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Abstract

Purpose: The aim of this paper is to analyze overall technical efficiency (OTE), pure technical efficiency 
(PTE) and scale efficiency (SE) of both life and non-life insurance sectors in three Central and Eastern Eu-
ropean countries (CEE), i.e. Croatia, Hungary and Poland, in 2018. 

Methodology: The efficiency of insurance sectors is estimated by applying data envelopment analysis 
(DEA), while a one-way analysis of variance (ANOVA) is performed to find out whether there exists any 
statistically significant difference between the estimated levels of the efficiency of non-life and life insurance 
sectors in the observed CEE countries.

Results: Out of 34 non-life Polish insurers, only two (6%) were overall technically efficient, while the 
remaining 32 were inefficient. Croatia and Hungary achieved better results with three (20%) and seven 
(43.7%) efficient insurers, respectively. However, when observing the life insurance segment, half of the 
Croatian life insurers were efficient according to the CCR model, while six (23%) Polish and three (23%) 
Hungarian efficient insurers were recorded.

Conclusion: Research reveals that the Hungarian non-life insurers are the most efficient ones in terms of 
OTE, PTE and SE. They are followed by the Croatian insurers, leaving the Polish insurers behind. Regard-
ing the life insurance sector, the domination of the Croatian insurers is recorded, while the Hungarian ones 
were found to be the least efficient. Moreover, inefficiency in both life and non-life sectors (except for the 
Hungarian life sector) is more related to scale than to managerial inefficiency. Finally, ANOVAs and Tukey 
post hoc tests revealed a statistically significant difference among considered groups of insurers. 

Keywords: Efficiency, insurance sector, DEA, Central and Eastern European countries
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1. Introduction

After joining the European Union (EU) in 2004 and 
2013, the insurance markets in Poland, Hungary 
and Croatia encountered a dynamic business en-
vironment, which is primarily reflected in a more 
competitive single European market. The idea of 
a “single European passport” enabled insurers to 
conduct insurance activities throughout the EU as 
long as they obtained a license from a regulatory 
body in one EU country. As suggested by Fenn et 
al. (2008), the assumption underlying the creation 
of a single market is that a greater level of compe-
tition across national frontiers will decrease costs 
through reduced X-inefficiency, while mergers and 
acquisitions will additionally cut costs as a result of 
scale economies. 

Despite these changes, sometimes challenged by 
insurance companies in these relatively new EU 
members, there has been no comparative research 
regarding the obtained efficiency levels in these 
countries. Specifically, most cross-country effi-
ciency studies relating to the insurance sector focus 
on a group of developed European countries (e.g. 
Diacon et al., 2002; Fenn et al., 2008) or the USA 
(e.g. Cummins & Xie, 2008; Weiss & Choi, 2008). 
However, papers dealing with Central and East-
ern European countries with developing insurance 
markets are rather scarce. In order to fill this gap, 
the authors performed efficiency analysis of three 
selected countries (Croatia, Poland and Hungary) 
as they share certain mutual characteristics. Pre-
cisely, Croatia, Poland and Hungary are Central 
and Eastern European countries (CEECs) that are 
relatively new EU member states. These countries 
have undergone a similar and rather dynamic path 
from being centrally managed economies with 
poorly developed insurance markets dominated 
by single state-owned insurance companies, to the 
transition to a market economy as well as undergo-
ing challenging regulatory framework changes with 
the aim of joining the EU. Moreover, the level of the 
development of their insurance markets, measured 
by insurance density (i.e. €324, €366 and €326) and 
penetration (i.e. 2.6%, 2.8% and 2.4%) in 2018 for 
Croatia, Poland and Hungary, respectively (Insur-
ance Europe, 2020), shows considerable similarity, 
confirming the fact that these countries form an 
adequate sample for analysis. 

Keeping the above in mind, the aim of this paper 
is to analyze (and compare) how efficient Croa-

tian, Hungarian and Polish life and non-life insur-
ance sectors were in 2018. Regarding Croatian and 
Hungarian insurance markets, the analysis is done 
on the sample of life, non-life as well as composite 
insurance companies whose operations are sepa-
rated into life and non-life insurance sectors, while 
the Polish insurance market exclusively comprises 
companies conducting life or non-life insurance ac-
tivities. This paper contributes to the existing litera-
ture due to the fact that research on cross-country 
overall technical efficiency, pure technical efficien-
cy and scale efficiency in the insurance sectors of 
developing economies is quite scarce. Furthermore, 
DEA enables identification of efficient insurers 
within each country and benchmarking against the 
best of them. In addition, a comparison of the levels 
of efficiency in all three developing insurance mar-
kets is provided, thus enabling this paper to further 
add to scientific thought.

