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Abstract

Turbulent conditions on the Serbian market, the deep consequences of the global
economic crisis that have shaken the already weakened economy are strong reasons for
constant monitoring of business in Serbia. Identifying financial problems in a company
that lead to bankruptcy reduces the risk of potential losses. The aim of the paper is to
compare the Altman model and the Zmijewski model that are applied in companies in
Serbia and by that to conclude which one gives better results for predicting bankruptcy.
Also, the paper will examine the significance of individual ratios in models using
correlation analysis.

The results of the survey showed that the accuracy of predicting the bankruptcy of
the Altman model for emerging markets on Serbian companies undergoing bankruptcy
proceedings, is high, 88.68% for one and 79.25% for two years before the initiation of
bankruptcy proceedings. The accuracy of the Zmijewski model is slightly higher than
the Altman model for one year before the initiation of bankruptcy proceedings and
amounts to 90.57%. Two years before bankruptcy, the Zmijewski model's accuracy is
the same as with the Altman model (79.25%). When it comes to the overall sample
(undergoing bankruptcy proceedings companies and non-bankruptcy companies), the
average accuracy of the Zmijewski model is higher than the Altman model (89.62% >
85.22%). Based on Pearson's correlation coefficient, we have established that one year
before initiating bankruptcy, there is almost an impeccably perfect positive relationship
between the ratio of working capital and total assets on one side, and Z’’- score on the
other. The Zmijewski coefficient has an almost perfect negative relationship with the
indebtedness ratio. By observing both models, it can be concluded that companies in
Serbia had a problem with liquidity, indebtedness and the impossibility of returning the
invested funds, which contributed to the poor financial situation and initiation of
bankruptcy proceedings.

Key words: bankruptcy prediction, Altman Z’* model, Zmijewski model,
comparative analysis, Serbian companies.
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HOPEBEILE MOJIEJIA 3A IIPEJIBUBAILE CTEYAJA HA
Y30PKY CPIICKUX ITIPEAY3ERA

AnCTpaKT

TypOynentau yciosu Ha Tpxumry CpOuje, KyOoKe TOCIEIUIEe CBETCKE EKOHOMCKE
Kpu3e, Koja je y3apMaia MOHAaKO ocnalibeHy NPHUBpPELy, jaKH Cy Pa3jio3d HENpecTaHOT
npahema nocnoBama mnpeayseha y Cpouju. IlpenosHaBame (pUHAHCHJCKUX HENPIINKA Y
npexysehy Koje Bome y cTedaj CMamyje pH3uK of Moryhux rybouraka. L{iss pama jecrte
nopehememM AnTMaHOBOT MOJIENa U MoJiesIa 3MHjEBCKOT YTBPAUTH KOjH MOZIEN IPHMEHCH
Ha npeny3eha y Cpouju naje 6ospe pesynrate npeasuhama credaja. Takohe, y pagy he ce
WCIIMTaTH W 3HAYajHOCT TMOjeJMHAYHHUX palyja y MojennMa momohy KopenaruoHe
aHaJIM3e.

Pesynrarn uctpaxknBama IOKa3aliM Cy Jia je TaqHoCT npepubarma credaja AITMaHoO-
BOT' MOJIEJIa 33 TPIKHUIITA Y Pa3Bojy 3a cpIicKa mpeny3eha koja cy HOKpeHya cTedajHH I0-
CTyTIaK BHCOKa, U TO 88,68% rofuHy AaHa Ipe MOKpeTama CTedajHor HocTynka u 79,25%
JIBE TOJIMHE IIpe TOKPETamka CTEUAJHOT MOCTYNKA. TauHOCT Mojena 3MHjeBCKOT HEIITO je
Beha o1 AIITMaHOBOT MOJIENa 32 jeIHy TOAMHY IIpe MOKpPeTamha CTeUajHOr MOCTYIKA U 13-
HocH 90,57%. 3a 1Be romuHe Ipe cTevaja TaYHOCT Moyiesia 3MHUjEBCKOT HCTa je Kao U KOJ{
AnrmanoBor mozena (79,25%). U xana je ped o yKymmHOM y30pKy (Tipemyseha y credajy u
npeny3eha koja HUCY y cTedajy), MPOCEYHA TA4yHOCT Mojena 3mujeBckor Beha je on
AunrmanoBor mojena (89,62% > 85,22%). Ha ocHoBy [TupcoHOBOT KoeduIMjeHTa Kopena-
IMje, yTBPAWIM CMO Jia TOJMHY JaHa Ipe IOKpeTama cTedaja MOCTOji CKOpO CaBpIIeHa
MO3UTHBHA Be3a n3Mel)y oHOCa paJHOT KanuTana M yKyIHUX CPEICTaBa, C jelHe CTpaHe,
u 3” ckopa, ¢ apyre crpade. KoedumujeHT 3MIjeBCKOr IMa CKOPO CaBpILICHY HETaTUBHY
Be3y ca pamuoM 3amyxeHocTd. [locmarpajyhu oba mMozmena, MoXke ce 3aKJBYYHTH Jia Cy
npeny3eha y CpOuju mMana npobiieM ca JuKBHAHOIINY, 3aaykeHomhy u HemMoryhHorrhy
noBpahaja yJI0)KeHUX CpeCcTaBa, IITO je JONPHHENO JomeM (GHHAHCHjCKOM CTakby U II0-
KpeTamy CTEYajHOT TOCTYIIKA.

