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Abstract

Having in mind various negative influences that corporate bankruptcy has on the
economy of the Republic of Serbia, corporate bankruptcy prediction is of extreme
importance. Therefore, the basic motive for writing this paper was an attempt to assess
the possibility of forecasting bankruptcy of business entities which operate on the
Republic of Serbia's market. We have calculated the already formed M-score, formed
based on the data from the financial statements of Serbian business entities. As a
comparison models, we have calculated the two most acknowledged Z-score models. The
randomly chosen sample consisted of 35 entities in bankruptcy and the same number of
non-bankrupt entities. The goal of the research was to reassess the relevance of the tested
models for a longer period, as well as their precision in the corporate bankruptcy prediction
in an unstable economic environment of the Republic of Serbia. According to the results,
the conclusion is that the tested M-score proved its precision in bankruptcy prediction in
Serbia, and its use is, therefore, recommended. On the other hand, the Altman’s Z-score
models do not have statistical relevance and hence we recommend that their use for
bankruptcy prediction in the Republic of Serbia should be with caution.

Key words: corporate bankruptcy prediction, financial indicators, Altman Z-score.

ITIOHOBHA IMPOIEHA MPOI'HOCTUYKE MORHU
MOJEJIA 3A TIPEJIBUBAILE CTEYAJA
Y PEIIYBJIMIIU CPBUJU

AncTpakT

Nmajyhn y Bumy pa3sHOBpCHE HEraTMBHE YTHIaje Koje Ha mnpuBpeny PemyOuike
CpOwuje nMajy mpuBpe/IHa IPYIITBA Y CTe4ajy, MpeaBUbame oacka y cTedaj IpuBpeaHIX
JpyIITaBa Off U3y3eTHe je BaxxHocTH. CTora, OCHOBHM MOTHB 3a IHCamb€ OBOT pajia Owo je
TMOKYIIIaj OLCH-HBamba COCOOHOCTH TNpesBHlamba CTEYajHOr MOCTYNKA Ha MPHBPEIHUM
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JpYIITBAMA Koja TMociyjy Ha Tpxumry PemyOmikxe Cp6uje. Ha cimydgajuo omabpaHoM
Y30pKy Of 35 IpUBpEIHUX JpyIITaBa y CTedajy W MCTOT Opoja ,,3ApaBuX’ IPUBPEIHNX
JpyIITaBa, M3padyHaau cMo Beh dopmupann M-pesynTar, Koju je npriiaroheH TpKUIITy
Penry6imnke CpOuje m 1Ba HajmozHaTHja Z-pesynTar Moiena. L{uss uctpaxuBama Owo je
HpOBEpa PEJICBaHTHOCTH NMOMEHYTHX MOJENa y JY)KeM BPEMEHCKOM POKY, Ka0 M HHBOA
NPEL3HOCTH TpenBrlama cTevaja y HecTaOMIHOM NPUBPEIHOM OKpYXemy PermyOmmke
Cpbuje. Ha ocHOBY m0OMjeHHX pe3ynTaTa, U3BEACH je 3aK/bydak [ia je TeCTUpaHu M-
pe3yiaTar Mojen MOTBPAMO CBOjY PENEBAHTHOCT 3a NpelBuljame OTBapama CTeYajHOT
HOCTyNKa Ha mojpydjy PemyOmixe CpOuje, ma ce merosa ymotpeba mnpernopydyje. Ca
Jpyre cTpaHe, ANTMaHOBH Z-pe3ysITaT MOJIEH HUCY y JOBOJBHO] MEpH NPEIH3HY, 1A ce
caBeTyje OMPE3HOCT MPH BUXOBO] YIOTPEOH.

KibyuHe peun: mnpensuhame cTeuajHOT NOCTYNKA, (GUHAHCH]CKHU TTOKA3aTEIbH,
ANTMaHOB Z-pe3yirarT.

