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Summary: The article attempts to evaluate selected diagnostic tools classified as early warning
methods. They are usually used to assess the current financial condition of a company, they are
also used to predict bankruptcy. The most popular methods were verified, namely discriminant
models, logit models and scoring models. Based on the collected financial data of enterprises
that in 2010-2016 declared liquidation bankruptcy and their healthy counterparts, the
usefulness of individual models was assessed in terms of the reliability of the results obtained.
The analysis shows that the scoring model was the most effective in assessing the financial
situation. Discrimination models came the second in this respect. Logit models proved to be
the least effective. All the models used in the study were characterized by a level of accuracy
of forecasts above 50%, which indicates a good result. The conducted study confirms the
legitimacy of using such tools. They are also evidence of the continuing popularity of early
warning models among people assessing the financial situation in an enterprise.

Keywords: methods of early warning, bankruptcy of enterprises, financial analysis.

Streszczenie: W artykule podjeto probe oceny wybranych narzedzi diagnostycznych zali-
czanych do metod wczesnego ostrzegania. Stuzg one do oceny biezacej kondycji finansowej
przedsigbiorstwa, sg takze wykorzystywane do predykcji upadtosci. Weryfikacji poddane zo-
staly najpopularniejsze metody, mianowicie modele dyskryminacyjne, logitowe oraz model
scoringowy. Na podstawie danych finansowych spotek, ktore w latach 20102016 oglosity
upadtos¢ likwidacyjna, oraz ich ,,zdrowych” odpowiednikéw dokonano oceny przydatnosci
modeli pod katem wiarygodnosci wynikow. Najskuteczniejszy w ocenie sytuacji finansowej
okazat si¢ model scoringowy. Drugie byly modele dyskryminacyjne. Najmniej skuteczne
okazaly si¢ modele logitowe. Wszystkie modele wykorzystane w badaniu charakteryzowaty
si¢ poziomem trafnosci powyzej 50%, co $wiadczy o dobrym wyniku. Badanie potwierdza
zasadno$¢ wykorzystywania tego rodzaju narzedzi. Sa takze dowodem niestabnacej popular-
nosci modeli wezesnego ostrzegania.

Stowa kluczowe: modele wczesnego ostrzegania, upadtos$¢ przedsigbiorstw, analiza finansowa.
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1. Introduction

The operation of an enterprise in a market economy carries many risks and uncerta-
inties. One of the basic and most frequently occurring threats is the risk of an indi-
vidual’s bankruptcy due to the existence of various types of barriers and obstacles.
In order to be able to function effectively in an economic environment, an enterprise
must constantly make many decisions both in its operations and its strategy. One of
the areas particularly important for the entire company’s operations are decisions
made in the financial aspect. This area affects not only the correct operation of the
enterprise, and it can also bring many benefits in connection with appropriate and ef-
fective management. On the other hand, wrong decisions generate problems for the
company. They can also create threats to the future operations of the entity. The area
of corporate finance management in the aspect of the assessment and monitoring of
a company’s situation seems to be one of the most important.

The article attempts to systematize the tools used in assessing the financial situ-
ation of an enterprise in terms of effectiveness of results. In order to achieve the assu-
med goal, some data were collected on 25 bankrupt companies and their 25 healthy
counterparts. Companies with a good financial condition were selected as entities
similar in terms of their activity, asset structure or size to the bankrupt companies.
The data of the companies that declared bankruptcy were taken from the years 2010-
-2016. An application for declaration of liquidation bankruptcy was filed with the
district court against these companies.

The companies included in the research sample came from nine provinces. Ba-
sed on the collected empirical data, four discriminant models, three logit models and
one scoring model were assessed.