The paper is organized as follows. After the intro-
ductory section explaining the rationale for con-
ducting such an analysis, the next section provides 
an overview of the existing literature. The method-
ology used, as well as inputs and outputs employed 
in the analysis, are described in the third section. 
The fourth section presents the obtained results, 
while the final section offers a conclusion.

2. Overview of the existing literature

The initial studies in the field of the efficiency of in-
surance companies were performed at the country 
level, and researchers later expanded their analysis 
by comparing the efficiency of insurance companies 
in different countries. A cross-country comparison 
started with Weiss’s study (1991), while the studies 
that followed expanded the sample of countries by 
including insurers operating in OECD countries 
(Donni & Fecher, 1997). In general, the findings of 
these studies showed significant differences in in-
surers’ efficiency in the analyzed countries. Follow-
ing deregulation of insurance markets in the EU in 
1994 and industry consolidation, research focused 
on a comparative analysis of insurance companies 
operating in the EU member states. Diacon et al. 
(2002) studied the efficiency of 450 insurers from 
15 European countries and found that insurers 
operating in the United Kingdom, Spain, Sweden 
and Denmark achieved the highest average techni-
cal efficiency score. On the other hand, insurance 
companies in the United Kingdom had low levels 



Pervan, M. et al.: A comparative analysis of the efficiency of life and non-life sectors in selected CEE countries

281Vol. 34, No. 2 (2021), pp. 279-290

of scale and allocative efficiency. Fenn et al. (2008) 
researched the efficiency of life, non-life and com-
posite insurers in 14 European countries cover-
ing the period from 1995 to 2001. Most insurance 
companies operated at increasing returns to scale. 
Larger insurance companies and those with a high 
market share were characterized by a lower level of 
cost efficiency. Eling and Luhnen (2010) analyzed 
the efficiency of 6,462 life and non-life insurance 
companies operating in 36 countries during the pe-
riod 2002-2006. The authors analyzed the efficiency 
of insurance companies from different aspects (or-
ganizational form, company size, number of lines of 
business, different methodologies) and discovered 
significant differences in efficiency scores among 
insurance companies operating in developed and 
emerging countries, implying the potential for effi-
ciency improvement in the latter. In comparison to 
former studies that were mainly focused on devel-
oped countries, with some exceptions encompass-
ing both developed and undeveloped insurance 
markets, Biener and Eling (2011) studied the effi-
ciency of 20 microinsurance programs in emerging 
countries (Africa, Asia, and Latin America) in the 
period from 2004 to 2008. They found substantial 
diversity among the programs, indicating improve-
ment potential. Additionally, Huang and Eling 
(2013) analyzed the efficiency of non-life insurers 
in BRIC countries in the period from 2000 to 2008. 
They found an important effect of country-specific 
environmental factors on the insurers’ efficiency. 
The most efficient non-life insurance sector was 
the Brazilian one, while Indian non-life insurers 
operated at the lowest level of efficiency. Škrinjarić 
(2017) analyzed the efficiency of insurance indus-
tries in 29 European countries in the period from 
2004 to 2013. The study showed that there were sig-
nificant differences between the five most efficient 
and the five most inefficient insurance industries. 
Slovenia, Slovakia and Poland were among the in-
surance industries from CEEC that had an efficien-
cy index equal to 1 in some years in the analyzed 
period. On the other hand, the Croatian insurance 
industry was among the five most inefficient insur-
ance sectors in Europe. Analyzing the relationship 
between competition and soundness in 10 Europe-
an life insurance industries, Cummins et al. (2017) 
found that efficiency is a channel for the influence of 
competition on soundness. While some of the less 
developed European insurance markets have been 
included in the sample of the studies that combine 
both less developed and developed markets, studies 