INTRODUCTION

Although it has been quite a while since the world economies felt
the first impacts of the global economic crisis, corporate bankruptcy
figures show that the crisis has not loosened its grip on the economies of
European countries’. This relates to the situation in the Republic of
Serbia, as well, considering that in 2012 the highest bankruptcy rate was
noted at almost 8% (Coface, 2013). This rate was even higher in 2011,
around 15%, which could make Serbia the country with the highest
bankruptcy rate of all central European countries in the observed years.
Among other factors that undoubtedly influenced the number of bankruptcy
proceeding filings®; insolvency, indebtedness and unprofitability are, at least
partly, one of the reasons for increase in number of bankruptcy proceedings
being filed in the previous years. Therefore, it is very important to focus on
the financial indicators which could be a sign of a weakened financial
situation and possible bankruptcy of a business entity. In that manner, the
bankruptcy procedure could be initiated in time and thus the likelihood
that entity will continue to exist will increase. It is estimated that only
every tenth debtor in the Republic of Serbia submits a reorganization

! On the contrary, at the moment, the number of bankrupt companies rises not only in
Europe, but in the US, as well. In the first quarter of 2015, the number of corporate
bankruptcy filings has risen to the highest level in the last five years (Hals, 2015).

2 It would be a complex task to determine the exact impact of the global economic crisis
on the increase of bankruptcy filings in the Republic of Serbia. This is especially true if
we have in mind the specificities of Serbian economy. According to the public data of
the Bankruptcy Supervision Agency of the Republic of Serbia in the period from the
year 1995 to 2008, an insignificant number of bankruptcy proceedings was opened in
the commercial courts - only 1,214 (Bankruptcy Supervision Agency, 2015). However,
by the year 2014, that number has multiplied exponentially (4,030 total), which can be
ascribed to the influence of the economic crisis and unsuccessful business operations.
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plan, which is later adopted at the meeting of creditors (Mizdrakovic,
2012). In order for the bankruptcy debtor to be able to reinvest, reorganize
its debts and continue its business, it is necessary to predict and file for
bankruptcy in time. The main purpose of that process is to reimburse all
debts to bankruptcy creditors, minimizing, at the same time, the cost of the
procedure. That is not possible if the bankruptcy proceeding is not
predicted and opened at the exact moment when the bankruptcy estate is on
a level which enables the fulfillment of the basic goals of such a procedure.
Therefore, the use of precise corporate bankruptcy prediction models is of
great importance in the current market conditions®. The goal of this paper is
to reassess the accuracy of the already existing corporate bankruptcy models
on an independent sample consisting of the Serbian bankrupt business
entities, as well as the entities in good financial situation. The paper’s
contribution lies in the research results, which will provide us the evidence on
whether the use of the chosen models is acceptable for corporate bankruptcy
prediction in the Serbian market. Namely, most of the corporate bankruptcy
prediction models are based on the financial statements of the business
entities which operate in developed markets, so their application to the
Serbian market cannot be automatically considered as appropriate. Due to the
lack of Serbian literature on this subject, and the fact that a similar research,
at least to our knowledge, has not been conducted in the Republic of Serbia
in such manner, we believe that this paper will contribute in that field. The
paper is structured in the following way: in the first part, we shall address the
prolific literature from the area of corporate bankruptcy prediction; especially
the most frequently used corporate bankruptcy prediction models. The
second part deals with the methodology of the research sample choice and
the methods applied in the research. The last part of the paper presents the
research results and suggests further directions for model development.

LITERATURE REVIEW

Studies related to the bankruptcy prediction models can be divided
into two groups, those that used univariate and those that used multivariate
analysis. The first group of studies predicted the corporate bankruptcy by
analyzing the values of individual financial indicators. The first research of
this kind was done back in 1930 by the Bureau of Business Research (BRR).
This and the subsequent research (among others (FitzPatrick, 1932), (Smith
& Winakor, 1935), (Merwin, 1942), (Jackendoff, 1962)), which were
conducted in a similar manner from 1930 to 1965, indicated the individual
predicting power of the following indicators: (Net) Working Capital to Total

% The assumed probability of bankruptcy proceedings filings can serve as a good
instrument in a company’s management during a crisis, in favor of an increased success
rate of an eventual business turnover.
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Assets and Current Ratio (Bellovary, Giacomino, & Akers, 2007). In 1965,
Professor Beaver (1966) concluded that simultaneous analysis of multiple
financial indicators can increase the predictive power of bankruptcy
proceedings, which was the starting point for the "new era” in this field
(Beaver, 1966). Likewise, Beaver was one of the first who introduced
statistic models in the assessment of business entities’ financial position.
Therefore, he is one of the most prominent authors who contributed to
this field.