Kmbyune peun: mnpensubame creyaja, AnTMaHoB 3" CKOp MOJEN, MOZEN 3MHjEBCKOT,
KOMIIapaTHBHA aHaJIN3a, CpIIcKa Ipeny3eha.

INTRODUCTION

In order to survive, financial market participants must carefully select
business partners. One aspect of risk management is to monitor operations of
affiliated companies and predict financial distress and bankruptcy of these
companies.

Turbulent market conditions in Serbia and the deep impact of the
global economic crisis that has shaken the already weakened economy are
strong reasons for the constant monitoring of operations of Serbian
companies. Risk related to the financial problems of these companies is not
only taken by customers, suppliers, and creditors, but also investors and
speculators. Recognition of financial distress in the affiliated company
reduces the risk of potential losses.

There are a number of models used for predicting bankruptcy or
financial distress in the company. While some authors, such as Beaver
(1966), Altman (1983, 1995), Ohlson (1980), or Zmijewski (1984), base
their models on accounting information, there are those who use market
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data for the models, namely Black and Scholes (1973) Merton (1974),
and Shumway (2001).

This paper will compare two corporate bankruptcy prediction models,
based on accounting data. These are the models that have been widely
applied in practice, i.e. Altman Z” score model (1995) and the Zmijewski
model (1984). The aim of the paper is to determine which model, when
applied to Serbian companies, gives better results in the prediction of
bankruptcy. Furthermore, the paper will examine the significance of
individual ratios within the models, by using correlation analysis.

The paper is organized as follows: the first part highlights the most
important studies on the application of the Altman and Zmijewski models.
The next part focuses on the methodology and presentation of data used in
the paper, followed by the results of model application to companies in
Serbia, and the conclusion.

LITERATURE REVIEW

The first bankruptcy prediction model, and at the same time one of
the most cited in scientific literature’ (Kumar, Kumar, 2012) using
multiple discriminant analysis (MDA) was designed by Altman in 1968.
As the original model was applicable only to companies whose shares are
traded on the stock exchange, it had to be adjusted to include companies
whose shares are not traded on the stock exchange (Altman, 1983),
companies that belong to both production and non-production sectors,
and companies that operate on the emerging markets (Altman, Hartzell &
Peck, 1995). The accuracy of the original bankruptcy prediction model
one year before the bankruptcy proceedings was 95%, and two years
before the initiation of bankruptcy 83%.

Grice and Ingram (2001) examined the validity of the Altman
model in respect of production and non-production companies in the
period 1985-1991. Their study showed that the accuracy of the Altman
model was lower than the results obtained by Altman, and that predicting
bankruptcy was better in production than in non-production companies.

Given that Altman applied the model to the developed and stable
US market, the need arose to examine the validity of the model on other
markets. Boritz et al. (2007) compared Canadian bankruptcy prediction
models with the Altman and Ohlson models, using Canadian data. The
results showed great similarity with respect to Canadian bankruptcy
models and the Ohlson model, while the Altman model showed lower
performance than other models tested. Lawson (2008) applied the Altman
model to the Australian equity market, while Pitrova (2011) applied the
same model to Czech firms. For public industrial firms in Taiwan, Lin (2009)

! In addition to Altman's (1968) model, the authors state that the most cited are also
both the Zmijewski (1984) and the Ohlson (1980) models,
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used multiple discriminant analysis, logit, probit, and neural networks models
for predicting financial distress. Through model comparison, he came to the
conclusion that the probit model had the best and most stable performance
if the data used satisfied the assumptions of the statistical model. In
contrast, neural networks models achieved greater accuracy in predicting
than other models tested. Samkin et al. (2012) used the Altman Z-score
model to predict the bankruptcy of companies in New Zealand with a
recommendation that the model should be used as part of the financial
indicators in the published financial review to increase investor confidence,
or as an integral part of the financial statements.