of the efficiency of insurance companies in the less 
developed markets have mostly been performed for 
a specific country. These works refer to the efficien-
cy of insurance companies in Poland (Kozak, 2010; 
Kozak, 2018), Croatia (Jurčević & Mihelja Žaja, 
2013), North Macedonia (Mijackova, 2015), Serbia 
(Mandić et al., 2017; Lukić et al., 2018) and Slova-
kia (Grmanová & Strunz, 2017). To the best of the 
authors’ knowledge, there are only two studies that 
compare the efficiency of insurers operating in CEE 
countries. Medved and Kavčič (2012) compared the 
efficiency of 24 life and non-life insurers in Croa-
tia and 15 insurance companies in Slovenia in the 
period 2006-2010. The results confirmed that the 
Slovenian insurance industry had a higher cost and 
technical efficiency in comparison to the Croatian 
insurance industry. The second study compared 
the efficiency of 17 insurance companies from the 
Czech Republic and 26 insurers from Poland for life 
insurance in the period 2013-2015 (Grmanová & 
Pukala, 2018). The share of efficient insurers in both 
countries was almost equal. The average efficiency 
of Polish companies was higher, while the variabili-
ty in their efficiency was lower in comparison to the 
Czech insurers. Taking into consideration that fact 
that little research has been conducted at the cross-
country level among Central and Eastern European 
countries, as well as the lack of any study of the ef-
ficiency of Hungarian insurance companies (they 
were only part of the sample of one cross-country 
analysis (Škrinjarić, 2017)), this research focuses on 
a comparative analysis of life and non-life insurers 
operating in Croatia, Hungary and Poland.

3. Methodology and description of inputs and 
outputs

Due to the nature of research, the authors applied 
Data Envelopment Analysis (DEA) as it utilizes a 
linear programming model that is based on mul-
tiple inputs and outputs and creates a single effi-
ciency score for each decision making unit (DMU), 
which is in this analysis represented by an insurer. 
After the seminal work of Charnes et al. (1978), in 
which the BBC model (based on constant returns to 
scale) was presented, Banker et al. (1984) developed 
a more flexible model allowing for variable returns 
to scale. Since the aim of this research is to explore 
overall technical efficiency (OTE), pure technical 
efficiency (PTE) and scale efficiency (SE) of insurers 
operating in selected CEE countries, both of these 
models were used. As most insurer efficiency analy-
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ses are input-oriented (Cummins & Weiss, 2013), 
we opted for input orientation. The description and 
reasoning for the selection of inputs and outputs 
used in this research is provided in what follows. 

Since the sample encompasses insurance compa-
nies, it is necessary to identify services performed 
by insurers. In doing so, the generally accepted 
value-added approach is employed, categorizing 
insurance services into risk-pooling/bearing ser-
vices, intermediation and financial services (e.g. 
Biener & Eling, 2011; Cummins & Weiss, 2013). 
Due to being risk-averse, policyholders are ready 
to pay an insurance premium in exchange for po-
tential loss and, according to Cummins and Weiss 
(2013), a premium paid in addition to the expected 
loss is the value added by risk-pooling/-bearing. 
Therefore, as a proxy for risk-pooling/-bearing ser-
vices we use net earned premiums as the first out-
put in efficiency analysis, following Huang and El-
ing (2013). In order to proxy for an intermediation 
function performed by insurers, total investments 
are used as a second output. As stated by Cummins 
and Weiss (2013), insurers issue insurance policies 
and invest the funds collected in the form of premi-
ums into different types of assets until the risk in-
sured occurs or until they become due. This is also 
done by e.g. Biener and Eling (2011), and Huang et 
al. (2016). In addition to risk-pooling/-bearing ser-
vices and the intermediation function performed 
by insurers, the financial service function is not 
encompassed by the analysis with a separate out-
put due to the fact that premium income and total 
investments are too largely associated with the fi-
nancial service function. Regarding the choice of 
inputs, we employ labor, business services and debt 
capital. Following the approach of Eling and Luh-
nen (2010), Biener and Eling (2012) and Biener et 
al. (2016), we observed labor and business services 
as a single input represented by operating expenses. 
This is often done to reduce the number of param-
eters or due to data unavailability. The rationale for 
such an approach can be found in the fact that op-
erating expenses, i.e. the costs of insurance activ-
ity, consist of acquisition costs and administrative 
expenses, with commissions having a major share 
in acquisition costs. Specifically, acquisition costs 
comprise commissions, other acquisition costs 
and changes in deferred acquisition costs, while 
administrative expenses comprise depreciation of 
fixed assets, employee salaries and other admin-
istrative expenses. In this way, insurers’ internal 

employees, i.e. home office labor and outsourced 
salesforce, are taken into account. Total technical 
provisions are also used as an input of an insurer 
and this is in accordance with Fenn et al. (2008). 
The total technical provisions comprise provi-
sions for unearned premiums, provisions for bo-
nuses and rebates, provisions for claims outstand-
ing, mathematical provisions, special provisions, 
equalization provisions and other accounting tech-
nical provisions. Furthermore, we included special 
provisions formed by insurers pursuing life insur-
ance business when the investment risk is borne by 
the policyholders. In Berger et al. (1997), this input 
is denoted as debt capital since it mainly contains 
funds borrowed from policyholders or, as stated by 
Huang and Eling (2013), insurance companies col-
lect debt capital by issuing insurance policies to the 
insured and then “intermediate” these funds into 
invested assets. 

