

Source: own study.

The education system in Poland depends pri-
marily on public funding, whose structure is
formed on the basis of the educational subsidy
algorithm of the Ministry of National Education
(MEN) and the grant algorithm for teaching ac-
tivities of the Ministry of Science and Higher
Education (MSHE). In relation with the above,
socio-environmental variables that have a posi-
tive impact on the situation in voivodeships are,
among others: expenditure of municipal budgets
on education and upbringing (in PLN thousand)
(X)), expenditure of powiat budgets on education
and upbringing (in PLN thousand) (X)), expendi-
ture of voivodeships budgets on education and
upbringing (in PLN thousand) (X;).

The education system also affects the growth
of entrepreneurial attitudes in the society, which
is why the number of the small and medium (SME)
sector companies per 10,000 residents was also
included in the analysis (X,). Moreover, entrepre-
neurial behaviour and the number of companies
in the SME sector affect the society’s wealth in
voivodeships expressed in gross domestic product
(GDP )per capita (X,), as well as on enterprises’ ex-
penditure on research and development (R&D) in
relation to GDP (in %) (X)).

In turn, the following factors were assumed
as variables having a negative impact on the so-
cio-economic situation in voivodeships: the per-
centage of people not working, not in education or
training, aged 15-29, i. e. the so-called NEET (not
in employment, education or training) (in %) (X.),
percentage of registered unemployed in work-
ing age (in %) (X,), percentage of registered un-
employed with higher education (in %) (X,), per-
centage of registered unemployed with post-sec-
ondary and secondary vocational education (in %)
(X,,)- The list of all environmental variables in-
cluded in the study is presented in Table 2.

In order to maintain consistency with the re-
sults of the efficiency of the education system, all
environmental variables apply to the year 2016.
In addition, these variables (except for subsidies
for universities, whose values were taken from the
Ministry of Science and Higher Education decla-
rations) were obtained from publicly available
databases of the Ministry of Science and Higher
Education (The Integrated System of Information
on Science and Higher Education') and Statistics
Poland (Local Bank Data?; STRATEG?). The DJL
package and the R program were used to estimate
the level of efficiency of education with the use
of a model of the slack-based directional distance
function (Fare, Grosskopf, 2010a; Fare, Grosskopf,
2010b). Descriptive, graphical and tabular meth-
ods were used to present research results.

Results and Discussion

Table 3 presents the synthetic characteristics
of Polish provinces in cross-section of variables
included in the DEA model. Based on the results
of the model, the efficiency of particular voivode-
ships was determined and a ranking was created
(Table 4). The average values of DEA efficiency in-
dicators for Polish voivodeships in 2016 were re-
spectively: 0.879 (for the lover levels education
system), 0.771 (for the higher education system)
and 0.789 (for the lover levels education system).
Six voivodeships (Lower Silesia, Lubusz, Masovian,
Opole, Pomeranian and Greater Poland voivode-
ship) out of the sixteen analysed were considered

! The Integrated System of Information on Science and Higher
Education. Retrieved from: https://polon.nauka.gov.pl/po-
lon-network (Date of access: 31.07.2020).

? Local Data Bank (LDB). Retrieved from: https://bdl.stat.gov.
pl/BDLy/start (Date of access: 31.07.2020).

5 STRATEG. Retrieved from: https://strateg.stat.gov.pl/dash-
board (Date of access: 31.07.2020).

DKOHOMMKa pervoHa, T.18, Bbin. 2 (2022)



500

Table 3
Characteristics of Polish voivodeships according to variables used in the DEA model
Specification Minimum Average Maximum
Number of full-time lower levels education teachers (full-time positions) 8662 22298 51523
Number of full-time academic teachers (full-time positions) 1216 5965 17125
Number of lower levels schools 642 1568 3296
Number of higher education schools 6 24 94
Number of pupils of lower levels education schools 101609 280185 653496
Number of students of higher education schools 29968 168435 539332
Source: own study based on the conducted research.
Table 4

Ranking of Polish voivodeships in terms of the value of the indicators of the efficiency of the systems: lower levels
education, higher education, education (Note: the voivodeships were ranked in terms of the value of the education
system efficiency index)