Edward Altman was the first author who conducted research based
on a combined effect of multivariate analysis in 1968. He was the first
that used a sample of 66 active business entities* and determined a set of
indicators, actually 5, which he named "Z-score". This model accomplished
an excellent 95% accuracy in forecasting the corporate bankruptcy a year
before it would be opened, and 72% for a period of two years before the
bankruptcy (Altman , 1968)°. Some time later, Altman and other authors in
published studies introduced two new versions of the original model. They
were named Z-score for private companies and Z”-score for industrial
companies and companies which operate on developing markets.

Z’ = 717X1 + 847X2 + 3.107X3 + .420X4 + .998X5 1)
77 = 6.56X1 + 3.26X2 + 6.72X3 + 1.05X4 @)

Where Xn represents the following:

X1 —Working Capital to Total Assets,

X2 — Retained Earnings to Total Assets,

X3 — Earnings before Interest and Taxes to Total Assets,
X4 — Book Value of Equity to Total Liabilities And

X5 — Sales to Total Assets.

From 1965 to this day, over 165 studies of this kind have been
conducted, but still, Altman's original Z-score model (and its variants)
remains dominant in forecasting corporate bankruptcy in the USA, and in
other states as well. However, it can be assumed that in the case of a
repeated test of the accuracy of these bankruptcy prediction models, their
precision would most likely not be the same as in the original research. The
main reasons would be: the characteristics of the model, the timeframe for
which the research is performed, as well as the characteristics of the sample
entities and the markets on which they operate.

For example, in one research conducted on companies from the
USA in period 1962-1999, the authors noted the impressive forecasting

* The sample is divided into two parts, 33 "healthy" and 33 companies in bankruptcy.

% The accuracy of prediction refers to the sample on which Altman based his model
while the test sample accuracy had a result of 79%. As it will be shown in the part with
the research results, the accuracy of the company samples from Serbia was around 72%.
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performance of Shumway's model as opposed to Altman and Zmijevski
(Chava & Jarrow, 2004)°. However, when business entities from developing
markets are the object of research, the Z-score model has shown good results.
In the research performed on the data of public companies which operate in
Sri Lanka, the accuracy of Altman's model one year before bankruptcy is
quite solid at 75%, 63% and 81% for the original formula and Z' and Z",
respectively (Samarakoon & Hasan, 2003). However, for a period of two
years before the opening of the procedure, the accuracy of the model drops
considerably, and it is the highest for the Z"-score at 68%. A recent study
which included 82 public companies from Colombo Stock Exchange from
Sri Lanka, for the period 2008-2012, shows similar results, where Altman's Z
and Z" have fewer Type | mistakes, as opposed to the Solvency Test and the
Springate model (Gunathilaka, 2014).

Likewise, Altman et al. conducted research which measured the
reliability of bankruptcy prediction probability of companies from Italy
(Altman, Danovi, & Falini, 2013). The research included 52 production
companies, part of which started the process of reorganization in the
period 2000-2010. The authors concluded that the implementation of the
Z"score model’ for the purpose of bankruptcy prediction of production
companies from ltaly is reasonable if the balance sheet figures were not
manipulated and under other assumptions. Altman and a group of authors, in
a currently unpublished paper, have analyzed the performance of the Z"-score
model in 32 European and 2 states outside Europe (Altman, lwanicz-
Drozdowska, Laitinen, & Suvas, 2014). The results showed that the accuracy
of the model differs according to the state in which it has been used. On
average, the model is 75% accurate in some markets while in others even
higher than 90%. However, in some states, models formed in those markets
have the highest accuracy (Altman, lwanicz-Drozdowska, Laitinen, &
Suvas, 2014). The authors described that the models formed on the tested
market have an advantage, because they include financial indicators
which are specific to those markets®.

® It should be noted that Shumway model belongs to the hazard models, as opposed to the
accounting-based models, such as Altman and Zmijewski. Authors mentioned here and
other authors claim that hazard models have an advantage in bankruptcy prediction in
comparison with the traditional accounting-based models (Bauer & Agarwal, 2014). The
fact that the hazard models include market indicators is their biggest flaw in their
implementation. The former is specifically true for the Serbian market, having in mind that
public companies make only 0.04% of the total number of companies.

"This is Altman's Z-score model which is intended for industrial companies and
companies which operate on developing markets. Having in mind that the Serbian
market is in growth, in this research we shall use the mentioned corporate bankruptcy
prediction model.

