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Background/Purpose: The aim of this paper is to verify the applicability and accuracy of the Altman model in the
case of Slovenian companies. The use of the Altman model is hugely popular and widespread among financiers,
analysts and other stakeholders who want to determine the creditworthiness of a company’s operations and the
likelihood of it running into financial difficulties in the coming years.

Methods: The study was conducted on a sample of 66 Slovenian companies, which were divided into two equal
groups: bankruptcy and non-bankruptcy companies. Based on accounting data for the last five years, the authors
of this paper calculated the Z-Score, which is based on the Multiple Discriminant Analysis (MDA). By calculating
the statistical error of the estimate (type | and Il), the authors verified the extent (in percentage terms) to which the
companies had been correctly classified by the model. The Mann-Whitney U test was used to check whether there
was a difference in the average Z-Score between the two groups of companies.

Results: The authors determined that the reliability of the Altman model was 71.21% when tested at the upper bound
(the threshold value of the Z-Score was 2.6) and 80.30% when tested at the lower bound (the threshold value of the
Z-Score was 1.1). This is similar to other countries, where the reliability was found to be over 70% in most cases. De-
spite the lower reliability of the model, the Z-Score proved to be an important factor in differentiating between the two
groups of companies, as bankruptcy companies had a lower value of this indicator than non-bankruptcy companies.
Conclusion: Based on the results of this study, as well as those of other studies, it can be summarized that the Al-
tman model is a fairly good way for companies to determine the success of their business in a relatively simple and
quick way and also to predict the potential risk of their operations in the future. However, since the reliability of the
model is not 100%, it is important to be careful when making business predictions and carry out additional in-depth
analyses or use other methods.
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self . Some companies operating within a certain period of
time are forced to fail to fulfill their obligations or be lig-
uidated, due to financial difficulties (Martini et al., 2024).
Reasons for the termination of a company’s activities may
vary. One of the most common reasons is financial dis-

1 Introduction

Each company has its own lifespan during which vari-
ous ups and down occur. Some companies have a tradition

dating back more than 100 years, while others cease their
business activities after only a few years. In the short term
the company aims to maximize current profits, while in the
long term it aims to increase the value of the company it-
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tress, which manifests itself in insolvency and can subse-
quently lead to bankruptcy. Bankruptcy is a problem that
can occur in a company if the company cannot maintain
the stability of the company’s performance. Bankruptcy
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is a condition when a company suffers from insufficient
funds to run its business (Yuna et al., 2020). In this case, it
is highly important to be able to predict such an event and
take appropriate measures in order to mitigate the conse-
quences. The prediction of business distress and creation
of a model that could predict financial distress with a suf-
ficient degree of probability started as early as the end of
1930s, when the first research on the topic was carried out,
mainly for banks to assess the creditworthiness (Fitzpat-
rick, 1932). Charles L. Merwin (1942) published a study
on the prediction of financial distress, which held primacy
in the field until 1966, when Beaver published a new study
that was carried out on a sample of 79 companies that had
gone bankrupt in the period between 1954-1964 (Beaver,
1966). The focus of this early studies was on the analysis
of financial ratios in order to find financial indicators able
to predict business failure (Bogdan et al., 2021). All these
studies were based on a univariate statistical analysis, as
they merely compared the successful companies with the
unsuccessful ones. Nevertheless, they were still important,
as they provided a good basis for all the subsequent stud-
ies, which were based on multivariate bankruptcy predic-
tion methods. The first such study, which was based on
discriminant analysis, was published in 1968 by Edvard 1.
Altman who developed a five-factor model for predicting
bankruptcy of manufacturing companies listed on a stock
exchange. The model predicted bankruptcy if the Z-Score
value was lower than the critical value. The model was
later extended by adding two new versions, namely for
non-producing and unlisted companies. The Altman mod-
el has thus become one of the most recognized models for
predicting a company’s financial distress and is used by
various companies, credit rating agencies, financial ana-
lysts and the like (Altman, 1968).

In the 1950s, predicting problems in the operations of
companies and the possibilities of forecasting their bank-
ruptcy also became an increasingly pressing issue in Slo-
venia, specifically in the banking, business and scientific
spheres. Slovenia experienced its first bankruptcy at the
end of 1990s, when it was still part of the former Yugosla-
via. From then on, assessing the creditworthiness and pre-
dicting the bankruptcy of a company has not only become
important for creditors, but also for owners, suppliers,
customers, employees and other shareholders. The study,
which Altman et al., (2014) conducted based on 35 coun-
tries, also included a sample of companies from Slovenia
(n=41). The analysis in this study shows that while a gen-
eral international model works reasonably well for most
countries, with prediction accuracy levels (AUC - Area
Under the Curve) of about 75% (72% for Slovenia), and
exceptionally well for some (above 90%), the classifica-
tion accuracy may be considerably improved with coun-
try-specific estimation, especially with the use of addition-
al variables (Altman et al., 2014).