. . Lower levels education system Higher education system Education system efficiency
Specification . R . . .

efficiency index efficiency index index
4 1.000 1.000 1.000
W, 1.000 1.000 1.000
w, 1.000 1.000 1.000
W, 1.000 1.000 1.000
W, 1.000 0.956 0.907
W, 0.854 0.324 0.906
W, 0.944 0.448 0.838
W, 0.868 1.000 0.754
W, 1.000 0.691 0.743
w, 0.779 1.000 0.738
W, 0.857 0.637 0.706
W, 0.844 0.554 0.696
w, 0.993 0.685 0.690
W. 0.707 0.398 0.682
W, 0.633 0.640 0.522
W, 0.579 1.000 0.438
Minimum 0.579 0.324 0.438
Average 0.879 0.771 0.789
Maximum 1.000 1.000 1.000

Source: own study based on the conducted research.

to be fully efficient in terms of the lower levels
education system, and their efficiency index was
one (Table 4). It is worth noting that the Silesian
voivodeship was very close to the efficiency limit
(0.993).

In the case of the higher education sys-
tem, seven voivodeships were fully efficient.
These were the following voivodeships: Lower
Silesian, Lubusz, Masovian, Opole, Warmian-
Masurian, Lesser Poland, and Subcarpathian. This
means that these voivodeships have strong ac-
ademic centers, which are popular with second-
ary school graduates. These are: Wroctaw (e. g.
Wroctaw University of Technology, University of
Wroctaw, Wroctaw University of Environmental
and Life Sciences), Zielona Goéra (e. g. University
of Zielona Goéra), Warsaw (e.g. University of
Warsaw, Warsaw University of Technology,

Ekonomika Regiona [Economy of Regions], 18(2), 2022

Warsaw School of Economics, Warsaw University
of Life Sciences, Kozminski University, Polish-
Japanese Academy of Information Technology),
Opole (e. g. University of Opole, Opole University
of Technology), Olsztyn (e. g. University of Warmia
and Mazury in Olsztyn, University of Life Sciences
in Olsztyn), Krakow (e. g. Jagiellonian University,
AGH University of Science and Technology in
Krakow, Cracow University of Technology), and
Rzeszow (e.g. Rzeszow University, Rzeszéw
University of Technology). Efficiency indicators for
other voivodeships ranged from 0.324 (Podlaskie
voivodeship) to 0.956 (Pomeranian voivodeship).
It is worth noting that four voivodeships were
fully efficient in both the lower level education
system and higher education. For this reason,
they became leaders in the ranking in terms of
the education system efficiency index. These were
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®

Fig. 1. Fully efficient voivodeships — lower level education system (Note: the voivodeships were marked in black) (source: own

study based on the conducted research)

. o

W ot

Fig. 2. Fully efficient voivodeships — higher education system (Note: the voivodeships were marked in black) (source: own study
based on the conducted research)
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the following provinces: Lower Silesian, Lubusz,
Masovian, and Opole voivodeship. The last posi-
tion in the ranking of the efficiency of the edu-
cation system was taken by the Subcarpathian
voivodeship (Table 4).

Since 2018, Statistics Poland (GUS) has dis-
tinguished seven macro-regions (the names
of voivodeships are given in brackets) in
Poland (Wojnarowski, 2019): 1. Central (L6dz,
Swietokrzyskie voivodeships); 2. Southern
(Lesser Poland, Silesia voivodeships); 3. Eastern
(Lublin, Subcarpathian, Podlaskie voivodeships);
4. North-Western (Lubusz, Greater Poland, West
Pomeranian voivodeships); 5. South-Western
(Lower Silesia, Opole voivodeships); 6. North
(Kuyavian-Pomeranian, Pomeranian, Warmian-
Masurian voivodeships), 7. Masovian voivodeship.
Comparing this division with the performance in-
dicators from Table 4, it can be stated that almost
all regions have at least one voivodeship whose
lower level education and/or higher education
system is fully efficient (Figure 1 and Figure 2).

