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Abstract: The aim of this article was to estimate the total efficiency of teaching activity carried
out in Polish higher education institutions in 2015. The study used the EBM model belonging to the
nonparametric DEA method. The output of the education process was measured by the number of grad-
uates of the first-cycle and second-cycle studies and long-cycle studies, the number of doctoral degrees
awarded, the number of postgraduate studies certificates issued, and the number of academic teachers
and the total value of teaching activity revenue, the total value of state budget subsidies along with fees
for educational services and fixed assets. Efficiency measurement was made for two variants: M1
and M2. The obtained research results indicate that on average, the difference between the indicators
of the total efficiency of teaching activity under the two empirical models is 0.00. This is due to the fact
that the share of budget subsidies and fees paid by students of part-time studies, in the revenues from
teaching activity is at the level of 87%. There is also a positive but weak correlation between the total
efficiency ratios and financial results obtained from teaching activities.

Keywords: higher education, efficiency, DEA, EBM.
JEL Classification: 121,122,123, C14.

1 Introduction (...), improving the functioning of the higher educa-
tion system through changes in the areas of organiza-
The higher education system plays an extremely im- tion, management and financing of teaching

portant role in the development of many countries.
It enables the acquisition of necessary qualifications
and skills (provides human capital of adequate qual-
ity) for the needs of economies. Therefore, many
countries are involved in financing the activities
of higher education institutions. In Poland, the Minis-
try of Science and Higher Education (MSHE), since
the beginning of the reform process has emphasized
in its documents the need to spend public funds effec-
tively and improve the quality of educational services.

It was already indicated in the assumptions to the Act
on Higher Education of 2011 (MSHE, 2009, p.22) that
“the proposed changes are primarily of a pro-quality
nature and lead to an improvement in the efficiency
of spending public funds on higher education”. “By
2030, development goals were adopted, including,
among others (Ministry of Science and Higher Edu-
cation, 2015a, p. 6) increasing the quality of education
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activities”. Nucinska (2017, p.106) states that “public
entities need efficient management more than com-
mercial entities. This is due to the lack of market stim-
uli affecting them which would spontaneously force
effective and efficient action.”

The aim of the study was to estimate the level of effi-
ciency of the total teaching activity of Polish public
higher education in 2015 using the data envelopment
analysis (DEA) method. In addition, it was decided
to analyze the revenues and costs of teaching activity
in the context of total efficiency indicators.

The added value of the article is determining the total
efficiency of teaching activity, of various forms of ed-
ucation using the epsilon-based measure (EBM)
model, which has not been used so far, either in Po-
land or abroad.
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The article consists of seven parts. The first has the
character of an introduction, the second part reviews
the literature on the applied research variables and
DEA models. The next, methodical part characterizes
the EBM model used in empirical research. In the
fourth and fifth parts respectively, the research sample
was defined and the variables used for the efficiency
analysis were defined. The results of the research and
their interpretation are presented in the sixth part. The
final conclusions and directions of further research are
presented in the seventh part of the article in the form
of a summary.

2 Literature review

The studies of Brzezicki (2018a) and Brzezicki
and Predki (2018) show that the non-parametric DEA
method is most often used to measure the efficiency
of higher education. However, it should be noted that
not all of the analytical possibilities of this method
have been exhausted, nor all problems connected with
the functioning of higher education in Poland (espe-
cially in the field of teaching) have been solved.
Researchers involved in the evaluation of the process
of teaching universities using the DEA method fo-
cused primarily on first and second cycle studies and
uniform master’s studies (Brzezicki, Pietrzak, 2017;
Cwiakata-Matys, 2010; Wolszczak-Derlacz, 2013).
Occasional attention was paid to doctoral studies
(Brzezicki and Pietrzak, 2018; Flégl, Ticha and Stan-
islavska, 2013).

Usually the issues of doctoral studies, if they were
raised at all, were discussed only in the context of first
and second cycle studies (Chodakowska, 2015;
Nazarko and Saparauskas, 2014; Szuwarzynski, 2005;
Mikusova, 2015). There are also very few analyses
in which post-graduate studies were considered
(Johnes, 2006; Flegg, et al., 2003). In foreign litera-
ture, only in a few studies on the efficiency of higher
education, the authors discussed a number of various
forms (first and second cycle studies, doctoral and
postgraduate studies) of academic education in the
same work (Johnes, 2006; Visbal-Cadavid, et al.,
2017). And as far as Polish literature is concerned, no

! Including doctoral students.
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assessment of total effectiveness (concerning all
forms of higher education) has yet been made.

Depending on the purpose of the study, the following
diagnostic variables were used in measuring the effi-
ciency of teaching activities: the number of students,
the number of doctoral students, or the number
of graduates, the number of doctors or both.

