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PREDICTING BANKRUPTCY BASED ON THE FULL 

POPULATION OF CROATIAN COMPANIES

This paper analyses the bankruptcy prediction based on the population 

of companies representative of the total business sector in Croatia. The rep-

resentativity of the sample is achieved through the propensity score matching 

of the full population of bankrupt and similar non-bankrupt companies. The 

robust estimation of bankruptcy prediction is carried out through the multi-

ple discriminant analysis (MDA) and logistic regression (logit). The results 

performance of the logit estimation. Overall accuracy of the MDA model 

results serve as a bankruptcy estimation benchmark for the business sector 

in Croatia.
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1. INTRODUCTION 

estimations.

th

1

1



S. BOGDAN, L. ŠIKIĆ, S. BAREŠA: Predicting Bankruptcy Based on the Full Population of Croatian Companies
EKONOMSKI PREGLED, 72 (5) 643-669 (2021) 645

2

provided in the last section.

2. LITERATURE OVERVIEW

2
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Table 1. 

OVERVIEW OF BANKRUPTCY PREDICTION AND CLOSELY  
RELATED STUDIES IN CROATIA

 

Observations

Novak 
(2003)

Financial sector/ 
MDA/4

–
–
–
–

MDS N/A

Novak and 

(2007)

General/141 companies MDA/3
–

Good companies –

General/90 companies MDA/3
–

Good companies –

General/90 companies
–

Good companies –

General/141 companies
–

Good companies –

General/90 companies
–

Good companies –

General/90 companies
–

Good companies –
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Observations

Sajter 
(2008)

General/100 
companies

MDA/1
–
–
–
–

MDS/9 N/A

(2009)
General/108 
companies

MDA/12
companies

–

companies
–

companies
–

companies
–

Pervan, 
Pervan and 

(2011)
companies

MDA/3
–
–
–
–

Šarlija 

(2011)

2008/2009 General 
SMEs/ development 

sample -1987 
companies
sample-993 

companies

Development sample

Distressed companies –
–

Validation sample

Distressed companies –
–

2007/2008 General 
SMEs/ development 

sample -1988 
companies
sample-998 

companies

Development sample

Distressed companies –
–

Validation sample

Distressed companies –
–

SMEs/ development 

 

sample-995 
companies

Development sample

Distressed companies –
–

Validation sample

Distressed companies –
–
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Observations

Pervan 

(2013)

General/ 825 

Croatian commercial 

–

companies
–

(Combined- 3 

factors)

–

companies
–

(2015)

General/343 
companies

MDA/5
–
–

General/Independent 

sample – 344 
companies

MDA/5
–

–

General/343 
companies

–
–



S. BOGDAN, L. ŠIKIĆ, S. BAREŠA: Predicting Bankruptcy Based on the Full Population of Croatian Companies
EKONOMSKI PREGLED, 72 (5) 643-669 (2021)650

3. DATA AND VARIABLES
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Table 2. 

OVERVIEW OF SAMPLE CLASSIFICATION SECTIONS ACCORDING TO 
THE NATIONAL CLASSIFICATION OF ACTIVITIES –NKD 2007

Code

A
B
C
D

E
activities

F
G
H
I
J
K
L Real estate activities
M
N
P

R Arts, entertainment and recreation
S Other service activities
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Table 3. 

DESCRIPTION OF INDEPENDENT VARIABLES

Variable

positive
positive
positive
positive

EBIT/Total assets positive
net income/total assets positive

positive
positive

net worth/total assets positive
positive
positive
positive

cash/total assets positive

positive
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Table 4. 

 x1 x2 x3 x4 x6 x7 x8 x10 x11 x12 x13 x14 x15 x16 x19 x20 x21

x1 1
x2 0.89 1.00
x3 0.72 1.00
x4 1.00
x6 1.00
x7 0.04 0.07 0.07 1.00
x8 0.04 0.90 1.00
x10 0.10 0.17 0.37 1.00
x11 0.11 0.11 0.11 0.07 0.02 0.80 1.00
x12 0.44 1.00
x13 0.09 0.14 0.15 0.15 0.37 0.39 0.92 0.88 1.00
x14 0.00 0.01 0.05 0.05 0.05 0.09 0.05 1.00
x15 0.04 0.03 0.00 0.03 0.57 0.14 0.15 0.07 1.00
x16 0.17 0.17 0.17 0.28 0.07 0.07 0.04 0.03 0.03 1.00
x19 0.44 0.37 0.22 0.32 0.10 0.08 0.09 0.00 0.04 0.27 0.15 1.00
x20 0.93 0.08 0.00 1.00
x21 0.18 0.21 0.24 0.35 0.03 0.03 0.05 0.10 0.01 0.23 0.04 1.00

5

5
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Table 5. 