® Even though the mentioned research included the Republic of Serbia (accuracy of 74%),
it should be noted that the data used for Serbia was used only in the test sample, because
there were not enough observations. Therefore, the results should be taken with caution.
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Our intention in this paper is to compare the accuracy of Altman's
bankruptcy prediction model for developing markets with a model which
is formed on such a market. Biandyopadhyay (2006) had the same idea when
he compared the accuracy of bankruptcy prediction models, which he derived
analyzing 104 public companies from India. He discovered that the accuracy
of the newly formed model, on a hold-out sample for a period of two years
before bankruptcy proceedings, is around 68%, whereas Altman's model had
a result of slightly over 50% (Bandyopadhyay, 2006).

We will now provide the insight into the studies related to the
validity of the implementation of bankruptcy prediction models in the
Republic of Serbia. In the research conducted by Muminovi¢, Pavlovi¢ &
Cvijanovi¢ (2011), which included public companies listed on the stock
indices Belex and Belexline. The results showed that with certain limitations,
the original Z-score, Z'-score and Z"-score models are not reliable when used
for bankruptcy prediction in the Republic of Serbia. The authors pointed out
that the model intended for private companies showed much better results
when compared to the other two models, but nevertheless, the accuracy was
not satisfying (Muminovi¢, Pavlovi¢, & Cvijanovi¢, 2011). The same was
confirmed by recent research, which was primarily focused on the process
of revaluation and its effect on Altman's Z-score (Muminovi¢, 2013). The
already mentioned authors also tested Taffler's bankruptcy prediction
model and came to the same conclusion: that the model is not applicable
for bankruptcy prediction in the Republic of Serbia. The sample included
62 companies from the mentioned stock indices and the data was related
to the companies which filed for bankruptcy during 2009 and 2010
(Pavlovi¢, Muminovi¢, & Cvijanovi¢, 2011).

There is also the BEX (Business Excellence) index which is used
to measure a company‘s financial performance and possible gains and
losses measured by investor‘s multiplier and industry‘s risk ratings (Belak
& Alijanovi¢-Bara¢, 2008). The model is developed on Croatian publicly
owned companies. The group of authors from Serbia tested the relevance
of this model on the public companies from the Republic of Serbia. The
linear regression analysis of BEX index results in the 2008-2010 period
and net income in euros earned by Serbian entities indicated that there
was a moderate relationship between the BEX index in 2008 and net
income in 2010, as well as between BEX 2010 and net income in 2012
(Knezevi¢, Stanisi¢, & Mizdrakovi¢, 2014). Therefore, authors concluded
that the BEX index is not suitable as a good measure of performance
valuation to be used in the Serbian market.

It can be noticed that the models whose accuracy was assessed in
the mentioned research in the Republic of Serbia were not derived from
data from that market. To our knowledge, however, there is only one model
which was formed on the data of such companies. Namely, in research
conducted by Stanisi¢, Mizdrakovi¢ & Knezevi¢ (2013) on a sample of 232



1373

entities, whose results were presented in a paper called: "Corporate
Bankruptcy Prediction in the Republic of Serbia”, a bankruptcy prediction
model was derived for business entities which operate on Serbian market.
Out of 43 financial indicators, using logistic regression method, the following
formula for bankruptcy prediction was formulated (Stanisi¢, Mizdrakovi¢ &
Knezevi¢, 2013):

M =-.00039 X1 + .003786 X2 + .997167 X3 -1.900213 X4 (3)

Where Xn represents the following:
X1 - EBITDA

X2 — Number of employees

X3 — Debt ratio

X4 — Sales to total assets.

In the mentioned study, the authors noted that the newly formed
model provides the same, or at least, better results in bankruptcy prediction
when compared to Altman's Z-score models. The authors conclude that both
variants of Altman's original model (Z' and Z") are acceptable for corporate
bankruptcy prediction in Serbia.

Except for the last one, the above-mentioned research may suggest
that applying the models to time periods and industries other than those
used to develop the models may result in a significant decline in the
models' accuracies (Muminovi¢, 2013). Yet in most cases, the usage of
Altman's variants of the original formula is acceptable and gives good
results all over the world. Therefore, in this paper, we shall test the
accuracy of bankruptcy prediction of the M-model, formed for the Serbian
market, as the only one of its kind, and the Z' and Z"-score models, which
have been proven as applicable for implementation on developing markets.
What distinguishes this research is the reassessment of a corporate
bankruptcy prediction model formed on the market on which its accuracy
is being tested, as well as other models intended for usage on markets
which are similar to the tested one in its characteristics.