As indicated by Wolszczak-Derlacz (2013, p.35)
“the problematic variable is the number of students’,
because it is not entirely clear whether it should be
included in the input or the output of the university’s
operation”. Hence, the researchers sometimes as-
sumed the number of students (Pietrzak and Baran,
2017) and sometimes the number of graduates
(Parteka and Wolszczak-Derlacz, 2013) as the result
of the academic education process.

A similar situation was in the case of doctoral studies.
The number of participants in doctoral studies was
adopted as a result of teaching activities by Cho-
dakowska (2015) and Nazarko and Saparauskas
(2014), and the aggregate number of degrees awarded,
including the Ph.D. degrees as a result, but of a scien-
tific activity (Brzezicki and Predki, 2018). Pietrzak
(20164, b), however, placed the number of doctoral
students on the input side. And Johnes (2006) as-
sumed on the input side the number of first-cycle stu-
dents and post-graduate students, and classified as a
result the number of professional titles awarded at
first-cycle studies and the combined number of doc-
toral degrees awarded and other higher titles.

Three groups of variables were usually assumed as ex-
penditures, that is, personal, financial and tangible.
The most commonly used variable was the number
of academic teachers (Cwiakata-Matys, 2010), some-
times also the number of other employees who are not
teaching staff (Brzezicki and Predki, 2018). In terms
of financial data, the value of teaching subsidies
(Brzezicki, 2016), total teaching revenues (Brzezicki,
2017) or total revenues of the university (Visbal-Ca-
david, et al., 2017) were taken into account. In the
case of tangible variables, the value of assets (e.g.,
Cwiakata-Malys, 2010), fixed assets (Brzezicki and
Predki, 2018) and various types of costs, in the form
of, for example, consumption of materials and energy,
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external services, gross wages and depreciation
(Swittyk, 2012) were considered.

To test the efficiency of higher education using the
DEA method, two standard radial models are most of-
ten used, namely CCR (proposed by Charnes, Cooper
and Rhodes) and BCC (proposed by Banker, Charnes
and Cooper) (Cwigkata-Malys, 2010). However,
within the DEA method has created many different
models and their modifications that have new analyt-
ical capabilities previously unavailable. Some authors
involved in the study of higher education recognize
the potential and possibilities of new DEA models, an
example of which are subsequent attempts to use
them. These include: the non-radial SBM model
(Brzezicki, 2017; Visbal-Cadavid et al., 2017), non-
radial network slacks-based measure (SBM) model
(Pietrzak and Brzezicki, 2017), network model (Cho-
dakowska, 2015), relational model (Brzezicki and
Pietrzak, 2017).

The above summary shows that the studies can be di-
vided into those carried out using radial and non-ra-
dial models. Yet, Brzezicki and Pietrzak (2018) made
the first Polish attempt to use these two approaches
in one hybrid model. The authors of this article de-
cided to develop and deepen the analysis of the effi-
ciency of higher education using a model combining
radial and non-radial approach.

3 Methodology of the empirical study

As noted in the previous part of the article, the DEA
method is very often used to examine the efficiency
of the higher education system. The first DEA model
presented was the radial CCR model, assuming con-
stant scale effects (Charnes, et al., 1978). And the
non-radial SBM model was developed as long as 23
years later as a response to the imperfections of radial
efficiency measures (Tone, 2001).

In addition, in the non-radial SBM model, there were
taken into account mismatched values (gaps) that
arise when optimizing the objective function when
there are surplus inputs and deficiencies in the results
of the entity’s empirical technology in comparison
to the optimal technology (Kozun-Cies$lak, 2011).
Brzezicki (2017), presenting the differences between
the two approaches, pointed out that in the case of ef-
ficiency testing using a radial CCR model aimed
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at minimizing input, all input is proportionally re-
duced. However, there are no such situations in eco-
nomic practice, as various inputs have a differentiated
impact on the efficiency of the economic entity
(Johnes and Tone, 2017).

Therefore, non-radial models are based on the as-
sumption that it is possible to achieve full efficiency
of the decision making unit (DMU) with various com-
binations of its resources. However, the simultaneous
use of both measures, that is, radial and non-radial al-
lows comprehensive examination of the efficiency
of a given business entity.

Tone and Tsutsui (2010) presented the EBM model
that combines the above two approaches in a uniform
structure. The EBM model has two parameters: one
scalar and one vector. In order to estimate these pa-
rameters, Tone and Tsutsui (2010) introduced a new
affinity index with inputs or outputs. Based on the
principal component analysis (PCA), a relationship
matrix is defined. The above two parameters are used
to unify the radial approach and non-radial in one co-
herent EBM model. This model with variable scale ef-
fects and output-oriented (EBM-O-V) is defined
as follows:

isi

W; S

1/t" = max n+e X, " (D)
XA < Xo,
Ny, — YA+st =0,
A=0, st=>0 A,=1,
where:

the input and output matrices are denoted by X and Y,
w;t — is the weight of the output,

n —is the radial factor of the output,

st — represents non-radial output slacks,

A — is the intensity vector.