Data on inputs and outputs used in this study are 
taken from various sources. Precisely, inputs and 
outputs relating to the Croatian insurance sector 
were retrieved from insurers’ annual reports avail-
able on their web pages or from the Annual Finan-
cial Statements Registry administered by the Croa-
tian Financial Agency (FINA) (2020). Furthermore, 
data on selected inputs and outputs referring to the 
Polish insurance market are obtained from annual 
reports entitled Statistics, available through the 
Polish Chamber of Insurance (PIU) (2020). Finally, 
data on operating expenses, technical provisions, 
earned premiums and investments registered by 
Hungarian insurers are retrieved from the Golden 
Book of Magyar Nemzeti Bank (MNB) – the Hun-
garian Central Bank (2020) comprising key finan-
cial data on insurers.

4. Empirical results and discussion

Descriptive statistics of inputs and outputs that 
most adequately describe the true nature of (non)
life insurance business are presented in Table 1. As 
expected, the average amount of net earned premi-
ums achieved in the non-life sector is higher than 
the one obtained in the life sector. However, this 
difference is not too large (approximately 7%), sug-
gesting that the latter should soon catch up with the 
more developed non-life sector.
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The correlation analysis results are presented in 
Table 2. All inputs and outputs show a strong cor-
relation as their values range from 0.897 to 0.991. 
Moreover, all correlation coefficients are statisti-
cally significant at the level of 0.01. What is most 
important is that all of the correlation coefficients 
between the inputs and the outputs are positive, in-

dicating that they change in the same direction, i.e. 
when inputs increase, the outputs increase as well, 
which means that the data satisfy isotonicity (Wang 
et al., 2015). Hence we can proceed with the appli-
cation of the DEA technique. All efficiency scores 
were calculated by means of Performance Improve-
ment Management Software (PIM-DEA).

Table 1 Descriptive statistics of inputs and outputs for non-life and life insurers

Non-life

N Minimum Maximum Mean Std. Deviation

OPER.EXP. 65 210,101 702,362,040 44,449,625 102,824,865

TECH.PROV. 65 908,874 5,265,540,310 276,709,687 741,345,936

N.P. 65 131,337 2,837,023,266 143,683,498 400,213,378

INV. 65 4,314,769 8,773,845,523 329,797,587 1,128,977,606

Life

N Minimum Maximum Mean Std. Deviation

OPER.EXP. 51 298,029 270,794,903 30,471,419 43,214,895

TECH.PROV. 51 1,529,088 5,241,416,815 526,625,066 863,592,218

N.P. 51 100,587 1,941,534,479 134,077,723 277,245,590

INV. 51 5,727,897 6,302,423,169 516,077,748 1,015,638,807

Note: Values of all inputs and outputs are presented in euros (exchange rates used to convert a national currency into 
euros were taken from EUROSTAT (2020) for 2018 as the analysis was performed for this year). 
Source: Authors’ calculation

Table 2 Correlation analysis for the non-life and life insurance companies

Non-life Life

OPER. EXP. TECH. PROV. N.P. INV. OPER.EXP. TECH. PROV. N.P. INV.

OPER. EXP. 1 1

TECH. PROV. .980** 1 .897**

N.P. .991** .990** 1 .912** .935** 1

INV. .951** .974** .972** 1 .902** .982** .938** 1

** Correlation is significant at the 0.01 level (2-tailed). 
Source: Authors’ calculation 

4.1 Efficiency analysis of the non-life insurance sector

The efficiency scores for the non-life insurance 
sector are presented in Table 3. According to the 
realized level of the overall efficiency score (OTE), 
as obtained by the CCR model, the lowest effi-
ciency score was recorded in Poland (46.9%), sug-
gesting that, on average, insurers operating in the 
non-life sector can reduce their inputs by 53.1% in 
order to become efficient and achieve the efficien-

cy frontier. It is also interesting to note that this 
country has the smallest number of efficient insur-
ers. Specifically, out of 34 non-life insurers, only 
two (6%) were overall technically efficient (i.e. with 
the recorded efficiency of 100%), while all other re-
maining insurers were inefficient. The situation is 
better for Croatia and Hungary, where three (20%) 
and seven (43.7%) insurers were efficient. In these 
countries, the average overall efficiency scores 
amounted to 64.8% and 82.8%, respectively.



