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Abstract: The main aim of the article was to verify the effectiveness of pre-
diction of selected models of discriminant analysis on the example of a sam-
ple of 40 enterprises. The data of enterprises was obtained from the EMIS
database and in the case of enterprises continuing their operations it con-
cerned the year 2017, while in the case of bankrupt enterprises it was the
data from the year before bankruptcy. The article presents models of discri-
minant analysis, which are classified as early warning systems about the risk
of enterprise bankruptcy. The results allow to assess the financial situation of
the company. Based on the results of a sample of forty companies, including
ten for which an application for bankruptcy was filed, it was found that most
of the discriminant models used in the article properly reflected the good
or threatened financial condition of the company. The authors conclude that
discriminatory models facilitate decision making but the models do not have
100% effectiveness.

Keywords: discriminant analysis, financial standing of companies, financial

analysis

1. Introduction

Verification of the financial condition of enterprises is per-
formed by many entities operating on the market. The results
of the verification with the interpretation are used primarily
by the business owners and managers to make decisions re-
garding further development directions and entities that in-
tend to invest in the business, entities undertaking coopera-
tion, institutions granting credits, loans and subsidies for the
enterprise.

At the same time, too strong mutual relations between enti-
ties may lead to the so-called domino effect—the bankruptcy
of one company may lead to another bankruptcy. Therefore,
the problem of bankruptcy of the company, its definition and
forecasting becomes an important issue from an economic
point of view (Balina, 2012).
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The main aim of this article is to verify the diagnostic effectiveness of selected models
of discriminant analysis on the example of a sample of 40 enterprises operating in Poland, of
which 10 filed for bankruptcy. 26 discriminant models were analyzed. The calculations for
enterprises conducting operations were made on the basis of the reports for 2016. These com-
panies continued operations in 2017. The data of the company’s continuing business activi-
ties were generated from the EMIS database and were generated according to the following
criteria. Companies in the IT, automotive industries and WIG 20 were selected based on the
size of assets, while in the case of WIG 20 companies, the research does not include banks
and insurers. The data of the bankrupt enterprises were generated from the National Court
Register and EMIS and cover the years 2003—-2018.

A research hypothesis was also put forward that “with the passage of time, discriminant
models are characterized by a lower prediction ability”.

2. Discriminatory models as a predictor of the company’s financial
situation

There are many methods of assessing the financial condition of a company, in the literature,
e.g. traditional indicator analysis, discriminant analysis models, logistic regression models,
point risk assessment methods. This article will present the results of the research on effec-
tiveness of prediction selected models of discriminant analysis.

There have been many studies on the effectiveness of these models so far, which is con-
firmed by publications: Hamrol and Chodakowski, 2008; Balina, 2012; Kisielinska and
Waszkowski, 2010; Pitera, 2018. The conducted research shows that discriminant models are
characterized by a high degree of effectiveness in predicting the financial condition of enterprises.
However, it should be remembered that the first model developed for the Polish economy
was created in 1994 (Maczynska), next in 1996 (Gajdka and Stos), 1998 (Hadasik), and 2004
(Appenzeller and Szarzec), so it was created in other economic realities, which means that
these models could lose their diagnostic credibility.

In addition, there were statements in the domestic literature that “there is no single, only
valid and best model of assessing the enterprise’s risk of bankruptcy” (Maczynska and
Zawadzki, 2006) and it is not always possible to make an unambiguous assessment of the
overall financial situation of the company, which takes into account parallel, various aspects
of the business activity of enterprise (Korol, 2005). A. Hotda wrote that it is practically im-
possible to formulate one function that would preserve its prognostic values for decades in
the conditions of the Polish economy (Holda, 2001; Zarzecki, 2000). G. Golebiowski and
A. Thaczata formulated the thesis that models constructed “no later than in the last decade”
should be used (Golebiowski and Ttaczata, 2005; Kitowski, 2011).

Therefore, the author carried out research aimed at determining whether discriminant mod-
els did not lose diagnostic credibility. Because early warning systems developed for a par-
ticular country should not be mechanically transferred to other countries, this article uses
only models that take into account the specificity of the Polish economy (Spychata, 2013).
According to D. Wedzki, the Altman models (1968) should not be used, because the Ameri-
can economy is so structurally different from the Polish one that it seems unlikely to obtain
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the expected results of the model (Wedzki, 2005). Discriminatory models do not have dis-
advantage that has indicator analysis, namely difficulties in interpretation (Bombiak, 2010).
Therefore, in countries with a developed market economy, in addition to traditional indica-
tor analysis, the most popular analytical tools that allow to identify threats of the company’s
financial condition should be multi-criteria discriminant analysis (Rolbiecki, 2011), which
allows the firm to qualify to one of two or to one of more research groups (Wajda, 2009).

The discriminatory function is the value that is the sum of the multiply of the indicators that
characterize the economic and financial condition of the enterprise and the weights (discrimi-
nant factors) corresponding to these indicators. This value is the basis for deducting about the
economic and financial situation of the enterprise through its confrontation with the threshold
values adopted in the model (Zelazowska-Przewtoka, 2012). At the same time, these meth-
ods are attributed the value of universality and unchanging diagnostic credibility, regardless
of the passage of time from their publication, which is unauthorized from a methodological
point of view (Kitowski, 2013).

The linear discriminant function has the following form:

fX)=a,taX +aX,.. +taX, (1)

where:
a—weight of the financial analysis ratio
x—financial analysis indicators
a,—constant.

Each object is described by the values of n variables (X) (Gajdka and Stos, 2003). Interpre-
tation of the result is made on the basis of a comparison of the calculated value of the discri-
minant function f{X) with the limit value, the level of which is determined by the author of
the model (Zielinska-Sitkiewicz, 2012).