In contrast, €y is a key parameter that combines radial

and non-radial clearance values. Values w;" and &
must be determined before measuring efficiency.

The empirical study adopted the EBM model’s orien-
tation on output, as the purpose of the analysis was
to estimate the maximum results of individual forms
of education in the form of the number of qualifica-
tions and people who received them.
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The adopted convention should reflect the overall as-
sessment of teaching activities of universities.

4 Selection of research objects

The research sampling was purposeful. The study in-
volved 57 out of 59 academic universities supervised
by the Ministry of Science and Higher Education
in 2015. Two units were excluded from the study due
to a lack of data, that is, the University of Technology
and Humanities in Bielsko-Biata (U22), because
in 2015, no doctoral degree was awarded in this unit,
and the Bronistaw Czech Academy of Physical Edu-
cation in Cracow (U55), where no post-graduate cer-
tificates were issued.

Universities accepted for the study (DMU) were given
the following codes: Ul — University of Warsaw, U2
— University of Biatystok, U3 — University of Gdansk,
U4 — University of Adam Mickiewicz, in Poznan, U5
— Jagiellonian University in Krakow, U6 — University
of Lodz, U7 — Maria Curie-Sktodowska University
in Lublin, U8 — Nicolaus Copernicus University
in Torun, U9 — University of Opole, U10 — University
of Szczecin, U11 — University of Silesia in Katowice,
Ul2 — University of Rzeszow, U13 — University
of Warmia and Mazury in Olsztyn, U14 — University
of Wroctaw, U15 — Cardinal Stefan Wyszynski Uni-
versity in Warsaw, U16 — University of Zielona Gora,
Ul7 — Kazimierz Wielki University in Bydgoszcz,
U18 — Jan Kochanowski University in Kielce, U19 —
West Pomeranian University of Technology in Szcze-
cin, U20 — Warsaw University of Technology , U21 —
Politechnika Bialostocka, U23 — Czestochowa Uni-
versity of Technology, U24 — Gdansk University
of Technology, U25 — Silesian University of Technol-
ogy in Gliwice, U26 — Kielce University of Technol-
ogy in Kielce, U27 — Koszalin University of Technol-
ogy, U28 — Tadeusz Kos$ciuszko Cracow University
of Technology, U29 — AGH University of Science
and Technology in Krakéw, U30 — Lublin University
of Technology, U31 — Lodz University of Technol-
ogy, U32 — Opole University of Technology, U33 —
Poznan University of Technology, U34 — Kazimierz
Putaski University of Technology and Humanities
in Radom, U35 — Ignacy Lukasiewicz Rzeszow Uni-
versity of Technology, U36 — Wroclaw University
of Technology, U37 — University of Economics in
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Katowice, U38 — University of Economics in Krakow,
U39 — University of Economics in Poznan, U40 —
Warsaw School of Economics, U41 — University of
Economics in Wroclaw, U42 — the Maria Grze-
gorzewska University in Warsaw, U43 — Jan Dtugosz
University in Czgstochowa, U44 — The Pedagogical
University in Krakow, U45 — Pomeranian University
in Stupsk, U46 — University of Natural Sciences and
Humanities in Siedlce, U47 — Warsaw University of
Life Sciences, U48 — Jan and Jedrzej Sniadecki’s Uni-
versity of Technology and Life Sciences in Byd-
goszcz, U49 — University of Agriculture in Krakow,
US50 — University of Life Sciences in Lublin, U51 —
University of Life Sciences in Poznan, U52 — Univer-
sity of Life Sciences in Wroctaw, U53 — Jedrzej Sni-
adecki Academy of Physical Education and Sport in
Gdansk, U54 — the Jerzy Kukuczka Academy of Phys-
ical Education in Katowice, U56 — the Eugeniusz Pi-
asecki Academy of Physical Education Academy of
Physical Education in Poznan, U57 — Jozef Pitsudski
University of Physical Education in Warsaw, U58 —
University of Physical Education in Wroctaw, U59 —
Christian Theological Academy in Warsaw U31.

According to the Ministry of Science and Higher Ed-
ucation classification, all the above-mentioned uni-
versities were assigned to specific groups of univer-
sities: universities (18 objects, U1-U18), technical
universities (17 objects, U19-U36 [without U22]),
economic universities (5 objects, U37—41), pedagog-
ical universities (4 objects, U42-U46), agricul-
tural/natural science universities (6 objects, U47—
U52), physical education academies (5 objects, U53—
US58 [without U55]). Theological colleges were not
included in the classification of groups, as there is
only one school of that type (U59). Grouping of uni-
versities will help to determine whether belonging
to a given group affects the level of efficiency.