At the end of the literature review section, we would like to note that
the method called Discriminant Analysis was mostly used in similar studies
for the classification of entities into bankrupt and non-bankrupt ones®. The
main advantage of this method over ANN is the understanding of the
contribution of every variable in bankruptcy predicting. Discriminant
Analysis (Logistic Regression) indicates which financial indicators have

® This method was the most common in studies performed in this field up to the year 2007.
But if we look only at the period 1990-2007, almost half of the studies used the Neural
Networks method - Artifical Neural Networks (ANN) (Bellovary, Giacomino, & Akers,
2007). The same authors point out that this method is also the most accurate one in
bankruptcy prediction.
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more significance in bankruptcy predicting, as opposed to ANN, where the
procedure of determination of bankruptcy occurrence probability and
classification of entities as sound and bankrupted ones is less prominent
(Stanisi¢, Mizdrakovi¢ & Knezevi¢, 2013). Likewise, one of the most recent
methods is the spline model which improves the predictive power when
introducing spline functions to take account of highly nonlinear relationships
between firm failure and leverage, earnings, and liquidity in a logistic
bankruptcy model (Giordani, Jacobson, Schedvin, & Villani, 2014).

RESEARCH METHODOLOGY

This research required financial statements of the bankrupt and
non-bankrupt entities, so that, on the basis of the calculated financial
indicators and the models used, we could classify the sample entities into
these two groups. The data about the entities in bankruptcy were obtained
from the Bankruptcy Supervision Agency of the Republic of Serbia. Namely,
from January 1 to December 31, 2012, total of 2.410 corporate bankruptcy
proceedings were filed, qualifying those proceedings for our research sample.
However, only 35 of them had complete financial statements for the three
reporting periods before bankruptcy available to the public on the internet site
of Serbian Business Registry Agency. The remaining number of legal
entities included small legal entities or entrepreneurs (now micro-legal
entities), which at that moment did not have the obligation of preparation of
complete set of financial statements (Balance Sheet, Income Statement,
Statement of Cash Flows, Statement Of Changes in Equity and Notes). The
sample for the models whose accuracy we are testing in this paper, the M-
score and the Z' and Z"-score models, was also formed based on medium and
large legal entities, while the small ones were not included, for the already
mentioned reason. The non-bankrupt entities (35 of them) for our research
were randomly chosen out of the total number of large and medium legal
entities which operated in the Republic of Serbia in the year 2012. This
sample did not include financial institutions, banks, and insurance companies
since they have different business regulations and different bankruptcy
proceeding process.

Financial statements for last three reporting periods were acquired
for the sample entities. Based on the date of the bankruptcy proceedings
filing, a set of financial statements corresponding to the period of two years
prior to the proceedings was chosen for each entity. That was done because
the goal of the research was to reassess the accuracy of bankruptcy prediction
models in a period of two years before the bankruptcy proceedings, which is,
after all, their original purpose. The M-score and all versions of Z-score refer
to the period of two years before the bankruptcy.
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Table 1. Entities included in training and test sample split

per their core activities

Industry Bankrupt Non-bankrupt Total Percentage
Agricultural production 4 3 7 10.00%
Food production 7 1 8 11.43%
Drink production 1 0 1 1.43%
Textile production 0 1 1 1.43%
Wood processing and wood products 0 1 1 1.43%
The production of coke and refined 0 1 1 1.43%
petroleum products

The production of chemicals and 1 1 2 2.86%
chemical products

Manufacture of basic pharmaceutical 2 0 2 2.86%
products and pharmaceutical

preparations

Rubber and plastic products 1 0 1 1.43%
production

Manufacture of other non-metallic 2 2 4 5.71%
minerals

Basic metals production 1 0 1 1.43%
Fabricated metal products, except 1 3 4 5.71%
machinery and equipment

Electrical equipment production 1 1 2 2.86%
Manufacture of motor vehicles, 2 0 2 2.86%
trailers, and semi-trailers

Transport equipment production 1 0 1 1.43%
Furniture production 1 2 3 4.29%
Electricity, gas, steam and air 0 1 1 1.43%
conditioning supply

Waste collection, treatment and 0 1 1 1.43%
disposal activities; materials recovery