A number of authors compared accounting and market models.
Hillegeist et al. (2004) compared Altman’s and Ohlson’s models, based on
accounting information, with the BSM-Prob structural model, based on
market information, giving priority to the market model. Beaver,
McNichols and Rhie (2005) used their study to examine the bankruptcy
prediction ability on the basis of accounting information, market-based
variables, and combination of financial statement and market-based
variables over a long period of time from 1962 to 2002. These authors
found that the predictive models were marked by robustness during the
observed period, and that the slight decline in bankruptcy prediction ability
based on financial ratios was compensated through the use of market-based
variables. Based on the sample of 5784 companies, Reisz and Purlich
(2007) compared the structural models with Altman Z score and Z” score
models. The authors concluded that, with respect to short-term bankruptcy
prediction, priority should be given to accounting-based measures.
However, by extending the period of bankruptcy prediction, market-based
structural models should be used.

In their paper, Paquette and Skender (1996) showed that the Z score
model could be useful in providing guidelines to auditors in the assessment
of the going concern principle of the company for its clients.

In Serbia, Muminovi¢ et al (2011) examined the adequacy of the
application of the original Altman model, the Z'score and Z’’score model on
a sample of enterprises operating in Serbia. Although the research results
showed a higher degree of accuracy of the Z’’score model, made for
developing markets (also sometimes referred to as emerging markets),
compared to the other two models tested, the predictive power of the model is
not satisfactory. The reason for this, according to the authors, is in looking for
different performance treasures and different nature of the firm's financial
structures.

Stanisi¢, Mizdrakovi¢ and Knezevi¢ (2013) compared models of
logistic regression, decision trees and artificial neural networks (ANNSs) with
the Altman models for emerging markets and for private enterprises. The
results of the research have shown that the only model of neural networks
gives better results than the Altman model for private enterprises, which,
according to the author, is adequate for use at enterprises in Serbia.
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Very often, the authors in Serbia decide to test the creditworthiness
of one or more enterprises using the Altman model (Filipovi¢, Mirjanic,
2016; Zlatanovi¢ et al, 2016). In examining the enterprises’ corporate
credit rating, the authors use other models besides the Altman model.
Andri¢ and Vukovi¢ (2012) investigated the impact of the crisis on the
performance of 50 enterprises in Serbia in the period from 2008 to 2010,
using the following models: Kralicek Quick Test, the Altman EMS
model, Sandin and Porporato Model, Kralicek’s discriminatory function
and the BEX index. All applied models have shown that the effects of the
economic crisis were most felt in 2009, while already in 2010 the effects
of the crisis began to decrease.

Zmijewski (1984) used probit analysis to calculate the probability
of bankruptcy in the interval from 0 to 1. The accuracy of the original
bankruptcy prediction model for the total sample was 98%. Although the
model was not sensitive to industrial classification (Grice and Dugan,
2001), the accuracy of the model eventually decreased. Therefore, Grice
and Dugan (2003) believed that it was necessary to adjust the coefficients
used in the original model, to achieve higher accuracy.

In Serbia, Pavlovi¢ et al. (2012) applied Zmijewski model to
predict bankruptcy of Serbian firms, and found a high degree of accuracy
of the model. Zmijewski model demonstrated high predictability of
financial distress following the sample taken from all sectors listed on
Karachi Stock Exchange (Wagas et al., 2014).

RESEARCH METHOD

The paper uses the Altman Z” score model (1995) for predicting
bankruptcy, as a suitable model for emerging markets. The model
reduces the impact of the industry in which the company operates and
applies to companies whose shares are not traded on the stock
exchange, which is consistent with the sample used in the paper. The
Altman Z” score model reads (Altman, Hartzell & Peck, 1995, p.3):

7" = 6.56X; + 3.26X, + 6.72X5 + 1.05X, (1)

where:

X,— Working Capital / Total Asset — Ratio of liquidity expressed through
working capital and the total assets of the company. For companies in
bankruptcy, this ratio is usually negative.

X, —Retained Earnings / Total Assets — Ratio of cumulative earnings and
total assets of the company is low in the newly established companies.

X3 —Earnings before Interest and Taxes / Total Assets — Ratio of profitability
of total assets independently of costs of financing and tax.