The aim of this paper is to test the usefulness of the
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Altman model for the prediction of bankruptcy of Slove-
nian companies (n=66), in a similar way to the studies that
were carried out in other countries, including Slovakia
(Vavrek et al., 2021), Sweden (Charraud & Garcia Saez,
2021), Croatia (Galant & Zenzerovi¢, 2023; Bogdan et
al., 2019), Romania (Grosu & Macsim, 2019), Italy (Cel-
li, 2015), Indonesia and Singapore (Muzanni & Yuliana,
2021), Turkey (Cindik & Armutlulu, 2021), Greece (Kok-
koris & Anagnostopoulou, 2016) and other. Some authors
only conducted studies on a specific industry, e.g. banking
(Kokkoris & Anagnostopoulou, 2016), agriculture (Vavrek
et al., 2021), pharmaceuticals (Panigrahi, 2019) and coal
mining (Mulyati & Ilyasa, 2020), while others were not
limited solely to a specific industry but included compa-
nies from the entire economy. These are just a few exam-
ples; in various countries, hundreds of studies can be found
using the model. Some resulted in favor of the validity of
the Altman Z-Score model, while others revised the model
or offered more state-of-the-art technology-added methods
(Cmdik & Armutlulu, 2021).

2 Theoretical Background

Financial distress is defined as a condition in which a
company had negative net income for several consecutive
years (Hofer, 1980; Whitaker, 1999). Hopwood, McKeown
& Mutchler (1994) stated that financial distress occurs
when negative working capital, operating losses and nega-
tive retained earnings occur simultaneously. Despite these
two definitions, a financial distress signal can also be seen
from a company’s financial statement. Brigham and Gap-
enski (1997) split the definition of financial distress into
several types, namely economic failure, business failure,
technical insolvency, insolvency in bankruptcy, bankrupt-
cy and legal. Financial distress occurs prior to bankrupt-
cy. Bankruptcy itself is usually defined as a situation in
which companies fail or are no longer able to meet their
obligations to the debtors because they are experiencing
a shortage and insufficiency of funds (Ningsih & Filtri
Permatasari, 2018). It is important to understand the dif-
ference between insolvency and bankruptcy, because the
two terms are often confused. A company can be insol-
vent without being bankrupt, however, a company cannot
be bankrupt without being insolvent. First, insolvency can
be defined as the inability of a company to pay its debts in
time, to counter this problem a company can borrow mon-
ey from a bank, which will put the company in economic
distress (Charraud & Garcia Saez, 2021).
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2.1 Theories Examining Financial
Distress

Theories that examine financial distress can be divided
into two groups. The first consists of those theories that
examine the causes or reasons of financial distress. Ac-
cording to Charraud and Garcia Saez (2021), these are the
following: liquidity theory, solvency theory, pecking order
theory, profitability theory, cash flow theory and the conta-
gion effect. The second group includes more recent theo-
ries on which models that predict a company’s bankruptcy
are based. According to Aziz and Dar (2004), these are as
follows: entropy theory, gambler’s ruin theory, cash man-
agement theory and credit risk theory. These are discussed
in more detail below.

a) Balance Sheet Decomposition

(BSDM) / Entropy Theory

One way of identifying a company’s financial distress
could be a careful look at the changes occurring in its bal-
ance sheets. [f a company’s financial statements reflect sig-
nificant changes in its balance sheet composition of assets
and liabilities over a reasonable period of time, it is more
likely that the company is incapable of maintaining a state
of equilibrium. Since these changes are likely to become
uncontrollable in the future, it is possible to predict finan-
cial distress in these companies (Aziz & Dar, 2004).

b) Gambler’s Ruin Theory

This probability-based theory, developed by Feller
(1968), states that a gambler’s capacity to win or lose mon-
ey depends on chance. The theory assumes that the bettor
commences gambling with a positive amount of cash (In
the context of a company’s financial distress, the company
would take the place of a gambler. Like the gambler, we
assume that the firm has a certain amount of cash that is
constantly entering and existing the firm as it conducts its
operations (Francis, 2022).

¢) Cash Management Theory

An imbalance between cash inflows and outflows
would mean failure of a company’s cash management.
Persistence of such an imbalance may cause the company
financial distress and, hence, failure (Aziz &Dar, 2004).
To avoid financial difficulties and subsequent insolvency,
business should place a strong emphasis on proper cash
management (Francis, 2022).

d) Credit Risk Theory

The credit risk theory is closely related to the Basel
I and Basel II' Accords, which mostly refer to financial
companies. Credit risk is the risk that a borrower/coun-
terparty will default, i.e. fail to repay an amount owed to
a bank. Credit risk includes all of the counterparties and
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reasons for which they may default on their obligations to
repay (Aziz & Dar, 2004).