5 Variables adopted for empirical study

The selection of appropriate variables characterizing
individual forms of education is not trivial, especially
in terms of expenditure. Sharing resources during the
implementation of various teaching processes, as well
as the lack of access to detailed records of universities,
only intensifies the problem of determining the level
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of their use. However, the above problems occur only
when analyzing selected forms of study.

The holistic approach to the teaching activity of uni-
versities makes it possible to take into account the to-
tal expenditure used in the field of educational
services, that is, in the form of financial and human
resources and tangible (university assets). The first in-
put adopted in the study is the number of academic
teachers (full-time and part-time) — X, the second is
the total value of teaching income — Xo.

Since the system of financing teaching activities
in Poland is based on two main financial streams: sub-
sidies from the state budget and fees collected from
part-time students, it would be worth assessing the sit-
uation of universities in two variants. In the first case,
when the expenditure is the total amount of revenue
from teaching activities. In the second, when univer-
sities would have only a state subsidy and tuition paid
by students at their disposal — that is why, the total
value of these two financial streams in the form of ex-
penditure was assumed — Xs.

The above procedure aims to check several issues.
Firstly, if the value of funds transferred by the state
in the form of subsidies is underestimated in relation
to the costs of full-time education, and secondly,
whether universities duly estimate the costs of part-
time studies using appropriate tools (methods), col-

lected accounting data and knowledge about the edu-
cational process. The last variable accepted for the
study is the value of fixed assets — X4. The above var-
iables have been used many times in literature by
other authors, which was presented in the literature re-
view.

As far as the effects of teaching activity are con-
cerned, the following variables were adopted: the total
number of graduates of 1st, 2nd degree and uniform
Master’s studies (full-time and part-time, including
foreigners) in 2015 (Y1), the number of doctoral de-
grees (Y2) in 2015, the number of post-graduate cer-
tificates (2015) issued in 2015 (Y3).

According to the research assumption, two variants
of financial variables assigned to two empirical mod-
els were adopted (Table 1). The first M1 model in-
cludes the total value of teaching income in 2015,
while the second M2, the total value of teaching sub-
sidies and fees for educational services in 2015.

All data used in the study was obtained from the Min-
istry of Science and Higher Education based on the
application on access to public information, from
the Ministry of Science and Higher Education
(2015b) “Higher education — basic data”, reports on
the implementation of the material and financial plan
of individual universities. The choice of the research
period was dictated by the timeliness and availability
of data.

Table 1. Input and output adopted for testing the efficiency of teaching activity in empirical models
(Source: Own study)

. Model Model
Variable
Ml M2
X1 — number of academic teachers + +
X5 — the total value of teaching income + -
X3 — the total value of subsidies from the state budget and fees for educational N
services rendered
X4 — the value of fixed assets + +
Y — total number of graduates of 1st, 2nd degree and uniform Master's studies + +
Y> — the number of doctor's degrees awarded + +
Y3 — number of post-graduate certificates issued + +
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6 Results of empirical tests

Table 2 presents the synthetic characteristics of the re-
search sample in cross-section of seven diagnostic
variables included in the study. Based on the results
of two empirical models, the total efficiency of teach-
ing activity of individual universities was determined
and their rankings were created on that basis (Table
3).

Fully efficient universities in two EBM models were:
University of Warsaw (Ul), University of Gdansk
(U3), Jagiellonian University in Krakéw (U5), Uni-
versity of Lodz (U6), Nicolaus Copernicus University

(U11), University of Rzeszow (U12), University
of Wroctaw (U14), Cardinal Stefan Wyszynski Uni-
versity, in Warsaw (U15), AGH University of Science
and Technology in Krakow (U29), University of Eco-
nomics in Katowice (U37), University of Economics
in Krakow (U38), University of Economics in Poznan
(U39), Warsaw School of Economics (U40), Univer-
sity of Economics in Wroctaw (U41), Maria Grze-
gorzewska Academy Special Education in Warsaw
(U42) and the Christian Academy of Theology
in Warsaw (U59).