2. Literature review

In the literature on the subject, a number of publications dealing with issues relat-
ed to the assessment of the financial situation can be found. The subject literature
presents numerous attempts to verify early-warning models. It is worth mentioning
some of the most interesting publications that bring very interesting conclusions.
One of such is undoubtedly the conclusions obtained from the research carried out
by P. Antonowicz who examined 52 discriminatory methods on a sample of 89 com-
panies based in the Pomorskie Voivodeship, which in 2003-2004 declared bankrupt-
cy. He counted as their counterparts 119 enterprises ranked in Gazele Biznesu 2004
[Antonowicz 2010, p. 19]. R. Balina gathered data from 60 entities — 30 bankrupts
and 30 healthy counterparts. All the entities were public limited liability companies
from the construction sector. Based on the financial data of these entities, he assessed
the prognostic reliability of discriminatory models [Balina 2012, pp. 233-234].
A. Kucinski assessed the financial situation of New Connect companies using dis-
criminatory models [Kucinski 2011, pp. 146-163]. M. Hamrol and J. Chodakowski
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conducted a survey based on a sample of 36 companies present on the Warsaw Stock
Exchange, which filed for bankruptcy or arrangement proceedings in 2002-2004
[Hamrol, Chodakowski 2008, p. 29]. L. Czapiewski also attempted to evaluate dis-
criminatory models in his study using the financial data of 94 listed companies —
48 threatened with bankruptcy in the period 2000-2004, and 46 with a good level of
financial condition [Czapiewski 2009, p. 123]. W. Lichota assessed the effectiveness
of discriminant models based on a sample of eight enterprises from the Podkarpackie
Voivodeship. The companies filed for liquidation bankruptcy in the period 2003-
-2014 [Lichota 2017, pp. 212-213]. The evaluation of early warning models was
also undertaken by G. Gotebiowski and K. Zywno. They investigated the prognosis
effectiveness on the basis of financial data from ten companies from the Warsaw
Stock Exchange against which an application for bankruptcy was filed [ Gotebiowski
2008, p. 36]. J. Kitowski, on the other hand, attempted to assess the credibility of
banking methods. He chose for this purpose and made prognostic verification of
five methods used by Polish banks in assessing the financial condition of enterprises
applying for a loan [Kitowski 2011]. E. Grzegorzewska together with H. Runowski
assessed the prognostic effectiveness of discriminatory methods. Based on 51 breed-
ing companies of the Agricultural Property Agency, which operated from 1996 to
2007 operated. From this set, for each surveyed year, they selected 12 endangered
enterprises and 12 companies with a good financial condition. In the study they used
ten discriminatory models [Grzegorzewska, Runowski 2008, p. 84]. The attempt of
the suitability of methods using the linear function of discrimination in assessing the
financial condition was carried out by D. Zarzecki. He evaluated 21 companies, with
nine of them characterised by poor financial conditions and 12 of them being sound
counterparts [Zarzecki 2003, p. 179]. J. Wojnar assessed the effectiveness of ninr
discriminatory models on a sample of 50 listed companies, and distinguished three
groups: 20 companies with no threats, 10 companies listed on the stock exchange but
with difficult financial conditions and threatened with bankruptcy, and companies
once listed but with a financial standing that disqualified them from being present on
the trading floor [Wojnar 2014, pp. 219-231]. J. Kisielinska together with A. Wasz-
kowski on a sample of e enterprises that declared bankruptcy and their eight healthy
counterparts, assessed the effectiveness of logit and discriminatory models [Kisiel-
inska, Waszkowski 2010, pp. 17-31]. A. Czarny, based on financial data from a sam-
ple of 26 companies from 2001-2005, verified the effectiveness of early warning
models. The enterprises came from the food and beverage production sector [Czarny
2009, pp. 129-130]. G. Gotebiowski and A. Plasek investigated the effectiveness of
discriminatory models based on enterprises from the tourism industry. On the basis
of a sample of 30 entities — 18 healthy and 12 sick ones, they examined a total of
17 Polish discriminant models and three foreign ones [Gotgbiowski, Plgsek 2018,
pp. 9-24]. In the studies of S. Juszczyk, J. Pochopien and R. Balina, 26 Polish discri-
minant models were analysed. The empirical test was made up of 40 companies from
the road transport sector (PKD 49.41z). Of these, 20 companies in 2009 declared



44 Rafat Pitera

bankruptcy, and the remaining 20 continued to operate [Juszczyk et al. 2013, pp. 34-
-40]. 1t is also worth noting the research carried out by J. Kisielinska who verified
the effectiveness of early warning models using financial data from 2009-2012. The
data came from a sample of 110 enterprises, half of which were companies that went
bankrupt and half that did not. The verification of 11 Polish models of early warn-
ing (seven discriminant methods and four logit), as well as the aggregated method
created on the basis of the above methods [Kisielinska 2016, pp. 5-17]. Research
on the verification of early warning methods was also discussed by authors such as
T. Stasiewski [1996], W. Rogowski [1997] and J. Koralun-Bereznicka [2006].