X, —Book Value of Equity / Book Value of Total Liabilities — Ratio which
measures how much the assets of the company can be reduced before
the company becomes insolvent.
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After calculating the Z” score, the company is classified into one of
three groups, namely, if the Z” score is greater than 2.6, the company is
considered to be financially successful; a company that operates in a gray
zone has the Z” score in the range from 2.59 to 1.11, while financially
unsuccessful companies have the Z” score lower than 1.10.

Another model used in the paper for predicting bankruptcy is the
Zmijewski model. Based on the data on 40 bankrupt and 800 non-bankrupt
companies, the model has been formed, which, by examining return on
assets, financial leverage, and liquidity, determines the probability of
bankruptcy proceedings. The model is as follows (Zmijewski, 1984, p.69):

ZFC = —4.336 — 4.513(ROA) + 5.679(FINL) + 0.004(LIQ) )

where:

ROA — net income to total assets —ratio shows the net income that the
company realizes in relation to the invested funds;

FINL —total debt to total assets — debt ratio shows how much of the
total assets is financed by debt;

LIQ — current assets to current liabilities — shows the ability of the company
to fulfil its short-term liabilities with the total available working
capital

In order to determine the probability of bankruptcy, the following
formula is used:

P=1/1+e"=y)) (3)

e — constant (e = 2.71828)
y — model result (ZFC)

When the obtained probability is greater than 0.5, there are high
chances that the bankruptcy will be initiated.

After the comparison of the above-mentioned models, the paper will
examine the strength and direction of the correlation between individual
ratios and model results using Pearson correlation coefficient. According to
Cohen (1998, pp. 79-81), the correlation will be assessed as small if r ranges
from 0.10 to 0.29, medium if r is in the interval from 0.30 to 0.49, or large if r
is greater than 0.5 but smaller than 1.

DATA

In order to examine the accuracy of the bankruptcy prediction
model and make a comparison, a sample of 159 companies was formed.
On the basis of periodic publication of active bankruptcy proceedings of
companies on the territory of the Republic of Serbia, a part of the sample
consisting of 53 medium and large companies that began the bankruptcy
proceeding from 01/01/2013 to 01/07/2014 was made by Bankruptcy
Supervision Agency (2015). Enterprises are constituted as limited liability
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companies and joint stock companies. The analysis of the bankruptcy
prediction was carried out in one and two years before the initiation of the
bankruptcy proceeding.

The second part of the sample is made up of 106 active companies
(which are continuously in business and are not bankrupt) also of medium
and large size. Non-bankruptcy companies are public companies whose
shares are traded on Belgrade Stock Exchange and they are selected on a
random basis. The analysis of the initiation of the bankruptcy proceedings
prediction was carried out for 2012 and 2013.

The structure of the sample based on the activity of the analysed
companies is shown in Table 1.

Table 1. Sample divided by sector of activity

Number of ~ Number of
non-bankruptcy bankruptcy

Sectors companies  companies
Financial and insurance activities 3 0
Agriculture, forestry, fisheries 27 4
Water supply 1 0
Construction 22 4
Education 1 0
Manufacturing industry 40 25
Mining 1 1
Professional, scientific, innovation and technical
activities 3 1
Traffic and storage 3 3
Wholesale, retail trade; repair of motor vehicles 5 15
Total: 106 53

Source: the authors’ calculation

The companies’ financial statements were taken from the Business
Registers Agency (2015).

RESEARCH RESULTS

Summary statistics comparison of the Altman and Zmijewski
models for companies undergoing bankruptcy proceedings is shown in
Table 2. The average value of the Altman’s Z” score is negative both one
and two years before the bankruptcy proceedings, provided that one year
before the start of bankruptcy proceedings the ratio shows an even clearer
picture of the financial situation in companies (it is considered that the
financially unsuccessful company has the Z” score less than 1.10). The
standard deviation is low. However, there is a company whose Z” score
was 5.03 one year before the bankruptcy proceedings, and 5.43 two years
before the bankruptcy proceedings, which, according to the Altman model,
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puts the company into the group of financial successfulness (the Z” score
greater than 2.6). Nevertheless, the accuracy of the Altman bankruptcy
prediction model for Serbian companies on emerging markets is high, i.e.
88.68% one year and 79.25% two years before the bankruptcy proceedings
(out of 53 companies that have filed for bankruptcy, the Altman model
predicted the bankruptcy of 47 companies one year, and for 42 companies
two years prior to the bankruptcy proceedings). Error type | (when the
analyzed company initiated bankruptcy but was predicted to continue
operations) amounts to 11.32% one year before the bankruptcy
proceedings, and 20.75% two years prior to bankruptcy proceedings. The
model predicted continuing operations for 6, i.e. 11 of the analyzed
companies, but these companies began bankruptcy proceedings.