The lowest result was recorded for the Kielce Univer-
sity of Technology in Kielce (U26).

in Torun (U8), University of Silesia in Katowice

Table 2. Characteristics of the research sample according to variables included in EBM models
(Source: Own study)

Specification Xi X X3 X4 Y, Y- Y;
Minimum 57 8826 8610 1749 95 47 29
Average 1078 212563 188864 476987 4234 169 185
Maximum 3933 890193 737342 2452276 10823 330 559

Table 3. Ranking of universities in terms of the total efficiency of teaching activity
(Source: own study)

DMU Ml M2 | Difference DMU Ml M2 Difference

Result | Result |(M1-M2) Result Result (M1-M2)
Ul 1.00 1.00 0.00 U18 0.79 0.76 0.03
U3 1.00 1.00 0.00 u25 0.76 0.76 0.00
U5 1.00 1.00 0.00 U36 0.76 0.76 0.00
U6 1.00 1.00 0.00 U20 0.74 0.74 0.00
Us 1.00 1.00 0.00 uUs8 0.70 0.74 -0.04
Ull 1.00 1.00 0.00 U28 0.68 0.71 -0.03
Ul12 1.00 1.00 0.00 U46 0.68 0.66 0.02
ul4 1.00 1.00 0.00 uUs1 0.63 0.61 0.02
Ul1s 1.00 1.00 0.00 uUlé6 0.62 0.60 0.02
U29 1.00 1.00 0.00 us2 0.61 0.63 -0.02
u37 1.00 1.00 0.00 uUs3 0.60 0.60 0.00
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Table 3. Ranking of universities in terms of the total efficiency of teaching activity (cont.)
(Source: own study)

DMU Ml M2 | Difference DMU Ml M2 Difference
Result | Result | (M1-M2) Result Result (M1-M2)
uU3g 1.00 1.00 0.00 U34 0.56 0.57 -0.01
U39 1.00 1.00 0.00 U3l 0.53 0.53 0.00
u40 1.00 1.00 0.00 us7 0.53 0.56 -0.03
U41 1.00 1.00 0.00 u48 0.50 0.48 0.01
U42 1.00 1.00 0.00 U49 0.49 0.51 -0.02
uUs9 1.00 1.00 0.00 uso0 0.48 0.47 0.01
U44 0.98 0.98 0.00 U21 0.44 0.44 0.00
U4 0.96 0.96 0.00 u27 0.43 0.43 0.01
U2 0.92 0.93 -0.01 ul19 0.40 0.40 0.01
Us4 0.91 0.91 0.01 u43 0.40 0.38 0.02
u7 0.87 0.98 -0.11 U30 0.38 0.40 -0.02
U13 0.87 0.87 -0.01 Us6 0.38 0.36 0.01
ul10 0.86 0.89 -0.03 U45 0.33 0.33 0.00
u1l7 0.86 0.85 0.01 U23 0.32 0.31 0.01
u47 0.86 0.87 -0.01 u32 0.28 0.29 -0.01
u3s 0.82 0.86 -0.03 U26 0.20 0.21 -0.01
U24 | 0.80 | 080 0.00 Average 0.75 0.75 0.00
U3s | 0.80 | 0381 -0.01 Standard deviation 0.24 0.25 0.02
U9 0.79 0.80 -0.02
Note: Universities were ranked in terms of results for the M1 empirical model

It is worth noting that those universities that were
characterized by full efficiency (index 1.00) in the
field of teaching activity in the first empirical model
(M1) were also characterized by full efficiency in the
second model (M2).

Thus, universities that are efficient did not achieve
this result once and by accident, but in fact they re-
peatedly achieved the best results among the exam-
ined academic centers in the analyzed year.

The similarity of the results obtained was influenced
by a significant share (in %) of funds obtained in the
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form of budgetary subsidies and fees paid by part-time
students, in revenues from teaching activities (on av-
erage at the level of 87%). It is worth noting that some
public universities (i.e., the University of Warsaw and
the Jagiellonian University) owe their high total
teaching efficiency index also to their activity in ob-
taining additional sources of financing, that is, funds
from the budgets of local government units or their
associations, or fees collected from training partici-
pants, courses — Fig. 1.
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Figure 1. Value of funds other than budget subsidies and fees (thousand PLN) for educational services versus
the level of total teaching efficiency (M1) (Source: Own study)
Note: Y axis: Total revenues from teaching activity - (subsidies from the state budget + fees for educational
services rendered)

In the next step of the analysis, it was decided to check
whether there is a correlation between overall effec-
tiveness and the financial result of teaching activity.
The authors are aware that public universities are not
profit-oriented entities. However, making excessive
losses by universities (as part of their activity) is not
a positive phenomenon, either. The average financial
result of teaching activity (understood as the differ-
ence between general revenues and costs from this ac-
tivity) in 2015 for the analyzed group of universities
amounted to -7.9 thousand PLN.

The largest loss was incurred by the University of
Warsaw, while the largest profit was recorded by the
Jagiellonian University in Krakow. Interestingly, both
universities were fully efficient in the field of teaching
— Fig. 2.