The research results quoted above has led to several conclusions. First, discrimi-
natory methods are the most popular among models assessing the financial condition
of the company. The second in this classification should be logit models. It is rarely
possible to find research works in which other types of tools are subject to verifica-
tion, such as scoring methods, artificial neural networks or traditional index analysis.
While assessing the research, one can also see that most authors verify from a few to
a dozen or so methods. However, the size of the research sample in most studies is
between 10 and 30 entities, it is rarely a sample of 50 or more enterprises.

3. Description of the methods and the research sample

The article reviews eight early warning models: four discriminant models, three logit
models and one scoring model. Among the discriminatory methods were: the “G”
INE PAN model by E. Maczynska and M. Zawadzki, the J. Gajdka and D. Stos
model from 2003, the Poznan model, and the D. Appenzeller and K. Szarzec model.
The logit methods chosen for the study are the following: the Hotda model, the Korol
model, and the Wedzki model. The scoring method subject to verification is a mo-
dification of the point method of bank risk assessment according to the variant of
A. Holda. The above models were evaluated in terms of the effectiveness of financial
forecasts based on the financial data of 25 enterprises which between 2010 and 2016
declared liquidation bankruptcy, and their 25 healthy counterparts.

Healthy enterprises were selected in a non-random manner as a selection of en-
terprises similar in terms of the size of assets, employment and business profile.

The enterprises included in the services, production and construction sectors
were selected for the bankruptcy sample. The same number of enterprises from indi-
vidual sectors was selected for their healthy counterparts. In the bankruptcy group,
the average value of assets for trading enterprises was 3,147.374 PLN, manufactu-
ring enterprises 5,025.914 PLN, service enterprises 2,936.157 PLN. The average
value of assets for healthy enterprises from the trade sector was 3,944.958 PLN, pro-
duction 6,754.598 PLN, and service 3,444.596 PLN. Enterprises from both groups
were characterized by employing over 50 employees on a full-time basis. The legal
form of bankrupt enterprises were 19 limited liability companies and six joint-stock
companies. In the sample of healthy enterprises, there were 20 limited liability com-
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panies and five joint-stock companies. Table 1 presents the most important parame-

ters of the companies included in the research sample.

Table 1. Selected parameters of enterprises included in the research sample

Enterprises Bankrupts Healthy
Legal form
Limited liability company 19 20
Joint-stock company 6 5
Number of enterprises
Trading companies 8 3
Production companies 10 10
Service enterprises 7 7
Average asset value (PLN)
Trading companies 3,147.374 3,944 958
Production companies 5,025.914 6,754.598
Service enterprises 2,936.157 3,444.596

Source: own study.

The article presents the results of the study for the last period — classification
according to the effectiveness of forecasts. The characteristics of each method are

presented below.

Discrimination model “G” INE PAN by E. Maczynska and M. Zawadzki:

Z.,~ 9.498*11 + 3.566*12 + 2.903*13 + 0.452*14 — 1498
[1=EBIT/(Assets )

12=(Equity capital)/(Assets)

[3=(Net profit + Depreciation)/(Liabilities)

[4=(Current assets)/(Current liabilities)

Z.,~>0 good financial condition

Z,,<0 bankruptcy [Mgczynska 2006];

Discrimination model by J. Gajdka and D. Stos from 2003:
Z,.=—0.0005*I1 + 2.0552*12 + 1.7260*13 + 0.1155*14 — 0.3342
I1=(Average annual current liabilities *360)/(Manufacturing cost)
[2=(Net profit)/(Average annual assets)

[3=(Gross profit)/(Total sales revenues)

14= Assets / Liabilities

Z,.>0 good financial condition

Z,,<0 bankruptcy

—0.49<=Z .=<0.49 7area of uncertainty”, no indication of the financial situation

[Stos, Gajdka 2003].
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Discrimination model by M. Hamrol (the Poznan model):

Z,,= 3.562*11 + 1.588*12 + 4.288*I3 + 6.719*14 — 2.368

[1=(Net profit)/(Assets)

[2=(Current assets — Stocks — Short-term prepayments)/(Current liabilities)

[3=(Constant capital)/(Assets)

[4=(Profit from sales)/(Sales revenue and equated with them)

Z, =0 good financial condition

Z, ;<0 bankruptcy [Hamrol 2004];

Discrimination model by D. Appenzeller and K. Szarzec:

Z,,= 0.819*11 + 2.567*12 — 0.005*I3 + 0.0006*14 — 0.0095*15 — 0.556

I1= Current assets/Current liabilities

[2=EBIT/Total sales revenues

[3=(Average annual stocks * number of days)/Total sales revenues

14= Debt rotation + Stock rotation

I5=(Liabilities and provisions for liabilities /EBITDA)*(12/Fiscal period)