2.2 Models for Predicting Company
Bankruptcy

Throughout history, a large number of models for
predicting bankruptcy have been developed using vari-
ous quantitative methodologies, from simple regression
modeling to very complex methods (Galant & Zenzerovic,
2023). In practice, the Altman model (1968) has been the
most widely used, and has also been the basis for other
models, such as the Springate model (1978), the Ohlson
model (1980), and the Zmijewski model (1984). The
main difference between them lies in the methodological
approach; while Altman used the MDA (Multiple Dis-
criminant Analysis), Ohlson’s model is based on logistic
regression and Zmijewski’s on probit analysis. In 1991,
Peter Kralicek developed a model for German-speaking
countries called the Kralicek Quick Test (Kralicek, 1991).
Unlike the Altman model, which incorporates static indi-
cators, the Kralicek Quick Test includes both dynamic and
static indicators and is most commonly used in Germany,
Switzerland and Austria (Sverko et al., 2017). The advan-
tage of using all the above-mentioned models is the ability
to quickly and simply assess a company’s financial posi-
tion, while the disadvantage is the limited accuracy of the
forecasting assessment.

2.2.1 The First Altman Model (Z’)

The original Altman model of 1968 included a sample
of 66 American companies, of which 33 (half) went bank-
rupt, while the other half did not. The chosen companies
came from the manufacturing industry, they were medi-
um-sized and listed on the stock exchange in the period
1946-1965 (Altman, 1968). For all the companies, Edvard
I. Altman obtained financial statements and calculated 22
financial indicators relating to profitability, indebtedness,
liquidity, activity and solvency (Alcalde et al., 2022). By
using the MDA, he modelled these 22 indicators into five
variables and developed a Z-Score model to predict wheth-
er or not a company would go bankrupt. The Z-Score mod-
el is a linear analysis, which uses five measures that are
objectively weighted and summed up to arrive at an over-
all score that then becomes the basis for classification of
companies into one of the a priori groupings: bankruptcy
and non-bankruptcy (Altman, 2013). The model has the
following form:

'Basel is a set of international banking regulations established by the Basel Committee on Banking Supervision (BCBS). It pre-
scribes minimum capital requirements for financial institutions, with the goal of minimizing credit risk (https://www.investopedia.

com/terms/b/basel i.asp).
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Z=1.2%1+1.4%+ 3.3 x5 +0.6 x4 +0.999 x5 (1)

where:

X1 = Working capital/Total assets

X2 = Retained Earnings/Total assets

X3 = EBIT (Operating income)/Total assets

X4 = Market value of equity/Book value of total lia-
bilities

X5 = Sales/Total assets

Z’ = Overall Index

The higher the Z-Score, the lower the risk of a compa-
ny going bankrupt. Altman developed three zones: the safe
zone, the grey zone and the distress zone. The safe zone
(Z > 2.99) means that the company is in a good financial
position and that it is not likely to go bankrupt in the next
two years. The grey zone (1.81 < Z < 2.99) means that
the company has financial difficulties, but the possibility
of being saved and going bankrupt is just as great depend-
ing on the company’s policy decisions. The distress zone
(Z < 1.81) means that the company is in serious financial
difficulties and that there may be a solvency issue or the
possibility of bankruptcy of the company in the following
two years (Altman, 2013).

2.2.2 The Second Altman Model (Z’)

Since this original Altman model was only intended for
the manufacturing companies listed on the stock exchange,
it was later revised. In 1983, Altman developed a new
model (Z’), which was designed for companies not list-
ed on the stock exchange. In light of this, he replaced the
market value of the capital with the book value in the nu-
merator of the x4. variable. The other variables remained
the same as in the original model. In this revised model,
Altman also changed the constants in individual variables
and slightly lowered the values of the intervals according
to the bankruptcy prediction. This model has the following
form (Altman, 1983):

Z'=0.717 x1 + 0.847x3 + 3.107xa + 0.420x4 + 0.998xs (2)

Due to the change in the discriminant of the function,
the intervals for the classification of companies into a rel-
evant zone have also been changed: a value of Z’ > 2.9
represents the safe zone, values in the range 1.23 < Z’ <
2.99 mean the grey zone and the values of Z’ < 1.23 fall
into the distress zone (Altman, 1983).

2.2.3 The Third Altman Model (Z2”)

The third modification of the Altman model originates
from 1995 and is called the Emerging Market System
(EMS) or the Z” and can be applied to both manufacturing
and non-manufacturing companies (Altman, 2005). Unlike
the revised model above (Z’), this model only includes the
first four variables. Altman omitted the fifth variable (x5)

7" = 6.56x1 + 3.26% + 6.72x3+ 1.05 xs (3)

due to the possible influence of the activity on the value
of the dependent variable. He also changed the constants
of the variables, which are higher than in the previous two
models. The advantage of this model is it is also suitable
for companies not listed on the stock exchange and for the
companies engaged in non-manufacturing activities. This
model was also used in our study and takes the following
form:

where:

X1 = Working capital/Total assets

X2 = Retained Earnings/Total assets

X3 = Operating income/Total assets

X4 = Book value of equity/Total liabilities

Z’ = Overall Index

In this case, too, the values of the intervals for the clas-
sification of companies into zones have lowered because
of the changed discriminant function: a Z” > 2.6 value
means the safe zone, values in the 1.10 < Z’ <2.60 range
represent grey zone and values of Z”” < 1.10 mean the dis-
tress zone (Altman, 2005).