Construction of buildings 3 0 3 4.29%
Construction of other buildings 2 2 4 5.71%
Specialized construction activities 1 2 3 4.29%
Wholesale and retail trade and repair 1 0 1 1.43%
of motor vehicles and motorcycles

Wholesale, except of motor vehicles 0 5 7.14%
and motorcycles

Retail trade, except of motor vehicles 0 3 3 4.29%
and motorcycles

Land transport and transport via 0 1 1 1.43%
pipelines

Accommaodation 0 1 1 1.43%
The activity of preparing and serving 0 1 1 1.43%
food and drinks

Publishing activities 1 0 1 1.43%
Holding companies' activities 2 1 3 4.29%
Scientific research and development 0 1 1 1.43%
Total 35 5 0 100.00%

Source: Authors’ data
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The next step was to calculate the values for the tested bankruptcy
prediction models. Prior to that, however, the value of the balance sheet
items was converted into euros, a currency more stable than the reporting
(national) currency. The financial ratios were mostly calculated based on
the financial statements for the reporting period of 2010. Having
calculated the absolute values of the M-score and Z' and Z"-score models,
with the purpose of distinguishing non-bankrupt entities from those in
bankruptcy, we also calculated the implied bankruptcy probability of the
sampled entities. We assumed that the prediction model recognized
entities as bankrupt if they had the implied probability higher than 50%.

RESEARCH RESULTS AND DISCUSSION

By using the bankruptcy prediction model, two kinds of mistakes
can arise. Namely, the model may classify a healthy entity as a company
in bankruptcy, which would be a Type | error. As for the creditors and the
stakeholders of the business entity, the damage caused by the Type | error
would lead to the respective entity not establishing cooperation with
financial institutions or other stakeholders (unapproved loans, the value of
goods or products, which would not be realized, etc.). On the other hand, if
a model recognized bankrupt entity as a healthy one, it would lead to a
Type Il error. Damage caused due to incorrect classification would be
"more expensive" in comparison to the Type | error, since the creditor or
investor would lose the invested capital. The best model would be the one
which would not make Type | and Il errors; however, a model can be either
specific (the participation of healthy entities which are classified that way)
or sensitive (the participation of entities which are in bankruptcy and are
classified that way). It should be noted that the accuracy of the model is
influenced by the frequency of the observed phenomena, and not only by
its characteristics. In the table that follows, we have shown the accuracy of
the tested models from the aspect of the error type which they made
classifying the entities into those in bankruptcy and those which are not.
The observed period is two years before the entities filed for bankruptcy.

Table 2. Precision of tested models two years before the bankruptcy

Error M-score % Z'-score % Z"-score %

Type | 12 34.29% 4 11.43% 10 28.57%
Type Il 6 17.14% 23 65.71% 20 57.14%
Total 18 25.71% 27 38.57% 30 42.86%

Source: Authors’ data

It can be noticed that Altman's Z-score models make more Type 1l
errors whereas, with the Serbia-based model, the situation is opposite. That
would mean that the M-score recognizes bankruptcy in entities which are
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officially not in bankruptcy. This may be a good basis for further research.
Namely, considering the fact that a great number of entities in the Republic
of Serbia actively operate with very bad results and negative capital, the
model is expected to recognize, among the seemingly healthy entities,
those, which, in reality, should be bankrupt. On the other hand, Altman's
models do not recognize the poor state of the entities which are officially in
bankruptcy and consider them as healthy ones. The explanation for this
type of error could be the fact that the second Altman's model was based on
entities in developing countries, so it is more cautious when evaluating the
poorer results of Serbian entities. Finally, there are always present problems
of modern financial reporting which have disrupted the relationship
between the important qualitative characteristics of accounting information
and has violated some of the fundamental accounting principles, such as
usage of fair value accounting (Todorovi¢ & Panteli¢, 2014).

The calculated data was processed in the statistical software package,
SPSS, and the results will be shown graphically and by table. In order to
check the applicability of the mentioned methods, we have shown them by
the ROC (Recovery Operating Characteristic) curve. This curve shows the
ability of a method to notice the observed phenomena, in our case, the fact
that observed entity is in bankruptcy. The surface below the ROC curve, or
the AUC (The Area under the Curve), often called the concordance index,
can be used to evaluate the accuracy of the tested model. Using the ROC
curve, we provide a graphic representation of the level of likelihood that the
tested model may arbitrarily show whether the observed phenomenon
exists or not. Likewise, by using this tool we can compare the models being
tested and in that way facilitate the choice between them. The reference line
is set at an angle of 45 degrees and all the curves above the reference line
are considered relevant for phenomenon prediction. If all the curves are
below the reference line, the models have the same possibility of arbitrary
prediction. In the graph No. 1 we have shown the ROC curves for the tested
models.