Z,,>0 good financial condition

Z,,<0 bankruptcy [Appenzeller, Szarzec 2004];

Logit model by A. Holda:

Z,,=—0.52+4.50*11 — 7.98%12 + 0.93*I3 + 2.31*I4 + 7.32*I5

[1= Current assets/Current liabilities

[2=(Total liabilities/Assets)*100%

13= Total sales revenues/Average annual assets

[4=(Average annual current liabilities/Costs of products, goods and materials
sold)*360

[5=(Net profit/Average annual assets)*100

Z,.>0 good financial condition

Z,.,<0 bankruptcy [Hotda 2001].

Logit model by T. Korol:

Z..=2.0-10.19*I1 — 4.58*12 — 0.57*I3

I1= Profit from sales/Assets

[2=(Net profit + Depreciation)/Liabilities

3= Operation costs/Current liabilities

Z..<=0.5 good financial condition

7. >0.5 bankruptcy.

This is a contractual determination of the limit value, because the author did not
specify such a level. The adoption of the value of 0.5 resulted from the fact that the
learning sample approximately contained the proportion bankrupt / non-bankrupt
50% / 50%, therefore the limit value for the model has been accepted [Korol 2010];

Logit model by D. Wedzki:

Z,~—4.0—6.0*I1 +9.387*12 — 2.088*13 + 1.317*I4 + 0.04*I5 — 4.217*16

[1=(Current assets + Pre-paid accruals)/(Current liabilities and Special funds +
Accruals and deferred income)
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[12=(Reserves + Long-term liabilities + Current liabilities and Special funds +
Accruals and deferred income)/Assets

[3= Interest to be paid/(Profit (loss) on business + Interest to be paid)

14=[Net profit (loss)/Equity capital]/[(Net profit (loss) + Interest to be paid *
(1 — Mandatory charges on the financial result/Gross profit (loss)))/Assets]

[5= Short-term receivables * The number of days in the period/Net revenues
from sales

16= Profit (loss) on sales/Net revenues from sales

Z,=<0.5 good financial condition

Z,,~>0.5 bankruptcy [Wedzki 2005].

Scoring model — modified scoring method for assessing banking risks
according to A. Holda.

A variant of this method allows determining the place of the studied company
in the industry using financial ratios [Holda 2002], therefore slightly different than
discriminatory or logit models it presents the results of the carried-out studies that
mostly do not consider the specifics of the industry. The author used 12 financial
indicators in the method.

I1= Profit from sales/Revenues from the sale of products, goods and materials

12= Net profit/Total sales revenues

[3= Net profit/Average annual equity

[4= Current assets/Current liabilities

[5=(Current assets — Stocks)/Current liabilities

16= Short-term investments/Current liabilities

I7=(Average stocks *360)/Costs of products, goods and materials sold

[8=(Average Short-term receivables *360)/Revenues from the sale of products,
goods and materials

19=(Average Current liabilities *360)/Revenues from the sale of products, goods
and materials

110= Liabilities/Assets

I11= Constant capital/Fixed assets

[12=(Gross profit + Interest to be paid)/(Capital instalments + Interest to be paid)

Depending on the number of points, a company can reach one of four places:

» avery low place when it obtains 12-20 points;
» astandard place when it obtains 21-30 points;

* agood place when it obtains 31-40 points;

* avery good place when it obtains 41-48 points.

Individual indicators after the calculation refer to the value of indicators for the
industry [Hotda 2002].

Next the results of the tests were presented. The results for the last research
period were presented in synthetic terms. Based on the results of individual early
warning models, the classification of verified methods according to the effectiveness
of forecasts is presented.
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4. Results of empirical research

The article presents the results of individual early warning models for the last rese-
arch period.

Based on the results obtained, the classification of individual methods was made,
distinguishing the number of correct assessments and errors broken down into 1st
and 2nd degree errors. In the case of a first degree error, it marked the assignment
of a healthy company to a group of bankrupts. On the other hand, a second-degree
error meant that the bankrupt was classified into a group of companies with a good
financial standing [Pociecha 2007]. The classification of methods according to the
effectiveness of forecasts is presented in Table 2.