3 Methodology

The study was carried out in three steps. First, the au-
thors created a study sample, which was then stratified into
two groups — the first stratum included companies that had
gone bankrupt or into liquidation in the past (hereinafter
referred to as ‘bankruptcy companies’), and the second
stratum consisted of companies that were still in business
(hereinafter referred to as ‘non-bankruptcy companies’).
A random sampling was carried out within the stratum,
whereby each of the two stratums included 33 companies,
thus resulting in a total sample of 66 companies. The data
were obtained from AJPES?.

The second step involved obtaining data for every
company from its financial statements (balance sheet and
profit and loss account) for the last five years of its op-
erations (the five years preceding insolvency proceedings

2 AJPES manages the Slovenian Business Register as a central public database for all business entities, their subsidiaries and
other organization segments located in Slovenia that are engaged in profitable or non-profitable activities (https://www.ajpes.

si/?language=english).
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for the unsuccessful companies and the last five years of
operation for the successful companies), i.e. from 2017
to 2022. The source of the data was the Slovenian credit
rating agency BIZI.si, which provides access to financial
statements (balance sheet and profit and loss account) for
each company for previous periods.

In the third step, the third Altman Z-Score model (Z’*)
was applied, which is based on MDA. The MDA is a sta-
tistical technique used to classify an observation into one
of several a priori groupings dependent upon the observa-
tion’s individual characteristics (Altman, 2013). It is used
primarily to classify and/or make predictions for problems
where the dependent variable appears in qualitative form,
for example, male or female, bankrupt or non-bankrupt.
In its most simple form, MDA attempts to derive a linear
combination of the characteristics that ‘best’ discriminate
between the groups. If a particular object, for instance, a
corporation, has characteristics (financial ratios) that can
be quantified for all of the companies in the analysis, the
MDA determines a set of discriminant coefficients (Alt-
man, 2013).

The aim of this study was to build a model that best dis-
tinguishes between bankruptcy and non-bankruptcy com-
panies on the basis of four independent variables (calculat-
ed on the basis of data from financial statements). Using
financial statement data for the last five years, the authors
first calculated the average value for all four independent
variables (x1, x2, x3 in x4), which we then weighted with
the suitable factors and calculated the value of the depend-
ent variable Z” on the basis of equation 3. Based on the
value of Z”, the companies were divided into three zones,
which show the likelihood that a company would go bank-
rupt in the future. Figure 1 shows the conceptual model of
the research.

The main purpose of the study was to test the usability
of the Altman model in the case of Slovenian companies.
In doing so, the authors formed the following two hypoth-

eses:

H]I: There is a significant difference in the value of the
Z”-Score between bankruptcy and non-bankruptcy com-
panies.

The authors predict that bankruptcy companies will
have a lower Z”’-Score value than non-bankruptcy compa-
nies. Our hypothesis is established on the theoretical start-
ing points, which explain the reasons for the bankruptcy
and represent the basis for the creation of independent
variables in the Altman model. These refer to profitability,
indebtedness, liquidity, activity and solvency. Higher val-
ues of the independent variables are also associated with a
higher Z”-Score value, which could thus distinguish be-
tween bankruptcy and non-bankruptcy companies.

H?2: The Altman model will correctly classify at least
75% of companies.

The Altman model is relatively simple and allows for a
quick assessment of the performance of companies. How-
ever, it also has a limitation, which is reflected in the lim-
ited reliability of the assessment. This has also been dis-
covered by other authors in the case of other countries: for
example, the model proved to be 72% reliable for Croatian
companies (Bogdan et al., 2019), 78% for Italian compa-
nies (Celli, 2015) and 76% for Turkish companies (Cindik
& Armutlulu, 2021).

4 Results

4.1 Sample Description

The sample of companies (n=66) was stratified into
two equally sized groups: bankruptcy companies (n=33)
and non-bankruptcy companies (n=33). The sample was
balanced in terms of both the industry (manufacturing,
service and trading companies) and the legal form (pub-
lic limited companies and private limited companies) of

Working capital
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Yy t Total assets
Retained earnings
—> X, = ]—
Financial Total assets
Statements
Operating income
Xg=—7"7T"727—7—
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Book value of equity
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Total liabilities

Figure 1: Graphical Representation of the Research Model
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both groups of companies, as can be seen in Table 1. Both
groups are dominated by service companies (69.7% or
66.7% respectively) and private limited companies (75.8%
or 78.8% respectively). There is only a slight difference in
the sample structure in terms of the size of companies, with
the share of small companies being 63.6% for non-bank-
ruptcy companies and 42.4% for bankruptcy companies.