Pervan, M. et al.: A comparative analysis of the efficiency of life and non-life sectors in selected CEE countries

284 Vol. 34, No. 2 (2021), pp. 279-290

Ta
bl

e 
3 

Effi
ci

en
cy

 sc
or

es
 fo

r n
on

-l
ife

 in
su

re
rs

B
C

C
C

ro
at

ia
H

un
ga

ry
Po

la
nd

Po
la

nd
 (c

on
tin

ue
d)

D
M

U
C

C
R

B
C

C
SE

D
M

U
C

C
R

B
C

C
SE

D
M

U
C

C
R

B
C

C
SE

D
M

U
C

C
R

B
C

C
SE

D
M

U
1

76
.5

8
10

0
76

.5
8

D
M

U
1

10
0

10
0

10
0

D
M

U
27

25
.1

4
10

0
25

.1
4

D
M

U
44

64
.0

2
68

.8
3

93
.0

1

D
M

U
2

10
0

10
0

10
0

D
M

U
2

66
.8

5
10

0
66

.8
5

D
M

U
28

26
.0

4
84

.9
3

22
.1

1
D

M
U

45
19

.1
7

19
.5

8
97

.9
2

D
M

U
3

57
.5

9
10

0
57

.5
9

D
M

U
3

10
0

10
0

10
0

D
M

U
29

27
.1

4
98

.6
4

26
.7

7
D

M
U

46
91

.6
5

10
0

91
.6

5

D
M

U
4

84
.1

4
10

0
84

.1
4

D
M

U
5

10
0

10
0

10
0

D
M

U
30

35
.2

2
98

.0
5

34
.5

4
D

M
U

47
32

.6
44

.9
4

72
.5

4

D
M

U
5

48
.3

9
75

.1
4

64
.4

D
M

U
7

10
0

10
0

10
0

D
M

U
31

32
.8

9
75

.3
6

24
.7

9
D

M
U

48
26

.3
4

51
.3

51
.3

6

D
M

U
7

74
.6

3
10

0
74

.6
3

D
M

U
8

69
.1

7
10

0
69

.1
7

D
M

U
32

68
.9

5
60

.7
3

41
.8

7
D

M
U

49
58

.7
9

74
.1

1
79

.3
2

D
M

U
8

49
.3

2
83

.5
1

59
.0

5
D

M
U

9
96

.0
8

99
.9

96
.1

8
D

M
U

33
10

0
10

0
10

0
D

M
U

50
36

.9
2

73
.7

7
50

.0
5

D
M

U
9

10
0

10
0

10
0

D
M

U
11

85
.3

7
95

.1
89

.7
6

D
M

U
34

72
.3

6
41

.2
3

29
.8

3
D

M
U

51
49

.5
9

10
0

49
.5

9

D
M

U
10

63
.8

5
94

.8
1

67
.3

5
D

M
U

12
77

.1
1

94
.8

9
81

.2
5

D
M

U
35

30
.4

4
94

.4
8

28
.7

6
D

M
U

52
10

0
10

0
10

0

D
M

U
21

10
0

10
0

10
0

D
M

U
13

69
.7

2
73

.3
3

95
.0

8
D

M
U

36
84

.5
9

35
.5

4
30

.0
6

D
M

U
53

25
.6

6
71

36
.1

5

D
M

U
12

40
.7

3
45

.0
5

90
.4

D
M

U
14

61
.4

1
89

.7
4

68
.4

4
D

M
U

37
34

.1
1

79
.6

3
27

.1
6

D
M

U
54

27
.2

5
78

.3
1

34
.8

D
M

U
13

55
.2

3
80

.9
2

68
.2

6
D

M
U

16
10

0
10

0
10

0
D

M
U

38
47

.0
9

96
.5

9
45

.4
8

D
M

U
55

65
.0

7
65

.9
7

98
.6

4

D
M

U
15

50
.1

6
91

.0
5

55
.0

8
D

M
U

18
72

.8
2

74
.1

1
98

.2
7

D
M

U
39

36
.1

3
59

.3
1

21
.4

3
D

M
U

56
52

.0
5

10
0

52
.0

5

D
M

U
16

50
.6

57
.7

6
87

.6
D

M
U

19
10

0
10

0
10

0
D

M
U

40
55

.9
2

39
.0

8
21

.8
6

D
M

U
57

20
.5

3
29

.9
9

68
.4

4

D
M

U
17

69
.8

6
79

.0
6

88
.3

6
D

M
U

20
93

.3
2

96
.4

9
96

.7
1

D
M

U
41

40
79

.0
6

31
.6

3
D

M
U

58
27

.3
4

70
.4

2
38

.8
3

D
M

U
21

10
0

10
0

10
0

D
M

U
42

59
.6

8
97

.2
58

.0
1

D
M

U
59

33
.5

8
10

0
33