Table 2. Classification of early warning models according to the accuracy of the results obtained for
the last year of the study

P Number of wrong
ereentage Number of correct assessments
Model of accurate
forecasts assessments Ist degree | 2nd degree

error error

Hotdar’s scoring model 76% 38 4 8

“G” INE PAN model by 74% 37 7 6

Maczynska and Zawadzki

The Poznan model 72% 36 5 9

(M. Hamrol)

The Appenzeller and Szarzec 66% 33 6 11

model

Hotda’s Model 62% 31 9 10

Korol’s model 60% 30 6 14

Gajdka and Stos’s model 56% 28 10 12

Wedzki’s model 54% 27 14 9

Source: own study based on the results obtained.

The results obtained allow for the classification of individual methods. A. Hotda’s
scoring model was the best diagnosing model. In 76% of cases he correctly classified
the surveyed enterprises. The number of correct diagnoses was 38, while the
number of incorrect diagnoses was 12, of which four cases concerned the incorrect
assignment of healthy companies to a group of bankrupt (1st degree error). In eight
cases the model described the bankruptcy financial situation as correct (2nd degree
error). The second model with the highest percentage of correct indications was the
“G” INE PAN model. He recorded 74% of correct diagnoses, 37 correct diagnoses
and 13 incorrect ones. The model noted 74% of correct diagnoses, 37 correct and
13 incorrect diagnoses. Among the bad diagnoses, seven concerned the classification



Verification of selected methods of assessing the financial situation of a company 49

of healthy enterprises into the group of bankrupt enterprises, while six bankrupt were
classified as healthy enterprises. The third model that obtained the effectiveness of
forecasts above 70% was the Poznan model. In 72% of cases it correctly assessed
the financial situation of the surveyed enterprises with respectively 36 accurate
diagnoses, five classifications of healthy enterprises as bankrupt, and qualifying nine
bankrupt as healthy enterprises. The next one was the the Appenzeller and Szarzec
model with 66% accurate diagnoses — 33 correct indications, 17 incorrect diagnoses,
of which six from the 1st grade error group and 11 second grade. The Hotda
model was also more effective than 60% — precisely 62%. It correctly diagnosed
31 companies, and 19 companies were incorrectly assigned. Of these nine cases
concerned the classification of healthy companies into the group of bankruptcies,
and ten bankruptcies were included in the group of healthy enterprises. The Korol
model for 30 entities correctly determined the financial condition — which meant an
efficiency of 60%. The model incorrectly diagnosed 20 companies. The first degree
error was six cases, the second was 14. The last two models in the classification
are: the model of Gajdka and Stos — 56% of correct diagnoses, and the model of
Wedzki — 54% of correct diagnoses. The effectiveness of the Gajdka and Stos
model is 28 correct indications and 22 errors (ten of the first type and 12 of the
second). Wedzki’s model consists of 27 correctly rated companies and 23 incorrectly
qualified enterprises (14 healthy enterprises classified as bankrupt and nine bankrupt
diagnosed as healthy).

According to the effectiveness of forecasts, the scoring model was the highest
percentage. Then three discriminant models and two logit models were noted. Next,
the classification included a discriminant model and a logit model. Analysing the
effectiveness of the early warning models, the best diagnoses came from the scoring
model. The discrimination models came the second in this respect. These models
were to a small extent characterized by a lower prognostic effectiveness than the
scoring model. However, the effectiveness of the logit models based on the conducted
study can be assessed as the least reliable.

5. Conclusion

Analysing the prognostic reliability of early warning models, it can be concluded
that all models subject to verification were more than 50% accurate. The presented
discriminant, logit and scoring models, which are included in early warning models,
are often characterized by a discrepancy of results. This is certainly reflected in
the selection of indicators that individual models use. The scoring model of Holda
achieved the best result from the analysed models. The discrimination models ran-
ked second in terms of effectiveness of diagnosis in most cases proved to be a more
reliable tool than the logit models.

The results confirmed the usefulness of early warning models. They allow the
analysis and assessment of a company’s financial situation in a reliable manner.
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They can also be a useful tool in the restructuring process. The discussed models also
allow the rationalization and optimization of business management. They increase
the level of control over the financial processes taking place inside the organization.
It should also be said that these models should be used as one of many tools, and not
the only ones. Diversification of the range of methods will allow for an objective
grasp of the differences in the results of individual methods and will contribute to
a comprehensive assessment of a company. This will also allow for a possible de-
epening of the analysis of results giving different diagnoses. This type of approach
will allow to obtain optimal results, allowing for the effective management of an
organization’s finances.
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