4.2 Descriptive Statistics of Variables in
the Altman Model

Based on the data obtained, the authors of this paper
calculated all four variables of the Altman Z” model and
weighted them accordingly. The table below shows the
descriptive statistics for the variables (x1 do x4), sepa-
rately for bankruptcy and non-bankruptcy companies. As
can be seen in the table below, the mean value of all four
variables is positive for non-bankruptcy companies and
negative for bankruptcy companies (with the exception

of the x4 variable). This means that the indicators for the
successful companies are on average significantly higher
and, consequently, reach values higher than 0 compared to
the unsuccessful companies, where the average values are
lower than 0.

Below, a more detailed commentary has been provided
for each variable separately:

a)  X1: Working capital/Total assets

This ratio (x1) is the measure of liquidity by compar-
ing net liquid assets with total assets. Working capital is
defined as the difference between current assets and cur-
rent liabilities (Altman, 2013). Its average value is -0.215
(SD = 0.441) for bankruptcy companies and 0.214 (SD
= 0.231) for non-bankruptcy companies. The reason be-
hind the negative values is the negative working capital,
which means that for bankruptcy companies the current
liabilities are higher than the current assets. In contrast,
working capital is positive in the case of non-bankruptcy
companies, which means that short-term assets are higher
than short-term liabilities and this has a positive impact on

Table 1: Discriminant validity

Companies
Bankruptcy (n=33) Non-bankruptcy (n=33)
N % N %
Manufacturing 3 9.1% 3 9.1%
Industry Services 23 69.7% 22 66.7%
Trade 7 21.2% 8 24.2%
Small 21 63.6% 14 42.4%
Size Medium-sized 5 15.2% 12 36.4%
Large 7 21.2% 7 21.2%
Public limited company 8 24.2% 7 21.2%
Legal form
Private limited company 25 75.8% 26 78.8%
Table 2: Descriptive Statistics of Independent Variables
Companies x1 X2 x3 x4
Mean -0.215 -0.216 -0.111 0.119
Std. deviation 0.441 0.326 0.219 0.285
Bankruptcy
Minimum -1.243 -0.784 -0.792 -0.322
Maximum 0.590 0.450 0.160 1.058
Mean 0.124 0.192 0.059 1.176
Std. deviation 0.231 0.299 0.051 0.771
Non-bankruptcy
Minimum -0.275 -1.010 -0.012 -0.043
Maximum 0.648 0.581 0.179 3.826
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a company’s liquidity. A company with negative working
capital is likely to experience problems meeting its short-
term obligations because there are simply not enough cur-
rent assets to cover those obligations (Mcclure, 2022). A
Mann-Whitney U test was performed to evaluate whether
x1 differed by companies. The results indicated that bank-
ruptcy companies had a significantly lower x1 value of
than non-bankruptcy companies (Z = -3.610; p = 0.000).

b)  x2: Retained ernings/Total assets

Retained earnings is the account which reports a com-
pany’s total amount of reinvested earnings and/or losses
over its entire life. This ratio measures the amount of re-
invested earnings or losses, which reflects the extent of
the company’s leverage. Companies with low ratios are
financing capital expenditure through borrowings rath-
er than through retained earnings. Companies with high
ratios suggest a history of profitability and the ability to
stand up to a bad year of losses (Mcclure, 2022).

Table 2 shows that the mean value of this indicator
for bankruptcy companies is negative (M=-0.216; SD =
0.326), indicating that these companies were loss-making
in the past and that this loss exceeded profits made in the
previous years. In the case of non-bankruptcy companies,
the mean value is positive (M=0.192; SD = 0.299), which
suggests that this group of companies generated profit that
exceeded any loss. Profits were not shared by the owners,
but were instead retained in the company. A Mann-Whit-
ney U test was performed to evaluate whether x2 differed
by companies. The results indicated that bankruptcy com-
panies had a significantly lower x2 value than non-bank-
ruptcy companies (Z = -4.931; p = 0.000).

¢)  X3: EBIT/Total assets

This ratio is a measure of the true productivity of a
company’s assets, independent of any tax or leverage fac-
tors. Since a company’s ultimate existence is based on the
earning power of its assets, this ratio appears to be particu-
larly appropriate for studies dealing with corporate fail-
ure. Furthermore, insolvency, in the sense of bankruptcy
occurs when the total liabilities exceed a fair valuation of
the company’s assets with value determined by the earning
power of the assets (Altman, 2013). The ratio is a version
of return on assets (ROA), an effective way of assessing a
company’s ability to squeeze profits from its assets before
deducting factors such as interest and tax (Mcclure, 2022).
Ratio x3 made the highest contribution to discrimination
power in this version of model.

Table 2 shows that the interpretation of this indicator is
similar to the previous two. For bankruptcy companies, the
mean value is negative (M=-0.111; SD = 0.219), indicating
that they are generating negative EBIT (Earnings Before
Interests and Taxes) or operating losses. For non-bankrupt-
cy companies, the mean value is positive (M=0.059; SD =
0.051), which suggests that the company generated a posi-
tive EBIT or operating profit. A Mann-Whitney U test was
performed to evaluate whether x3 differed by companies.