VARIANCE INFLATION FACTOR

VIF

0.547 1.829
2.152

0.589
0.832 1.202
0.940
0.901 1.110

0.824 1.214
0.808 1.238
0.851 1.175

4. METHODOLOGY AND RESULTS

4.1. Multivariate discriminant analysis

X x x x
n

= ( , , )1 2

nant score Z
i

X
i

 Z X X X
i i i i i n im
= + + +º+b b b b

0 1 2 2
. (1)
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Z
*

 b b b b
0 1 2 2
+ + +º+ = ¢

i i i i n im
X X X Z . (1.1)

Z Z
1 2
 and Z 

X 1 and 2, and 
their respective covariance matrices 1 and 2 Z 

1 and 2 where b
bis q q q

1 2
= =

Z is, so the:

 j
q

=
+( )ÈÎ ˘̊

=
b µ µ

b b

1 2

2

between group variance

within group variaance
 (1.2)

b

j  

 b µ µ= -( )-q 1

1 2 . (1.3)

The parameters –1, 1, 2 X X1 2, †and 
sample variance S–1

pressed as:

 Z b X X X S X
1 1 1 2

1

1
= = -( )¢ -'

 (1.4)

 Z b X X X S X
2 2 1 2

1

2
= = -( )¢ -'

. (1.5)

Z
1 Z

2
, Z

0
Z
1
 than to Z

2

Z Z Z Z
0 1 0 2
- > - Z Z Z

0 1 2

1

2
> +( ) so that the opti

Z
*

 D Z Z X X S X X
2

1 2

2

1 2

1

1 2
= -( ) = -( ) -( )-'

1, 2 , the 
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 F
n n n n k

n n n n k
D=

+ - -( )
+( ) + -( )
1 2 1 2

1 2 1 2

2
1

2
 (1.7)

where k

Wilks’ Lambda F df1 df2 Sig.

0.908 110.550 1 1097 0.000
0.938 1 1097 0.000
0.930  81.957 1 1097 0.000
0.929  83.837 1 1097 0.000

1 1097 0.000
 42.450 1 1097 0.000

0.980 1 1097 0.000
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Table 7. 

F
 28

0.000

Table 8. 

CLASSIFICATION RESULTS

Total0.0 1.0
0.0 549 42  591
1.0 247  508
0.0 92.9 7.1 100.0
1.0 51.4 100.0

73.7
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4.2. LOGIT

 Z b X b Xi

i

n

j ij i i i
' = + = +¢

=

Â
0

e e  (2)

Where Z
i

'
bj

Xj Xij

i

Since ¢Z
Y so that Y

(Z
i

' > 0) and Y

 P Y P X F X
i i i i
=( ) = > -( ) = - -( )¢ ¢1 1e b b  (2.1)

where F
Y

Xi Yi 
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 LF F X F X

Y

i

Y

i
= -( ) - -( )ÈÎ ˘̊¢ ¢

= =
’ ’
0 1

1b b
 

(2.2)

LF 

 P F Z
e
Z

= ( ) =
+ -

1

1 q  where 0 1< < = ¢P Z X
iq q b and  (2.3)

P Xi and  so with the condition 

F X
Xi

i
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+ ( )

¢
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b

1
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1 1
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b and 

P

k Z

Table 9. 

Variables B S.E. Wald df Sig.

0.059 20.154 1 0.000 1.300
3.942 34.270 1 0.000 51.517

1 0.000 1.925
0.202 15.291 1 0.000 0.453

0.538 0.114 22.114 1 0.000 1.713
1.072 15.043 1 0.000

Constant 0.137 1 0.000 0.583
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Table 10. 

LOGISTIC REGRESSION MODEL SUMMARY

-2 Log likelihood
a 0.348

less than .001.

Table 11. 

HOSMER AND LEMESHOW TEST

df Sig.

8 0.287

Table 12. 

CLASSIFICATION TABLE

Observed Correct0.0 1.0
0.0 509  82
1.0 179 329
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5. CONCLUSION
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