The average value of the Zmijewski model for both periods
classified the observed sample as companies in which bankruptcy was
likely to occur. A company that the Altman model described as successful
will be categorized by the Zmijewski model as a company with a
minimum probability of bankruptcy. The causes of the bankruptcy of the
company that is, based on the models, financially stable, should be looked
for in the factors that are not built into the model (for example,
macroeconomic conditions). The accuracy of the Zmijewski model is
slightly higher than in the case of the Altman model one year before the
bankruptcy proceedings, and amounts to 90.57% (bankruptcy is predicted
for 48 out of 53 companies). Two years before the bankruptcy, the
accuracy of the Zmijewski and Altman models is the same and amounts
to 79.25%. Consequently, Error type | for that period is unchanged and
equals 20.75%, being lower one year before bankruptcy, i.e. 9.43%.

Table 2. Summary statistics comparison of Altman and Zmijewski models
for companies undergoing bankruptcy proceedings

Altman model Zmijewski model

One year Two years One  year Two  years

before before before before

bankruptcy bankrupt.  bankrupt.  bankrupt.
Average -4.75 -2.65 0.82 0.73
S. Deviation 6.17 5.38 0.24 0.26
Min -24.02 -23.23 0.07 0.08
Max 5.03 5.42 1.00 1.00
Median -3.44 -1.28 0.92 0.81
Sample 53 53 53 53

Cut-off <1,1 Cut-off >0.5

Accuracy for 88.68 79.25 90.57 79.25
Error type | 11.32 20.75 9.43 20.75

Source: the authors’ calculation
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When it comes to non-bankruptcy companies, the average value of the
Altman model is extremely high for the years 2013 and 2012 (9.47 and 8.37)
as shown in Table 3. However, the deviation of the Z” score from the average
value is greater than in companies undergoing bankruptcy proceedings. The
accuracy of the model is lower compared to companies in bankruptcy, and
the Z” score shows the deterioration in the financial position of the
investigated companies in 2013 compared to 2012. Error type 11 amounts to
16.98 in 2013, and 11.32 in 2012. This means that the model predicted the
bankruptcy of 18, i.e. 12 out of 106 companies examined, which then just
kept operating.

The Zmijewski model shows a higher degree of accuracy with non-
bankruptcy companies than with companies undergoing bankruptcy. As with
the Altman model, accuracy was slightly higher in 2012, indicating a difficult
financial position of the companies in 2013. Compared to the Altman model,
the Zmijewski model classified smaller number of companies in the group of
companies with a higher probability of occurrence of bankruptcy, and,
therefore, the model is characterized by higher accuracy (bankruptcy is
predicted for the 9 companies in 2013, and 8 in 2012 out of the 106
companies examined).

Table 3. Summary statistics comparison of the Altman and Zmijewski
models for non-bankruptcy companies

Altman model Zmijewski model
2013 2012 2013 2012
Average 9.47 8.37 0.18 0.17
S. Deviation 17.77 13.09 0.21 0.19
Min -5.97 -3.06 0.00 0.01
Max 118.22 88.78 0.99 0.88
Median 4.05 411 0.09 0.10
Sample 106 106 106 106
Cut-off <1,1 Cut-off >0.5
Accuracy for 83.02 88.68 91.51 92.45
Error type Il 16.98 11.32 8.49 7.55

Source: the authors’ calculation

Looking at the overall sample (hon-bankruptcy and bankruptcy
companies for two years of observation), the average accuracy of the
Altman Z” score model is 85.22% for the period 2011-2013. The average
accuracy of the total sample in the Zmijewski model is 89.62%, as shown
in Table 4.
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Table 4. Comparison of the Altman and Zmijewski models for total sample

Altman model Zmijewski model
Correctly predicted 271 285
Sample 318 318
Total accuracy 85.22% 89.62%

Source: the authors’ calculation

Comparing the research carried out on the territory of Serbia for
the period 2006-2010 (Pavlovi¢ et al.,, 2012) on a sample of 94
companies, where the average accuracy of the Zmijewski model was
94.15%, one can see a reduction in the average accuracy of the Zmijewski
model (made on the sample of 159 companies for the period 2011-2013).