The results indicated that bankruptcy companies had a sig-
nificantly lower x3 value than non-bankruptcy companies
(Z=-5.444; p = 0.000).

d)  X4: Market value of equity/Book value of total
liabilities

This ratio shows how much the company’s market val-
ue would decline before liabilities exceed assets on the fi-
nancial statements if a company were to become insolvent.
This ratio adds a market value dimension to the model that
is not based on pure fundamentals. In other words, a dura-
ble market capitalization can be interpreted as the market’s
confidence in the company’s solid financial position (Mc-
clure, 2022).

Table 2 clearly shows that the mean value of this indi-
cator for bankruptcy companies is 0.119 (SD = 0.285) and
1.176 (SD = 0.771) for non-bankruptcy companies. By us-
ing the Mann-Whitney U test, the authors determined that
bankruptcy companies had a significantly lower x4 value
than non-bankruptcy companies (Z =-6.137; p = 0.000).

4.3 Z”-Score Value

Based on the third Altman model (equation 3), the
authors of this paper calculated the Z*’-Score separately
for both groups of companies, noting that the mean value
of the Z”’-Score for bankruptcy companies is -2.66 (SD =
4.72) and 3.07 (SD = 2.80) for non-bankruptcy companies.
The value of the Z’-Score indicator in half of the bank-
ruptcy companies was less than or equal to -1.95, while
the median for non-bankruptcy companies equated to 2.61.
The distribution for bankruptcy companies is asymmetric
to the left and slightly conical, while it is slightly asym-
metric to the right and slightly flattened for non-bankrupt-
cy companies.

Verifying the first hypothesis:

The authors of this paper also wanted to determine
whether, when using the first hypothesis, there was a statis-
tically significant difference in the Z’-score value between
both groups of companies. First, the Kolmogorov-Smirnov
test was used to check how the variable was distributed.
It was determined that it was not distributed normally (p
= 0.07), hence the non-parametric Mann-Whitney U-test
was used to verify the hypothesis. The results indicated
that bankruptcy companies had a significantly lower Z”’-
Score value than non-bankruptcy companies (Z=-4.982;
p=0.000). This allows the hypothesis to be confirmed with
a 5% risk.

4.4 Classification of Companies into the
Corresponding Zones

Based on the discriminant analysis, Altman divided the
companies into three groups (zones), as described in the
previous chapter:
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. Safe Zone 7 >2.60
. Grey Zone 1.10<Z” <2.60
. Distress Zone Z”<1.10

Similarly, for the purposes of this study, the authors
also re-coded the value of the Z-Score into three groups.
The data can be seen in the table below. For bankruptcy
companies, the share of companies in the distress zone is

81.8%, while it is 9.1% in both the grey and safe zones. In
the case of non-bankruptcy companies, the largest share
of companies can be found in the safe zone (i.e. 51.5%),
followed by those companies in the grey zone (i.e. 27.3%)
and the distress zone (i.e. 21.2%).

Table 3: Descriptive Statistics of the Z-Score Value

Companies
Bankruptcy Non-bankruptcy
Mean -2.66 3.07
Median -1.95 2.62
Std. deviation 4.72 2.80
Variance 22.27 7.85
Minimum -15.39 -3.68
Maximum 5.49 8.36
Range 20.88 12.04
Kurtosis 0.24 -0.18
Skewness -0.65 0.09
Table 4: Mann Whitney U Test
Companies N Mean Rank Sum of Ranks
Bankruptcy 33 21.73 717.00
Non-bankruptcy 33 45.27 1,494.00
Total 66
Mann-Whitney U 156.000
Wilcox W 717.000
z -4.982
Asymp. sig. (2-tailed) 0,000
Table 5: Classification of Companies into Zones
Companies
Bankruptcy (n=33) Non-bankruptcy (n=33)
N % N %
Altman model Distress Zone 27 81.8% 7 21.2%
Grey Zone 3 9.1% 9 27.3%
Safe Zone 3 9.1% 17 51.5%
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4.5 Reliability of the Assessment

The explanatory ability of the Altman model is verified
by the calculation of the type I error () and type II error
(B). The primary error types associated with the Altman’s
Z-Score model are:

1. Type I Error (False Positive): This occurs when the

Z-Score predicts financial distress or bankruptcy for a

company that does not actually go bankrupt. The for-

mula for the calculation of a type I error is as follows

(Bogdan et al., 2019, pp.38):

CCFgr

Type I Error = 1 — C))

Ngr

Where:
*  CCF BF — Correctly classified companies (bank-
ruptcy companies)

. nBF- Sample size for bankruptcy companies

As is apparent from Table 6, the Altman model was
used to classify a total of 33 bankruptcy companies, of
which 30 (90.91%) were classified according to the upper
bound of the interval (Z < 2.6) and 27 (81.81%) accord-
ing to the lower bound (Z” < 1.1).