In the next step of the analysis, the results ob-
tained in terms of the efficiency of the education
system were confronted with selected socio-envi-
ronmental variables (X, X, X,, X,, X, X, X, X,,
X,, X,,) that characterise particular voivodeships.
To begin with, it is worth mentioning that the
voivodeship with the highest value of budget ex-
penditure of communes, powiats and voivodeship
on education and upbringing (8,522,798.5 thou-

sand PLN, 843,029.0 thousand PLN and 102,158.3
thousand PLN, accordingly), with the largest num-
ber of the SME sector companies per 10 thousand
residents (1,467 companies), the highest GDP per
capita (159.7), as well as the lowest percentage of
persons not in employment, education or train-
ing (aged 15-29) (NEET) (12.0 %), in 2016 was
the Masovian voivodeship (Table 5.). In turn, the
Lesser Poland voivodeship had the highest ex-
penditure of enterprises on research and develop-
ment (R&D) in relation to GDP (in %) (1.7 %.) The
voivodeship with the lowest percentage of regis-
tered unemployed in the productive age (in %) was
the Greater Poland voivodeship (3.6 %). The lowest
percentage of registered unemployed with higher
education (in %) was in the Kuyavian-Pomeranian
voivodeship (8.7 %). Finally, the West Pomeranian
voivodeship was the one with the lowest percent-
age of registered unemployed with post-second-
ary and vocational secondary education (18.2 %).

In Figures 3-12, scatter charts between indica-
tors of the efficiency of the education system in a
given voivodeship and socio-environmental varia-
bles are presented.

In general, on the basis of the results ob-
tained, it can be concluded that the higher the
education system efficiency indicator in a given
voivodeship, the greater the number of the SME
sector companies per 10,000 inhabitants and the
higher the GDP per capita (in current prices). On
the other hand, the higher the education sys-

Table 5
Characteristics of Polish voivodeships according to social-environmental variables
Specification Social-environmental variables

Xl XZ X3 X4 XS X6 X7 XS X9 XIO

w, 3734606.7 547636.4 52413.8 1243.0 110.8 | 0.5 | 14.0 | 4.8 | 12.0 | 20.5
W, 2827659.0 372471.8 52217.6 930.0 81.6 0.2 | 175 | 7.6 | 8.7 19.1
W, 2900961.2 390728.1 41591.6 816.0 68.9 0.2 | 180 | 7.3 | 154 | 24.5
w, 1317488.9 192541.3 16381.7 1098.0 83.9 0.1 | 17.8 | 5.1 | 10.2 | 20.6

W, 3158505.4 475845.3 37031.2 978.0 93.3 0.3 | 12.8 | 6.0 | 11.8 | 19.7
W, 4783805.3 620788.3 62475.6 1096.0 90.6 1.7 | 135 | 4.6 | 16.3 | 23.8
W, 8542798.5 843029.0 102158.3 1467.0 159.7 | 1.1 | 12.0 | 5.8 | 154 | 21.7
W, 1278751.6 249455.3 22424.5 1009.0 79.6 0.2 | 162 | 5.2 | 11.9 | 194
W9 2867432.5 481455.2 45790.7 788.0 704 | 0.8 | 19.3 | 80 | 15.0 | 254
w, 1683838.9 159413.9 16709.1 842.0 70.8 0.1 | 152 | 6.5 | 14.5 | 229
W, 3312087.7 447678.4 29099.5 1238.0 96.9 0.8 | 14.7 | 4.5 | 129 | 20.3
w, 6482188.7 468 539.3 76444.0 1023.0 103.6 | 0.4 | 13.7 | 4.3 | 13.7 | 22.0
W, 1505067.4 318318.4 19775.0 886.0 71.5 02| 192 | 74 | 163 | 24.6
w, 1821453.1 375604.8 22535.9 864.0 71.3 0.1 | 22.3 | 8.1 9.4 19.1
W, 4909973.4 748 360.5 49560.3 1190.0 109.1 | 0.3 | 13.1 | 3.6 | 13.0 | 21.5
W, 2137251.6 325871.8 16642.2 1294.0 83.8 0.1 | 19.7 | 6.2 | 10.8 | 18.2
Minimum 1278751.6 159413.9 16381.7 788.0 68.9 0.1 | 120 | 3.6 | 8.7 18.2
Average 3328991.9 438608.6 41453.2 1047.6 90.4 | 0.5 | 14.7 | 6.0 | 13.0 | 21.5
Maximum 8542798.5 843029.0 102158.3 1467.0 159.7 | 1.7 | 22.3 | 8.1 | 16.3 | 254