Within individual types of universities, the highest,
average financial result was obtained by economic
schools (+2.7 thousand PLN), and the lowest by uni-
versities (-12.3 thousand PLN) — Fig. 2. Pearson’s
simple correlation coefficient calculated for the aver-

2 The classification according to Guilford (1956, p. 145) was
adopted: |r|=0 - no correlation; 0.0 <|r | < 0.2 - weak correlation;
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age total efficiency (M1 model) and the average fi-
nancial result from teaching activity for individual
types of universities was positive. However, the
strength of the relationship can be described as weak?
(r=10.248).

It should be noted that while in the case of the full-
time education process, only a part of universities suf-
fered a loss; in the case of part-time studies, the ma-
jority did — Fig. 3. This is probably due to the fact that
universities use imprecise methods of estimating
the cost of education (taking into account only em-
ployee labor costs, excluding non-personnel costs
such as the cost of using machinery, equipment, en-
ergy consumption).

It is worth noting that the largest loss on teaching ac-
tivity as part of part-time studies was incurred in 2015
by: University of Gdansk and the Warsaw University
of Life Sciences. Of course, it should be remembered
that there may be significant disparities between the
costs of student education also within individual uni-
versities, depending on the course of study.

0.2 <|r|<0.4 - low correlation; 0.4 <|r | < 0.7 - moderate corre-
lation; 0.7 <|r|<0.9 - high correlation; 0.9 <|r|<1.0 - very
high correlation; |r|=1 - full correlation.
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Note: Profit/Loss full-time studies = (subsidy from the state budget + fees for educational services provided
for full-time studies) - costs of education for full-time studies. Profit/Loss part-time studies = fees for educational
services provided for studies — costs of education for part-time studies.

7 Final remarks and conclusions

The following conclusions can be drawn from the re-
search on the total efficiency of teaching activity
of selected public universities in Poland.

First of all, the average difference between the results
obtained under two empirical models was 0.00, which
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means that the funds obtained, among others, from the
budgets of local government units or their associa-
tions have a small share in the total income from
teaching activity and have little impact on the effi-
ciency of the university.

Secondly, there is a positive but weak correlation be-
tween the total efficiency and the financial result



28 Fukasz BRZEZICK]I, Piotr PIETRZAK, Matgorzata CIECIORA

of universities from teaching activity. Thirdly, in most
of the analyzed schools, there was a loss from teach-
ing activity from part-time studies, which was proba-
bly caused by an incorrect estimation of unit costs
of education by universities.

It should be stressed here that the authors are aware
of the imperfections of the adopted assumptions and
the method used. The undertaken research concerned
only a selected group of public universities and was
ran for one year (they do not show the change in total
efficiency over time). In addition, the university as
a whole was adopted as the analytical unit. Within in-
dividual departments and even fields of study, there
may be significant differences, for example, in terms
of unit costs of education. Moreover, the research con-
centrated only on the quantitative aspect of teaching
activity.

Universities that have proved inefficient can be char-
acterized by a very high quality of the education pro-
cess, and their graduates may have a better position
on the labor market (higher salary, shorter time
to look for a job and lower risk of being unemployed).
It is necessary to conduct more comprehensive and in-
depth research in this area, including an attempt to es-
timate the total efficiency for individual faculties and
to supplement the set of diagnostic variables with
qualitative variables. For this purpose, data published
as part of the Polish Graduate Tracking System - ELA
seems to be helpful.

Another interesting research issue would be to use the
DEA method to measure allocation efficiency, not just
technical efficiency, as has been the case hitherto. It is
worth noting, however, that the authors’ query shows
that the research methodology presented in this article
is novel.

Firstly, various forms of teaching activities, including
post-graduate studies, were taken into account
in measuring efficiency.

Secondly, the EBM model (combining radial and non-
radial approaches) that was not previously used by
other researchers was used in the analyses. In conclu-
sion, despite the shortcomings of the methodology
adopted, the research results obtained by the authors
fill the knowledge gap in the field of the efficiency
of public universities.

Angeboten von ZBW - Deutsche Zentralbibliothek fiir Wirtschaftswissenschaften | Heruntergeladen 05.03.20 07:31 UTC

(2]

[7]

References

Brzezicki, L., 2016. Efektywnos$¢ procesu kszt-
alcenia w wyzszych szkotach zawodowych
w 2012 roku (Efficiency of the Education Process
in Higher Vocational Schools in 2012). Folia
Oeconomica, (323)4, pp.53-66.

Brzezicki, L., 2017. Efektywnos$¢ dziatalnos$ci dy-
daktycznej polskiego szkolnictwa wyzszego (Ef-
ficiency of Teaching Activity of Polish Higher
Education). Wiadomosci Statystyczne, (678)11,
pp.56-73.