The Analysis of the Impact of Individual Ratios on the Results of the Model

In order to establish the strength and direction of the bond between
individual ratios and the overall result of the Altman model, the correlation
analysis of companies undergoing bankruptcy proceedings was conducted.
Pearson linear correlation coefficient in respect of two, i.e. one year before
the bankruptcy proceedings is shown in Tables 5 and 6.

Table 5. Pearson’s correlation coefficient with respect to the Z” score
two years before the bankruptcy proceedings

Xy X3 X3 X4 zZ”
WC/TA RE/TA EBIT/TA BVE/BVTL Score
X, Correlation 1

WC/TA  Probability — -----
X, Correlation 0.282 1
RE/TA  Probability 0.040  -----

X Correlation 0.512  0.166 1
EBIT/TA Probability 0.000 0.234 = -----
X4 Correlation 0.523  0.232 0.204 1
BVE/BVTL Probability 0.000 0.094 0142 = ----
Correlation 0.890  0.318 0.840 0.486 1

7” Score  Probability 0.000 0.020 0.000 0.000 = --—--
Source: the authors’ calculation

Table 5 shows that between the ratio X; (Working Capital / Total
Asset) and the Z” score there is a strong positive correlation, as well as
between the ratio X5 (Earnings before Interest and Taxes / Total Assets)
and Z” score, = 0.840, p <0.0001 By increasing the value of X; and X5, Z”
score increases.
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Table 6. Pearson’s correlation coefficient with respect to the Z” score
one year before the bankruptcy proceedings

X]_ XZ X3 X4 Z”
WC/TA  RE/TA EBIT/TA BVE/BVTL Score
X1 Correlation 1
WC/TA  Probability  -----
X, Correlation  -0.077 1
RE/TA  Probability 0580 @ -----
X3 Correlation 0.418 0.349 1
EBIT/TA Probability 0.001 0.010  -----
X4 Correlation 0.302 -0.106 0.074 1
BVE/BVTL Probability 0.027 0.448 0595 -
Correlation 0.952 0.110 0.658 0.341 1

7” Score  Probability 0.000 0.432 0.000 0.012  -----
Source: the authors’ calculation

Comparing the correlation coefficient between the individual ratios
and the Z” score one and two years before the bankruptcy proceedings, one
can see the strengthening of the positive correlation between X; and Z”
score, r = 0.952, p <0.0001. The bond is almost perfect which means that
the increase in the value of X; by 1% leads to an increase in the value of the
Z” score by almost 1%. A strong positive correlation exists between X3 and
Z” score, r = 0.658, p <0.0001 but, compared to the previous year, this
correlation is somewhat weaker (r = 0.840). At the same time, between the
ratio X, (Retained Earnings / Total Assets) and the Z” score, the correlation
coefficient is not statistically significant. Similar research was conducted
with companies in the Czech Republic. Pitrova (2011) examined the
relationship between the Altman Z score (1968) and individual ratios, and
confirmed strong positive correlation between Xs (sales/total assets) and the
Z score. At the same time, the weakest significant relationship was
established between X, (market value of owner’s equity / book value of
total liabilities) and the Z score.

The correlation coefficient between return on assets, financial
leverage and liquidity, and the Zmijewski coefficient is also expressed by
the Pearson linear correlation in Tables 7 and 8 in respect of the period of
two, i.e. one year before the bankruptcy proceedings. Increasing the
Zmijewski coefficient increases the chances that the company will initiate
bankruptcy proceedings.
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Table 7. Pearson’s correlation coefficient with respect to Zmijewski
model two years before bankruptcy proceedings

ROA FINL LIQ ZMIJEWSKI

ROA Correlation 1
Probability =~ -----
FINL Correlation -0.216 1
Probability 0118 = -----
LIQ Correlation 0.091 -0.402 1
Probability 0.512 0.002  --—---
ZMIJEWSKI  Correlation -0.941 0.533 -0.218 1

Probability 0.000 0.000 0.116 -
Source: the authors’ calculation

Looking at the values in Table 7 in respect of the period of two years
before the bankruptcy of companies in Serbia, nearly perfectly negative and
statistically significant correlation between return on asset and the Zmijewski
coefficient was calculated, r = -0.941, p <0.0001, where reducing return on
asset increases the Zmijewski coefficient by almost the same percent, which
is consistent with a higher probability of bankruptcy proceedings. Negative,
but small correlation (r = -0.218) was observed between liquidity and the
Zmijewski coefficient, while between indebtedness and the Zmijewski
coefficient there is strong positive correlation, r = 0.533.