Observing the figure above we can notice that the three formulas
applied to the test sample have led to the curves forming above the
reference line. The further away the curve is from the reference line, the
more accurate the prediction model is. As seen in the graphic, the formed
M-score model is the furthest from the reference line, and can thus be
considered the most accurate for the tested sample.

All the methods applied in the research are much better at
classifying the business entities into the mentioned groups than a random
classification. The table above shows the results of model comparison,
where, as with the already shown graph of the ROC curve, it can be
noticed that the M-score takes about 75% of the surface, followed by the
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Figure 1. Precision of the tested models on the ROC curve

Table 3. Area under the curve for the tested models

Asymptotic 95%
Asymptotic Confidence Interval
Tested Models Area Std. Error Significance  Lower y Bound
Bound pper Boun
M-score 0.743  0.061 0.000 0.624 0.862
Z’-score 0.614  0.068 0.100 0.482 0.747
7>’-score 0.571  0.069 0.304 0.437 0.706

Source: Authors’ data

Z'-score at 61.4% and the last is the Z"-score with approximately 57%.
Depending on the characteristics of the sample, the accuracy of the M-
score model varies from 62.4% to 86.2%. This suggests that in the
repeated research, or by using the model in practice, this model would be
accurate in that range. The table above also shows that the M-score is the
only one which is statistically relevant, with a value below 0.05, whereas
other models are below that threshold.

19 1 we were to add up the mentioned percent to the total error percentage from table

2, we would get 100%.
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CONCLUDING REMARKS

The accuracy of the bankruptcy prediction models is of great
importance for their further use in practice. Namely, the accuracy of a
model will depend on the specificity of the sample on which it was
derived. Therefore, it might happen that the model is over-fitted, which
will result in a poorer accuracy in further use. In this paper, we collected
financial statements of 70 entities for the corresponding periods, out of
which half were in bankruptcy. We wanted to test the accuracy of
Altman's Z' and Z"-score models and the M-score model which was
formed on the entities from Serbia. Even though Altman's second model
was intended for developing markets, such is Serbian; it was still
expected for the M-score to have better accuracy. The results of the
research show that the usage of the M-score model is acceptable since it
had statistical significance and the accuracy degree of 74.3%. Altman's
models, as the previous studies from the Republic of Serbia previously
discussed in this paper, are not statistically relevant. Therefore, their
usage is questionable. Nevertheless, it is important to note that the Z'-
score had better accuracy results than the other model and that in further
usage its accuracy would be from 48.2 to 74.7 percent. By comparing the
results of this research with the original research in which the M-score
was formed, we can notice that the accuracy of the model decreased from
80% to 74% but also that the accuracy of Altman's models drastically
decreased as well, and in the mentioned research they did have statistical
relevance (Stanisi¢, Mizdrakovi¢, & KneZevi¢, 2013). The results of this
research should be taken with caution, having in mind that the financial
statements which were used were for the year 2010 (because for most of
the bankrupt entities the proceedings were opened in 2012) and that in
that year the entities of the Republic of Serbia had poorer results due to
the economic crisis and a generally weaker state of the economy.
Likewise, we should have in mind that the results of the research would
be different had the sample of entities been larger. Also, the sampled
entities originate from different industries which have certain specificities
and characteristics. Therefore, it would be interesting to assess the
prediction quality of the tested models on the entities from single or akin
industries, like tourism or tourism and hospitality. The greatest obstacle
in forming models for certain industries is the lack of information on
bankrupt entities. Namely, financial statements of at least 30 bankrupt
entities are needed for the training sample and an additional number for
the test sample. However, by increasing the research time frame this
problem could be circumvented and new models, suitable for certain
industries, could be formed.
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ITOHOBHA IMTPOLHEHA MTIPOI'HOCTUYKE MOKRH
MOJEJIA 3A ITIPEJIBUBAILE CTEYAJA
Y PEIIYBJINIIA CPBNJA