.5
8

D
M

U
43

55
.1

8
10

0
55

.1
8

D
M

U
60

45
.0

4
45

.1
8

99
.6

8

A
ve

ra
ge

64
.7

6
82

.6
4

74
.2

8
-

82
.8

1
90

.5
6

86
.9

2
(c

on
tin

ue
d 

in
 co

lu
m

ns
 o

n 
th

e r
ig

ht
)

-
46

.8
7

73
.3

5
51

.6
1

N
o.

 o
f e

ff.
 

in
s.

3 (2
0%

)
7 

(4
6.

7%
)

3 
(2

0%
)

-
7 

(4
4%

)
9 

(5
6%

)
7 

(4
4%

)
-

2 
(6

%
)

8 (2
4%

)
2 

(6
%

)

So
ur

ce
: A

ut
ho

rs
’ c

al
cu

la
tio

ns



Pervan, M. et al.: A comparative analysis of the efficiency of life and non-life sectors in selected CEE countries

285Vol. 34, No. 2 (2021), pp. 279-290

From the aspect of pure technical efficiency (PTE) 
obtained by the BCC model, it can be stated that the 
level of efficiency obtained for each country is high-
er (when compared to the OTE scores), as a larger 
number of non-life insurers form an efficiency fron-
tier. Efficient insurers represent a “reference set” or 
benchmarks that are recognized by inefficient in-
surers as those with good operating practices which 
they need to reach. For example, reference sets for 
the inefficient Hungarian non-life insurer marked 
as DMU2 are DMU7, DMU19 and DMU21, mean-
ing that for DMU2 to be efficient, it should use a 
combination of DMU7, DMU19 and DMU21 (due 
to space limitations, a supporting table is not pre-
sented here). A corresponding reference set is cre-
ated for each inefficient insurer. In this way, every 
inefficient insurer can evaluate various aspects and 
segments of its own process of the transformation 
of inputs into outputs and relate it to the best op-
erating practice in order to develop adequate plans 
regarding kinds of improvements that are needed 
and how these improvements can be made in or-
der to become efficient (since this kind of analysis is 
beyond the scope of this research, we will now turn 
back to the elaboration and interpretation of pure 
technical efficiency). Given the scale size, pure tech-
nical efficiency scores for Poland, Croatia and Hun-
gary are 73.35%, 82.64% and 90.56%, respectively. 
These values point to a segment of OTE which can 
be attributed to the efficient transformation of in-
puts into outputs. Also, according to the results, the 
number of pure technically efficient non-life insur-
ance companies is eight (23.5%) for Poland, seven 
(46.7%) for Croatia and nine (56.3%) for Hungary. 
Again, according to the average value of pure tech-
nical efficiency and the number of efficient insur-
ers, Hungarian insurance companies seem to be the 
most efficient ones, followed by Croatian and then 
Polish insurers. Finally, aiming to analyze whether 
the inefficiency of non-life insurers was due to their 