Table 8. Pearson’s correlation coefficient with respect to Zmijewski
model one year before bankruptcy proceedings

ROA FINL LIQ ZMIEWSKI

ROA Correlation 1
Probability —  -----
FINL Correlation -0.576 1
Probability 0.000 = ----
LIQ Correlation 0.230 -0.348 1
Probability 0.097 0.010  -----
ZMIJEWSKI Correlation -0.723 0.981  -0.348 1

Probability 0.000 0.000 0.010 -
Source: the authors’ calculation

One year before the bankruptcy proceedings, the correlation between
the ratios and the Zmijewski coefficient is somewhat different. Almost
perfect positive correlation (r = 0.981, p <0.0001 exists between debt and the
Zmijewski coefficient. Compared to the previous year, the correlation has
strengthened and maintained the same direction. Somewhat weaker, but still
strong negative correlation exists between return on asset and the Zmijewski
coefficient, r = -0.723, p <0.0001 Between liquidity and the Zmijewski
coefficient there is the medium negative correlation, r = -0.348, p >0.0001.
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CONCLUSION

The paper is based on the comparison of the Altman and Zmijewski
models, applied to companies in Serbia. The sample consists of 53
companies that have filed for bankruptcy and 106 non-bankruptcy
companies. On the basis of the average accuracy of the models applied to the
total sample, a slight advantage is given to the Zmijewski model, which
predicted bankruptcy of the analyzed companies with 89.62% accuracy. High
predictive power of the model is consistent with the research conducted by
Pavlovi¢ et al. (2012) in Serbian companies. At the same time, the average
accuracy of the Altman model is 85.22% on a sample of 159 companies over
the period 2011-2013.

The observed models use different indicators for predicting
bankruptcy. Correlation analysis was used to determine the bond strength
between the individual ratios and model results. Two years before the onset
of bankruptcy, liquidity and profitability of total assets, independent of
financing and tax costs, recorded a strong positive correlation with the
Altman Z” score. One year before the initiation of bankruptcy, nearly perfect
positive correlation between the ratio of working capital to total assets and
the Z” score was recorded. This observation is consistent with the economic
statistics that confirms that companies more often go bankrupt due to
illiquidity than because of losses (Rodi¢ et al., 2007, p. 285).

When it comes to the Zmijewski model, two years before the
bankruptcy proceedings, companies recorded a problem with the return on
assets, there being almost perfect negative correlation between return on
assets and the Zmijewski coefficient. The following year (one year before
bankruptcy), indebtedness of companies in Serbia pointed to a strong positive
correlation with the Zmijewski coefficient.

Looking at both models, it can be concluded that companies in Serbia
have had problems with liquidity, indebtedness, and the inability of return on
investment, which contributed to poor financial condition and bankruptcy
proceedings. Using the Altman and Zmijewski models, it is possible to
predict financial distress in the company and bankruptcy with high accuracy.
The research restriction comes from the models used. Bankruptcy prediction
is carried out on the basis of financial statements, and the research results
depend on the quality and reliability of those statements. Future research will
be devoted to the use of contemporary models for predicting bankruptcy,
such as neural networks and decision-making trees.
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INOPEBEILE MOJEJIA 3A IIPEABUBAILE CTEYAJA HA
Y30PKY CPIICKUX NIPEAY3ERA

Cama Biaosuh Beropuh’, Jbnbana Bonuh?, Co6onanka Jopun®

'Bucoxa mocnosHa mikona crpykoBrux crymuja, Hoeu Cagn, Cpbuja
2yuusepsurer y Humy, Exonomckn (axyarer, Huur, Cp6uja

Pe3ume

[IpaBoBpeMeHNM youaBambEeM MOCIOBHUX MOTemkoha Koje poy3poKyjy OTBapame
cTeyaja Mory ce nzbehu ryouiu. 3060r BaKHOCTH came mpoOieMaTnke, npeasuhame
cTeyaja ¥ MPUMEHA MOJIeIa KOjH Mepe MOCIOBHHU ycreX Y (GYHKIMjU HOKpeTamba CTe-
Yaja npe/icTaBba HEUCLPIHY TeMy. FICIIUTHBabe OPUTHHAIHO U3rpaljeHux Mojesa Ha
crierUYHA TPXKHIITA JOHOCH 3aKJbydKe O TOME Jia JIM IMOojeIMHe MoJesie Tpeba Ko-
PHCTHUTH ¥ KOjU MoJieH 00Jbe mpeBrl)ajy MOKpeTame CTeuajHOT MOCTYIIKa.