Source: own study based on POL-on, Statistics Poland.
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Fig. 3. Scatter plot — education system efficiency index vs. expenditure of municipal budgets on education and upbringing (in PLN
thousand) (source: own study based on the conducted research)
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Fig. 4. Scatter plot — education system efficiency index vs. expenditure of powiat budgets for education and upbringing (in PLN
thousand) (source: own study based on the conducted research)
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Fig. 5. Scatter plot — education system efficiency index vs. expenditure of voivodeship budgets on education and upbringing (in
PLN thousand) (source: own study based on the conducted research)
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relation to GDP (in %) (source: own study based on the conducted research)
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and vocational average (in %) (source: own study based on the conducted research)

tem efficiency indicator in a given voivodeship,
the smaller the research and development (R&D)
expenditure in relation to GDP (in %), the lower
the percentage of people not in employment, ed-
ucation or training, aged 15-29 years (NEET),
the lower the percentage of registered unem-
ployed in productive age, the lower the percent-
age of registered unemployed with higher educa-
tion and the lower the percentage of registered
unemployed with post-secondary and secondary
vocational education. Therefore, hypothesis 1,
which assumed the higher the indicator of the ef-
ficiency of the education system in a given prov-
ince, the better the labour market economic in-
dicators in the province was verified positively. It
is also worth mentioning that the smallest cor-
relations occurred between the indicators of the
efficiency of the education system and the ex-
penditure of budgets of municipalities, powi-
ats and voivodeships on education and upbring-
ing (in PLN thousand). This may indicate that the
adopted distribution of funds includes other var-
iables than those taken into account by the au-
thors in the efficiency model.

Conclusions

In this article, we made an attempt to assess
the technical efficiency of the lower level (primary
and secondary) education system and higher (ter-
tiary) education (together and separately) in par-
ticular voivodeships of Poland in 2016. We aimed
to find out if there is a correlation between the ef-
ficiency of the education system in a given prov-
ince and the labour market economic indica-
tors in the province. The study used the non-ra-
dial SBDDF model, which until now has been used
sporadically to measure school performance. The

Ekonomika Regiona [Economy of Regions], 18(2), 2022

obtained results indicated that the fully effec-
tive voivodeships in the field of the education
system were: Lower Silesia, Lubusz, Masovian,
Opole, Pomeranian, and Greater Poland. In turn,
the fully effective voivodeships in the field of
the higher education system were: Lower Silesia,
Lubusz, Masovian, Opole, Warmian-Masurian,
Lesser Poland, and Subcarpathian. The most re-
markable result to emerge from the data is
that there is a definite positive correlation be-
tween the efficiency of the education system
and the economic situation of the labour mar-
ket. The study showed that the higher the indi-
cator of the efficiency of the education system in
a given province, the higher the number of com-
panies in the SME sector per 10,000 inhabitants,
the higher the GDP per capita (in current prices)
and the lower the rates of unemployment in the
province.

This paper has highlighted the importance of
conducting regional analyses in terms of the ef-
ficiency of the education system. Our study pro-
vides encouragement for a new non-radial SBDDF
model. These findings add to a growing body of
literature on efficiency of the education sys-
tem (primary, secondary and tertiary) in terms of
regions.

Of course, one should bear in mind the limita-
tions of the tests and the method itself. The con-
ducted research concerned 16 voivodeships, which
forced a compromise in the number of diagnostic
variables included. As a result, the main advan-
tage of the DEA method, which is efficiency test-
ing, taking into account many inputs and outputs,
was used to a limited extent. In addition, both in-
puts and outputs included only quantitative as-
pects of the functioning of the education system.
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However, we are aware that the model used, as perspective, including using a dynamic approach
well as the method of analysis, have the charac- (e.g. Dynamic SBM — DSBM). In addition, it is
teristics of novelty on an international scale. worth considering extending the set of variables

It is recommended to continue research on the to those relating to the qualitative aspects of the
efficiency of the education system in a regional functioning of schools.
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