size or their inefficient production operation, scale 
efficiency (SE) was calculated by dividing the effi-
ciency scores accomplished by the application of 
the CCR model by those gained by the BCC model, 
as proposed by Cooper et al. (2007) and later im-
plemented by Cummins and Xie (2012), Micajkova 
(2015) and many others. The average values of scale 
efficiency for the analyzed insurers operating in 
CEE countries were 51.61%, 74.28% and 86.62% for 
Poland, Croatia and Hungary, respectively, suggest-
ing that 48.39%, 25.72% and 13.38% inefficiency oc-
curred because of the deviation of the current scale 
of production from the most productive scale size, 
as indicated by Ismail et al. (2011). The analysis also 
revealed that the overall technical inefficiency of the 
non-life insurers marked as DMU1, DMU3, DMU4 
and DMU7 for Croatia; DMU2 and DMU8 for 
Hungary; and DMU27, DMU43, DMU46, DMU51, 
DMU56 and DMU59 for Poland, was entirely due 
to scale inefficiency. Likewise, the number of scale 
efficient insurers, i.e. insurers that recorded a scale 
efficiency score of 100% (meaning they were oper-
ating at the optimal size while using their particular 
input-output combination), is 2 (6%), 3 (20%) and 
7 (44%) for Poland, Croatia and Hungary, respec-
tively. As for the remaining non-life insurers, SE 
scores were less than 100%; thus they were scale 
inefficient. To sum up, according to the efficiency 
scores presented here, Hungarian non-life insurers 
are the most efficient ones, while insurers operat-
ing in Poland are the most inefficient ones. The ef-
ficiency of Croatian non-life insurers lies between 
the two. A more detailed analysis showed that al-
though, on average, similar levels of inputs were 
used by the Croatian and Hungarian insurers, the 
latter succeeded to generate twice the amount of 
net earned premiums. On the other hand, technical 
provisions recorded in Poland were five times larger 
than those in the other two countries.
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4.2 Efficiency analysis of the life insurance sector

The results of the efficiency analysis performed on 
life insurers can be found in Table 4. It is notice-
able that all efficiency scores, i.e. OTE, PTE and SE 
for Croatia and Poland, are much higher in the life 
insurance sector than in the non-life sector. The op-
posite is true for Hungary, for which the life-sector 
recorded smaller efficiency values than the non-life 
sector. A more detailed analysis of each country in-
dicates that according to the number of efficient life 
insurance companies, Croatia is the leading coun-
try, as half of the life insurers are efficient accord-
ing to the CCR model, and more than 80% of the 
insurers are efficient according to the BCC model. 
Croatia is followed by Poland with 23% and 46% of 
efficient insurers and then Hungary with 23% and 
38% of efficient insurers, depending on whether 
the CCR or BCC is applied. The same order of the 
countries is repeated once again when the average 
values of overall technical efficiency, pure technical 
efficiency and scale efficiency are observed. Specifi-
cally, according to the average values of OTE, PTE 
and SE, life insurers operating in Croatia are most 
efficient (with efficiency scores of 89%, 92% and 
91%), followed by Poland (with efficiency scores of 
79%, 90% and 84%), while leaving Hungary behind 
(with efficiency scores of 62%, 75% and 77%). 

It is worth mentioning that the scale efficiency 
scores are lower than the pure technical efficiency 
scores in all countries in both life and non-life sec-
tors (the only exception is the Hungarian life sec-
tor), implying that the main source of insurers inef-
ficiency is more related to scale inefficiency than to 
the managerial inefficiency. This further indicates 
that an increase in pure technical efficiency can be 
realized through an increase in the scale of opera-
tion in the insurance industry (the size of insurers), 
as noted by Karbhari et al. (2018). Thus, in order to 
increase scale operation, insurers might become in-
volved in M&A activities. As regards the individual 
studies conducted earlier on the insurance industry 
in the analyzed three CEE countries, it can be stat-
ed that the none of the obtained efficiency scores 
from either of the two previous studies carried out 

in Croatia (Medved & Kavčič, 2012; Jurčević & Mi-
helja Žaja, 2013) can be directly compared with the 
efficiency scores obtained in the present research, 
as neither of earlier studies separately analyzed the 
non-life and the life insurance sector. Moreover, in 
both studies, the last year that was analyzed was 
2010, while in this research analysis is performed 
for 2018. Still, we will mention that OTE and SE 
achieved by Medved and Kavčič (2012) ranged 
from 0.6 to 0.89 (for OTE) and from 0.64 to 0.93 
(for SE), while the OTE and PTE scores recorded by 
Jurčević and Mihelja Žaja (2013) ranged from 0.74 
to 0.95 (for OTE) and from 0.91 to 0.98 (for PTE), 
depending on the particular year that was included 
in the analysis. Furthermore, no studies covering 
OTE, PTE or SE were found for the Hungarian in-
surance industry, while only one piece of research 
has been detected for Poland (i.e. Grmanová & Pu-
kala, 2018), although the authors analyzed only the 
life sector in 2014 and used only PTE, which they 
found out to be 0.62.