2. Type II Error (False Negative): This occurs when the
Z-Score fails to predict financial distress or bankruptcy
for a company that does go bankrupt or experiences
financial difficulties. In this case, the model incorrect-
ly identifies a company with financial troubles as safe.
The formula for the calculation of a type I error is as
follows (Bogdan et al., 2019):

Where:

CCFygr

Type Il Error= 1 — ®)

Nypr

e CCF NBF - Correctly classified companies
(non-bankruptcy companies)

e nNBF - Sample size for non-bankruptcy compa-

nies

As can be seen in Table 7, out of all 33 non-bankrupt-
cy companies, the Altman model correctly classified 17
companies (51.51%) according to the upper bound of the
interval (Z”* > 2.6) and 26 companies (78.78%) according
to the lower bound of the interval (Z” > 1.1).

By combining the data from Tables 6 and 7, it can be
observed that, in relation to the threshold of 2.6, 47 com-
panies (71.21%) were correctly classified, while 53 com-
panies (80.31%) were correctly classified in relation to the
threshold of 1.1, as shown in Table 8.

Table 6: Classification of Bankruptcy Companies According to the Upper and Lower Bound of the Z’’-Score Model

Correctly Type | Error Correctly Type | Error Total
classified classified
companies - companies
7""<2.6 7"<1.1
( ) (27> 2.6) ( ) (2’>1.1)
Bankruptcy n 30 3 27 6 33
companies % 90.91% 9.09% 81.81% 18.19% 100.00%

Table 7: Classification of Non-bankruptcy Companies According to the Upper and Lower Bound of the Z”-Score Model

Correctly classi- Type Il Error Correctly classi- Type Il Error Total
fied companies fied companies
(27<2.6) (2>2.6) (27<1.1) (’>1.1)
Non-bankrupt- | n 17 16 26 7 33
cycompanies 1o | 5151% 48.49% 78.78% 21.22% 100.00%

Table 8: Classification of the Entire Sample According to the Upper and Lower Bound of the Z”-Score Model

Correctly Incorrectly clas- | Correctly classi- Incorrectly clas- | Total
classified sified companies | fied companies sified companies
companies
Limit value=2.6 Limit value=1.1
All compa- n 47 19 53 13 66
nies % |71.21% 28.79% 80.31% 19.69% 100.00%

123



Organizacija, Volume 57

Research Papers

Issue 2, May 2024

Verifying the second hypothesis:

When testing the upper bound (the Z”-Score limit val-
ue was 2.6) using the Altman model, it was possible to
correctly classify 47 companies (71.21%), while 53 com-
panies (80.30%) were correctly classified when testing the
lower bound (the Z’-Score limit value was 1.1). If this
estimate were to be generalized according to the popula-
tion with the estimate of the percentage, it can be estimat-
ed with a 5% risk that the model would correctly classify
between 60.29% and 82.14% of the companies in the en-
tire population (when estimating the upper limit value of
2.6), or between 70.71% and 89.99% (when estimating the
lower limit value of 1.1). As hypothesis H2 assumed that
the model would correctly classify at least 75% of compa-
nies, the authors can confirm the hypothesis, as the value
of 75% falls within both the first and the second interval.

5 Discussion

The Altman model is still one of the most widely used
predictive models in the 21st century, and it aims to high-
light the differences between bankrupt and healthy compa-
nies. This model has been modified several times; its most
well-known forms are from 1968, 1983 and 1995 (Vavrek
et al., 2021). By November 2023, the study of Altman’s
model had accumulated 24,836 citations (Google Scholar,
October 11, 2023), showing that this pioneering work in
the field of corporate failure prediction has spread world-
wide. As demonstrated by the results of various studies,
the Altman model represents a fairly good way for com-
panies to identify the performance of their business in a
relatively simple and quick way, and also to predict the
potential risk of that business in the future. Due to the fact
that insolvency is a problem that concerns different social
actors, such as shareholders, suppliers, financial institu-
tions and workers, it is important to know the predictive
capacity of the Altman model in order to make adequate
decisions (Fito et al., 2018). This model can provide any
owner, investor or lender with an indicative assessment of
a company’s financial stability. This is all the more im-
portant in times of financial crisis or potential recession.
Companies need to be vigilant and detect problems in time
in their own company or with their business partners.