Brzezicki, L., 2018. Zestawienie badan efektyw-
nosci 1 produktywnosci polskiego szkolnictwa
wyzszego prowadzonych za pomoca metody
DEA i indeksu Malmquista w latach 2005-2018
(Summary of Research on Efficiency and Produc-
tivity of Polish Higher Education Conducted
Using the DEA Method and the Malmquist Index
in 2005-2018). [online] Available at: https://www
.researchgate.net/publication/324156245 Zesta-
wienie_badan_efektywnosci_i_produktywnosci_
polskiego_szkolnictwa wyzszego prowadzony
ch za pomoca metody DEA i indeksu Malm
quista_w_latach 2005-2018. [Accessed 22 June
2019].

Brzezicki, L., Pietrzak, P., 2017. Efektywnos$¢
dwuetapowego procesu dydaktycznego w pu-
blicznych uczelniach technicznych (The Effi-
ciency of the Two-step Teaching Proces in Public
Technical Colleges). Studia
(XCII)2, pp.221-238.

Brzezicki, L., Pietrzak, P., 2018. Efektywnos$¢
i skutecznos$¢ studiow doktoranckich w publicz-

Ekonomiczne,

nym szkolnictwie wyzszym w Polsce (Efficiency
and Effectiveness of Doctoral Studies in Public
Higher Education in Poland). Gospodarka naro-
dowa, (294)2, pp.129-159.

Brzezicki, L., Predki, A., 2018. Zastosowanie me-
tod DEA, SFA oraz StoNED do pomiaru efek-
tywnosci publicznych szkét wyzszych (The Use
of DEA, SFA and StoNED Methods to Measure
the Efficiency of Public Universities). Wiadomo-
Sci Statystyczne, (684)5, pp.5-24.

Charnes, A., Cooper, W.W., Rhodes, E., 1978.
Measuring the Efficiency of Decision-making

Units. European Journal of Operational Re-
search, 2, pp.429-444.


https://www/

The Total Efficiency of Teaching Activity of Polish Higher Education Institutions 29

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Chodakowska, E., 2015. An Example of Network
DEA - Assessment of Operating Efficiency
of Universities. Metody ilosciowe w badaniach

ekonomicznych (Quantitative Methods in Econo-
mics), Vol. XVI, No.1, pp.75-84.

Cwiakala-Matys, A., 2010. Pomiar efektywnosci
procesu ksztalcenia w publicznym szkolnictwie
akademickim (Measuring the Efficiency of the
Education Process in Public Academic Educa-
tion). Wroclaw: Wydawnictwo Uniwersytetu
Wroctawskiego.

Flegg, A.T, Allen D.O, Field K., Thurlow T.W.,
2003. Measuring the Efficiency and Productivity
of British Universities: An Application of DEA
and the Malmquist Approach. School of Econom-
ics, University of the West of England, Bristol.

Flégl, M., Ticha, 1., Stanislavska L.K., 2013. In-
novation of doctoral studies at the FEM CULS
Prague. Journal on Efficiency and Responsibility

in Education and Science, Vol. 6, Issue 4, pp.265-
280.

Guilford, J.P.,
in Psychology and Education.
McGraw-Hill.

Johnes, G., Tone, K., 2017. The Efficiency
of Higher Education Institutions in England Re-

1956. Fundamental Statistics
New York:

visited: Comparing Alternative Measures. Ter-
tiary Education and Management. Vol. 23, No. 3,
pp-191-205.

Johnes, J., 2006. Data Envelopment Analysis and
its Application to the Measurement of Efficiency
in Higher Education. Economics of Education
Review, Vol. 25, Issue 3, pp.273-288.

Kozun-Cieslak, G., 2011. Wykorzystanie metody
DEA do oceny efektywnos$ci w ustugach sektora
publicznego (The Use of the DEA Method to As-
sess Efficiency in Public Sector Services). Wiado-
mosci Statystyczne, No. 3(598), pp.14-42.

MikuSova, P., 2015. An Application of DEA
Methodology in Efficiency Measurement of the
Czech Public Universities. Procedia Economics
and Finance, 25, pp.569-578.

MNiSW (Ministry of Science and Higher Educa-
tion), 2009. Zatozenia do nowelizacji ustawy —
Prawo o szkolnictwie wyzszym oraz ustawy
o stopniach naukowych i tytule naukowym oraz

Angeboten von ZBW - Deutsche Zentralbibliothek fiir Wirtschaftswissenschaften | Heruntergeladen 05.03.20 07:31 UTC

[18]

[19]

[20]

[21]

[22]

[23]

[24]

o stopniach i tytule w zakresie sztuki (Assump-
tions for the Amendment to the Act - Higher Edu-
cation Law and the Law on Academic Degrees
and Title and Degrees and Title in the Arts),
[online] Available at http://www.bip.nauka.
gov.pl/g2/oryginal/2013 _05/a77439f526899374¢
5924d6156f35dc3.pdf [Accessed 22 June 2019 ].