4.3 One-way analysis of variance (ANOVA)

In order to test whether there are any statistically 
significant differences between the obtained levels 
of efficiency of both non-life and life insurers op-
erating in the analyzed CEE countries, a one-way 
analysis of variance (ANOVA) is performed. How-
ever, when performing ANOVA one must have in 
mind that while examining three groups of inde-
pendent insurers,  i.e. insurers operating in three 
different countries, ANOVA can only provide 
information on whether at least two groups of ana-
lyzed insurers are statistically different. Thus, in 
order to find out which specific group of insurers 
was significantly different from the others, a Tukey 
post hoc test is performed. Conducting ANOVA 
for non-life and life sectors separately, using an-
other efficiency score each time (i.e. OTE, PTE and 
SE) for the group of three countries (Croatia - CRO, 
Hungary - HU and Poland - PL) resulted in six 
ANOVA outputs. Abridged results are summarized 
in Table 5. 
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Table 5 ANOVA results

Non-life Life
Type of 
efficiency 
scores

ANOVA Post Hoc Test ANOVA Post Hoc Test

F Sig. Country Sig. F Sig. Country Sig.

OTE
30,205 0.000

CRO and HU*
CRO and PL*
HU and PL*

0.030
0.000
0.000 10,517 0.000

CRO and HU*
CRO and PL*
HU and PL*

0.000
0.031
0.025

PTE
6,3226 0.003

CRO and HU
CRO and PL
HU and PL*

0.560
0.112
0.003 8,963 0.000

CRO and HU*
CRO and PL
HU and PL*

0.001
0.330
0.005

SE
14,783 0.000

CRO and HU
CRO and PL*
HU and PL*

0.198
0.008
0.000 3,453 0.040

CRO and HU*
CRO and PL
HU and PL

0.039
0.102
0.692

*The mean difference is significant at the 0.05 level. 
Source: Authors’ calculation 

In brief, the results of all conducted ANOVAs indi-
cated that regardless of the type of efficiency score 
used and the insurance sector observed (either 
non-life or life), there was a statistically significant 
difference between at least two groups of analyzed 
insurers. On the other hand, a Tukey post hoc test 
revealed a statistically significant difference among 
all three groups of insurers when considering over-
all technical efficiency (OTE). From the aspects of 
pure technical efficiency (PTE) and scale efficiency 
(SE), a difference generally occurred between Hun-
gary and Poland in the non-life sector and Croatia 
and Hungary in the life sector.

5. Concluding remarks

The main goal of this research was to analyze over-
all technical efficiency, pure technical efficiency and 
scale efficiency of insurers operating in non-life and 
life insurance sectors in three CEE countries, i.e. 
Croatia, Hungary and Poland, in 2018. The analysis 
was performed with the input-oriented DEA model 
in which operating expenses and total technical 
provisions were used as inputs, while net earned 
premiums and total investments were used as out-
puts. The results of the conducted analysis revealed 
that, according to all efficiency scores (OTE, PTE 
and SE), Hungarian non-life insurers were the most 
efficient ones, followed by Croatian and then by 
Polish insurers, which were found to be the most 
inefficient ones. The situation is quite different 
when the life insurance sector is observed. Overall 
technical efficiency, pure technical efficiency and 
scale efficiency for Croatia and Poland recorded 

much higher values in this sector than in the non-
life sector. The exception is Hungary, for which the 
life sector showed efficiency values smaller than 
for the non-life sector. Furthermore, the efficiency 
scores of Hungarian life insurers were smaller than 
those of Croatian insurers, which were found to be 
the most efficient ones, and which were followed by 
the Polish insurance companies. In other words, the 
Hungarian life insurers were found to be the most 
inefficient ones. The order of the analyzed CEE 
countries remained unchanged even when it was 
observed from the aspect of the number of efficient 
life insurers. It was also revealed that in all coun-
tries and in both life and non-life sectors (except for 
the Hungarian life sector), the main source of in-
surer inefficiency appeared to be scale inefficiency 
rather than managerial inefficiency, suggesting the 
necessity of increasing the insurers’ size in order to 
increase their efficiency. Finally, when overall tech-
nical efficiency (OTE) is observed, a Tukey post 
hoc test indicated a statistically significant differ-
ence among all three groups of insurers regardless 
of whether they were operating in the non-life or 
the life insurance sector. On the other hand, when 
pure technical efficiency (PTE) and scale efficiency 
(SE) are taken into account, a significant difference 
generally appeared between Hungary and Poland in 
the non-life sector and Croatia and Hungary in the 
life sector.
Depending on data availability, the sample of the 
analyzed countries could be expanded in future re-
search. In addition, a cross-country analysis of non-
life and life insurers’ productivity with the applica-
tion of the Malmquist index could be performed.
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