Using a sample of Slovenian companies (n=66), which
included both bankruptcy and non-bankruptcy companies,
the aim of this study was discover whether the Altman
model is also applicable to Slovenian companies. To this
end, the authors set two hypotheses, both of which were
confirmed. The first hypothesis was intended to determine
how good the model is at estimating the mean value of the
Z”’-Score between the two groups of companies. It was de-
termined that the Z-Score value was higher in bankruptcy
companies than in non-bankruptcy companies. In this re-
spect, the Altman model is useful for a first, more general
assessment of a company’s performance and could also be
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used to assess a company’s creditworthiness. By using the
second hypothesis, the authors wanted to see how reliable
the model is at estimating the probability of a company
going bankrupt in the future. In order to verify the hypoth-
esis, interval estimation of the type I and II errors were
used. This study has shown that the reliability of the model
turned out to be 71.21% in the case of the upper bound
estimation, and 80.30% in the case of the lower bound es-
timation. The reliability of the model has also been shown
to be between 70% and 80% in studies carried out in oth-
er countries (Bogdan et al., 2019; Celli, 2015; Cindik, &
Armutlulu, 2021), however, there are also some studies
in which the reliability of the model is lower. In this re-
gard, the authors confirmed the second hypothesis, which
predicted that the model would have a reliability of more
than 70%. However, no foreign studies have confirmed the
100% reliability of the Altman model, which means that it
is necessary to be cautious when making predictions about
business performance.

As a result of the above, it can be concluded that the
Altman model is not the most reliable method for predict-
ing a company’s bankruptcy, however, it is certainly very
useful and suitable for the first assessment of a company’s
performance. Therefore, it is preferable to use another
method (e.g. the logit model) or a more in-depth analysis
in addition to the Altman model in order to complement
this assessment. The Altman model is also not suitable for
newly-formed businesses, as financial statements from
previous periods are required in order to carry out a suc-
cessful analysis. Hence, this topic has become one of the
main concerns of the analysts and they are still having dif-
ficulties finding a reliable tool for the risks and threats of
failure of the companies (Cindik & Armutlulu, 2021).

This study offers a basic overview of the applicability
of the Altman model. However, there are certainly numer-
ous possibilities for further studies, e.g. a study could be
done for just one industry (construction, hospitality, tour-
ism, etc.) or the Z-Score could be calculated separately for
each year, which would determine whether the Z*’-Score
is higher in the years running up to bankruptcy than in the
previous years. It would also be sensible to revise the Alt-
man model and calculate a separate MDA function in the
case of Slovenian companies, or to compare the calcula-
tions under this model with other methods (logit) or mod-
els, such as the Springate, Ohlson or Zmijewski models.
Due to the ever-increasing use of artificial intelligence and
machine learning, it would also make sense to verify the
methods of determining a company’s creditworthiness.
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Uporaba Altmanovega modela za napoved finanénega neuspeha na primeru slovenskih podjetij

Izhodis€e/Namen: Namen ¢lanka je verificirati uporabnost in zanesljivost Altmanovega modela na primeru sloven-
skih podijetij. Uporaba Altmanovega modela je zelo priljubljena in razSirjena tako med financniki, analitiki in ostalimi
interesnimi skupinami, ki Zelijo ugotoviti boniteto poslovanja podjetja in verjetnost, da bi podjetje v prihodnjih letih
zaslo v financne tezave.

Metode: Raziskavo smo naredili na vzorcu 66-ih slovenskih podjetij, ki smo jih razdelili v dve enako veliki skupini:
podjetja v ste€aju in uspesna podjetja. Na podlagi racunovodskih podatkov za obdobje zadnjih petih let smo izracu-
nali s pomocjo Altmanovega modela izracunali vrednost Z”, ki temelji na multipli diskriminanti analizi. Z izraCunom
napake ocene (tipa | in 1) smo preverili v kolikSnem % je model pravilno razvrstil podjetja. Z izraCunom Mann-W-
hitney U testa pa smo preverjali ali obstaja razlika v povprecni visini vrednosti Z" med obema skupinama podjetij.
Rezultati: Ugotovili smo, da je zanesljivost Altmanovega modela 71,21 % pri testiranju na zgornjo mejo (mejna
vrednost Z" je 2,6) pri testiranju na spodnjo mejo pa 80,30 % (mejna vrednost Z" je 1,1)., kar je podobno kot v ostalih
drzavabh, kjer se je ta zanesljivost v vecini primerov izkazala za ve€ kot 70 %. Kljub slabSi zanesljivosti modela, pa
se je izkazalo, da je vrednost Z" pomemben dejavnik pri razlikovanju med obema skupinama podjetji, saj so podjetja
v steCaju dosegla niZjo vrednost tega kazalnika kot uspesna podjetja.

Zaklju€ek: Na podlagi rezultatov naSe raziskave in tudi ostalih raziskav lahko povzamemo, da je je Altmanov model
dokaj dober nacin, da lahko podjetja na razmeroma enostaven in hiter nacin ugotovijo uspesnost poslovanja podje-
tja in napovejo tudi morebitno tveganje tega poslovanja v prihodnost. Ker pa njegova zanesljivost ni 100 % moramo
biti pri napovedi poslovanja tudi previdni in izvesti Se kak3no drugo poglobljeno analizo ali uporabiti kakSno drugo
metodo.

Kljucne besede: Financni neuspeh, Altmanov model, Napoved steCaja, Multipla diskriminanta analiza
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