MNiSW (Ministry of Science and Higher Educa-
tion), 2015a. Program rozwoju szkolnictwa
wyzszego i nauki na lata 2015-2030 (Higher Ed-
ucation and Science Development Program for
2015-2030), [online] Available at https://www.
researchgate.net/publication/282863764 PROG
RAM _ROZWOJU_SZKOLNICTWA WYZSZ
EGO_I NAUKI NA LATA 2015 - 2030.
[Accessed 22 June 2018].

MNIiSW (Ministry of Science and Higher Educa-
tion), 2015b. Szkoly wyzsze - dane podstawowe
(Higher Schools — Basic Data). Warszawa.

Nazarko, J., gaparauskas, J., 2014. Application
of DEA Method in Efficiency Evaluation of Pub-
lic Higher Education Institutions. Technological
and Economic Development of Economy, Vol. 20,
No. 1, pp.25-44.

Nucinska, J., 2017. Uwarunkowania pomiaru
efektywno$ci finansowania edukacji — zarys
problem (Determinants of Measuring the Effec-
tiveness of Financing Education - an Outline
of the Problem). Progress in Economic Sciences,
No. 4, pp.103-117.

Parteka, A., Wolszczak-Derlacz, J., 2013. Dy-
namics of Productivity in Higher Education:
Cross-European Evidence Based on Bootstrapped
Malmquist Indices. Journal of Productivity Ana-
lysis, Vol. 40, Issue 3, pp.67-82.

Pietrzak, P., 2016a. Efektywnos$¢ wydzialow
nauk przyrodniczych i rolniczych a poziom ich fi-
nansowania publicznego (Efficiency of Faculties
of Natural and Agricultural Sciences and the
Level of their Public Financing). Zarzgdzanie
Publiczne, (36)4, pp.289-302.

Pietrzak, P., 2016b. Zastosowanie metody DEA
do badania efektywnos$ci wydzialow nauk
inzynieryjnych i technicznych (Application of the
DEA Method for Testing the Efficiency of Engi-
neering and Technical Faculties). Studia i Prace

WNEIZ US, (44)2, pp.267-280.


http://www.bip.nauka.gov.pl/g2/oryginal
http://www.bip.nauka.gov.pl/g2/oryginal
https://www.researchgate.net/publication/28286
https://www.researchgate.net/publication/28286

30

Fukasz BRZEZICK]I, Piotr PIETRZAK, Matgorzata CIECIORA

[25]

[26]

[27]

Pietrzak, P., Baran, J., 2017. Application of the
Malmquist Productivity Index to Examine Chan-
ges in the Efficiency of Humanities Faculties.
Acta Scientarium Polonorum. Oeconomia, (16)3,

pp.43-52.

Pietrzak, P., Brzezicki, L., 2017. Wykorzystanie
sieciowego modelu DEA do pomiaru efekty-
wnosci wydzialow Politechniki Warszawskiej
(The Use of the DEA Network Model to Measure
the Efficiency of the Faculties of Warsaw Univer-
sity of Technology). Edukacja, (142)3, pp.83-93.

Szuwarzynski, A., 2005. Pomiar efektywnosci
procesu ksztatcenia w uczelni wyzszej (Measu-
ring the Efficiency of the Education Process
at the University). In: K. Leja, A. Szuwarzynski
ed., 2005. Zarzgdzanie wiedzqg w organizacjach
niekomercyjnych (Knowledge Management in
Non-commercial Organizations). Gdansk: Wy-
dziat Zarzadzania i Ekonomii Politechniki Gdan-
skiej, pp.9-27.

Angeboten von ZBW - Deutsche Zentralbibliothek fiir Wirtschaftswissenschaften | Heruntergeladen 05.03.20 07:31 UTC

[28]

[29]

[30]

[31]

Tone, K., 2001. A Slacks Based Measure of Effi-
ciency in data Envelopment Analysis. European
Journal of Operational Research, (130)3, pp.498-
509.

Tone, K., Tsutsui, M., 2010. An Epsilon-Based
Measure of Efficiency in DEA — A Third Pole
of Technical Efficiency. European Journal of
Operational Research, 207, pp.1554-1563.

Visbal-Cadavid D, Martinez-Gémez, M., Gui-
jarro F., 2017. Assessing the Efficiency of Public
Universities through DEA. A Case Study. Sus-
tainability, (9)8, pp.1-19.

Wolszczak-Derlacz, J., 2013. Efektywnosé¢ nau-
kowa, dydaktyczna i wdrozeniowa publicznych
szkol wyzszych w Polsce — analiza nieparame-
tryczna (Research, Teaching and Implementation
Efficiency of Public Universities in Poland).
Gdansk: Wydawnictwo Politechniki Gdanskie;.