VY oBoMm paay nopelene cy mohu npensubhama AnrmaHoBor Mojena, urpahjeHor
Ha OCHOBY MYJITHIMCKPUMMHALMOHE aHaIN3e, U MoJea 3MHUjeBcKor, u3rpal)eHor Ha
OCHOBY IpoOuT-aHanm3e. AnTMaHoB 3” ckop npenysehe kinacudukyje y jeqHy ox Tpu
rpyme, u To, ako je 3” ckop Behu ox 2,6, mpexysehe ce cmarpa GpUHAHCH]CKH ycIe-
IIHO; mpexy3ehe koje mociyje y cuBoj 30HH nMa 3” cKkop y HMHTepBaly ox 2,59 oxn
1,11, nox ¢uHaHCHjcKM HeycmentHo npexysehe mva 3” ckop Mamu ox 1,10. Mogen
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3MHjeBCKOT HCTINTHBAKEM ITOBpATa YIIOKEHHUX CpeJcTaBa, (UHAHCH]CKOT JIEBEpUIIa U
JMKBUTHOCTHU yTBphyje BepoBaTHONY mMoKpeTama cTedajHor nocrynka. Kana je moou-
jena BeposatHoha Beha ox 0,5, npeny3ehe nma Bennke IraHce a y HapeIHOM IepH-
0.y JOHECe OJUTYKy O TIOKpeTamy CTeYajHOT IOCTYIKa.

Ha ocnoBy 53 npeny3eha koja cy nokpenyna creyajau noctynak u 106 npenyseha xo-
ja HHCY TIOKpeHyJa CTedaj, M3BpIICHA je aHauu3a MpeaBuhama MOKpeTama CTeyajHOT
MOCTYIKA 3a JIBE Y3acTONHE ToiuHe. AHamm3upana mpexyseha ce kimacudukyjy kao
cpenma unn Beiuka. [Ipumena AntvanoBor 3 ckopa Ha mpenyseha Koja cy TOKpeHynia
CTEYajHH TOCTYINAK IOKa3yje TayHOCT npenpubama 3a jeqHy TOJMHY IIpe cTedaja off
88,68%, omHOCHO 79,25% 3a nmBe roauHe mpe crevaja. Momen 3MUjeBCKOr MOKas3ao je
HEILTO Tpelnu3Huje npeasuhame Kaa je ped o jenHoj ToAuHu npe credaja ox 90,57%. 3a
JIBE TOJMHE Ipe CTedaja TauHOCT 3MHjEBCKHM MOJENa MCTa je Kao M KoJ AJTMaHOBOT
mozena (79,25%). Ilpumena AntmaHoBor Mojena Ha mpemyseha koja HHCy y credajy
MOKa3yje Jia je TA9HOCT MOJIea HIKa y OJHOCY Ha mpexnyseha y credajy, u 1o 3~ ckop
MOKa3yje MoropIiame (PHMHAHCH]CKOT TI0JI0Kaja UCIUTHBAaHKX npexy3eha y 2013. roquau y
omHocy Ha 2012. romuHy. Y OIHOCY Ha AJNTMAaHOB, MOJAEN 3MHjEBCKOT Mamu Opoj
npenyseha cBpcrasa y rpyiy npemyseha ca BehoM BepoBaTHONOM HacTymama cTedaja, Te
caMMM THM Mojenl uMa u Behy TadyHocT. [locmarpajyhm ykyman y3opak, MpocedHa
TayHoCcT AntMaHoBor 3” ckop Mozena u3Hocu 85,22% 3a nepuon 2011-2013. rogune, 10k
MoJien 3MHjeBCKOT TToKasyje Bely mpoceyny TayHocT o 89,62%.

AHanM30M 3HaYajHOCTH YTHIAja TOjeIMHUX KoepHIrjeHaTa Ha KOHAYaH pe3yaTaT
MoJieia M3BOJM ce 3aKJbydak Ja cy mpemyseha y CpOuju mmana mpobiaeM ca JITUKBHI-
Houthy, 3amyxxeHomhy u Hemoryhnouthy nospahaja ynoxeHuX cpeacTasa, MITO je JA0-
MPUHENO JoneM (UHAHCH]CKOM CTamy M MOKpETamy CTeYajHOr moctymnka. Mako oba
WCMUTHBaHA MOJIeNia TI0Ka3yjy BUCOKY Ta4HOCT MpenBHhama cTedaja, ayTopu Onary
HpeTHOCT J1ajy Kopuuihewy Moiena 3MHjeBCKOT.