Byuaie Mnmpaxosnhl, Munena Boknh?
1YHI/IB6p3I/IT€T Cunrupynywm, [locnoBau dakynrer beorpan,
JemapTMmaH 3a pauyHOBOACTBO U peBu3njy, CpOuja
zyHI/IBep3I/ITeT Cunrunynym, [locnoBuu ¢axynrter Humry,
JlenapTmaH 3a pauyHOBOJICTBO ¥ peBusHjy, Cpouja

Pe3ume

CrabunaH M 31paB pa3Boj NPUBPEZE jeIHE Ap)KaBe HE MOXE CE 3aMUCIUTH Oe3
cTedaja MPUBPEJHMX APYIMITaBa. THM IOCTYIIKOM, YKOIIHKO C€ CIIPOBEE Y OATOBapajy-
hem MomeHTy, BpIH ce ociobah)arme yIoKeHOT KaluTalla U BeroBa peIicTpHOyIija Ka
MPUBPETHAM APYIITBAMA KOja MMajy 00JbY HOCIOBHY M (DMHAHCH]CKY CTpaTerujy. Me-
hyTuM, cTedyajHM MOCTyHaK MOXe M3a3BaTH BHCOKE TPOIIKOBE M MMATH HETaTHBHE IIO-
cnemuie no  ¢uHaHCHjcku cekTop. Crora je MoXKeJbHO Jia yIpaBe NPUBPEIHNX JPYIITaBa
PEIOBHO MPOLIEHY]Y U3JI0KEHOCT CTEYajHOM PH3HUKY U JIa IPABOBPEMEHO CTPATEIIKUM OJI-
JyKama yTH4y Ha HeroBo cMameme. [Ipensuljame creyajHor nocrymnka nomohy ¢una-
CHjCKHX TIOKa3aresha MMa 0oraTty MCTOPH]Y M TIOCTOjU BEIMKH OpOj MOJesa KOjH HX KO-
pucre. Y 0BOM pajly CMO TOKYIIAIM Jia Ha MOAAIiMa O MPUBPEIHIM JIpYIITBIMA U3 Pe-
nmyommke CpOuje OIeHMMO CIOCOOHOCT mpenBuhama CTeYajHOT IOCTYNKA KOjy HMajy
TakBU Mozenr. Hajrmo3Hatuju mojenu 3a npensuljame CTEUajHOT MOCTYIKA jeCy MO
npodecopa Enpapna Anrmana. Ha cimydajHO omaGpaHoM Y30pKy o 35 mpuBpemHHX
JpyIITaBa y creqajy M ucTor Opoja ,,3apaBux’ NPUBPEIHUX JPYIITaBa M3padyHAIH CMO
Beh dopmupanu M-pesynTar, Koju je mpriaroher tpxxuiuty Pemy6mke CpOuje, u asa
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AntMmaHOBa Z-pe3ynrar Mojena. Llns ucrtpakuBara jecte mpoBepa peieBaHTHOCTH MOMe-
HYTHX MOJIeJIa y JTy’KeM BPEMEHCKOM POKY, Kao M HHBO IPEIM3HOCTH IpenBulama credaja
Y Pa3HOJIMKOM IIPUBPEIHOM OKpyxkemy Peryomike Cpouje. Ha ocHOBY mobujennx pesyi-
Tara, OJXHOCHO YTBph)eHe CTAaTHCTHUKE 3HAYajHOCTH, M3BE/ICH j€ 3aK/bydaK Jia TeCTUpaHH
M-pe3ynTar jecte peneBaHTaH 3a IpenBHhame OTBapama CTEYajHOT IMOCTyNKa. 3
MPETXOAHOT 3aKJbYy4dyjeMo Ja je mpeasulame credajHor nocrynka y Pemyomuim CpOuju
PENaTHBHO MOY3aHO U TOPE HECTAOMITHOT TP)KUILHOT OKpYXerwa. Mehyrum, Z-pesyntar
MOJIENI HUCY TIOKA3aJli Taj CTENEH MPEHU3HOCTH, Beh He Mocelyjy CTaTUCTUYKY 3Hauaj-
HocT y npenpubamy credaja. Mnaxk, npenusHocr M-pesynrtar Mozena He n3HeHabyje (Mo-
ke ce pehin 1a je ouexnBana Oma u Beha), mmajyhy y Buay 11a je Mozen popMHUpaH Ha To-
JaryMa o MOCNIOBamky IPUBPEIHUX ApyiuTasa u3 Pemyoimke Cpouje.