26 models of discriminant analysis available in the national literature, based on financial
statements of 40 enterprises, were subject to verification.

The discriminant models used in the article differ not only in the number of financial analy-
sis indicators used, but also in the period in which they were created, the number of entities
that constituted the test group when estimating the parameters, a specific range of the value
of assets and a specific sector or legal form of a commercial company.
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Table 1. Discrimination functions applied

The limit value
Author and t(l)';h;e?eﬁ;tif; eﬁ’e]\cj[t(i)\(fi:riess
No.| date of model Formula of the discriminant function .
construction the safe determined
financial by the author
condition
1 E. Maczynska. =0 Z,=15-W +0.08 - W,+10.0 - W, +5.0 - NDA
1994 W,+03 W, +0.1-W,
R. Jagielto. 7, =-224461+2.122 - W, +5.738 - W, + .
2 12013 70 1007 w,+0323 - W, (services) 91.25%
. 7 =-1.8603 + 12.296 - W +0.1675 -
JP 1 0,
3. | R. Jagietto. 2013 >0 W, +1.399 - W, (industry) 92.50%
E. Maczynska
4. |and M. Zawadzki. >0 W;Arjj N 495‘5‘78WVZ 0+8f)26 13W W2+4;8246 85.20%
INE PAN F. 2006
E. Maczynska
5. [and M. Zawadzki. | >0 ngNfo s 98W W0 w2903 88.40%
INE PAN G. 2006
M. Hamrol,
B. Czajka 7, =3.562 W, + 1588 W, +4.288 .
6 land M. Piechocki. |~ ° W+ 6719 - W, 2368 96.00%
2004
. —2.50761 - W, +0.00141147 - W, —
Hl 5 9 0,
7. | D- Hadasik. 1998 =0 0.00925162 - 17, +0.0233545 - W, +2.60839 | 187
' =0.703585 « W, — 1.2966 - W, 2.21854 -
8. |D. Hadasik. 1998 >0 W + 1.52891 - W, +0.00254294 ¥, 95.45%
0.01140733- W, + 0.0186057- 7, + 2.76843
. — 1.3301- ¥, + 0.04094 ¥, — 0.0038:
— H3 0,
9. | D. Hadasik. 1998 | >-0.3842325 W 216525 W 400235 '+ 16238 88.52%
Z,,=0.365425 W, 0.765526" W, — 2.40435-
10. | D. Hadasik. 1998 | >-0,374345 | W,+1.59079- W, +0.00230258 I, — 00127826 | ~ 95.08%
W, +236261
. =—2.62766 - W, +0.0013463 - W, —
| HS 0,
11. | D. Hadasik. 1998 | >-0,354915 |t = W 00272307 - W £ 21753 | 9344
Z,,=0.335969 < W,—0.71245 - W,—2.4716 -
12. | D. Hadasik. 1998 | >-0,42805 | W+ 146434 - W, +0.00246069 - ,~0.0138937 - |  96.72%
W, +0.0243387 < W, +2.59323
. 7, =—-2.3001 - W, +0.00153002 - W, — .
13. | D. Hadasik. 1998 0 0.0104159 - I, +0.0286736 - W, +2.6571 oL.07%
Z, =—1.98281 - W, +0.00118429 - ¥, +
14. | D. Hadasik. 1998 | >-0,227935 |0.180604 - ¥, — 0.00847833 - W+ 1.53416 - 92.54%
W,,+0.0235729 - W, +1.97095
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D. Appenzeller
7, = 1.286 - W,~1.305 - W,~0.226 - W, +
ASz1 1 2 3 0,
15. |and K. Szarzec. >0 3015 - W —0.005 - W.—0009 - W — 0661 85.29%
2004 s s 6
D. Appenzeller 7, = 0.819138 - I, +2.56661 - W,
16. |and K. Szarzec. >0 0.00500208 + 7, +0.000628865 - I¥, — 88.23%
2004 0.00951358 - ¥, - 0.556326
Z,,=~1.44979 +3.55401 - W, +2.14847 -
& M4 4
17. gbg/éa“anka' >0 W,—0.33302 - W,+4.81862 - IV, +0.05236 - 91.25%
W, +2.52164 - W,
T. MaSlanka. Z,,=2.26566 + 6.00203 W, — 0.57200 - .
18- 12008 =0 W,+ 11.85751 - W,,—0.01632 - 7, 92:50%
J. Gajdka 7, = 0.017803 - I, + 0.588694 - I, +
19. |and D. Stos. <0,32268 | 0.138657 - W,—4.31026 - 7, 0.01038 - 85.00%
1996 W+ 043744
1. Gajdka Z.., = 0.20098985 - ¥, +0.0013027 -
20 | oo | T 044 |, % 07609754 - W, +0.9659628 - 82.50%
108 W,—0.341096 - I,
. 7y = 0.7732059 — 0.0856425 - ¥, +0.0007747 -
GS4 1
21. JDGS?O‘ikal ;’gg >045 | W,+0.9220985 - W, +0.6535995 - 92.50%
108 W,—0.594687 - W,
J. Gajdka 7o =—0.0005 - W, +2.0552 - W, + 1.7260 - .
22 | and D. Stos. 1996 =0 W+ 0.1155 - W, - 0.3342 100.00%
7, =—1.568492770195 + 6.5244812965393 -
B. Prusak. W+ 0.147970467805862 -
— 1 0,
2312004 700y 4 0.406149059534073 - 100.00%
W, +2.17539358139038 - 7,
B. Prusak. Z.=6.9973 - W,+0.1191 - W, +0.1932 -
P3 1 2 0,
2412004 0 w16 97.:86%
M. Tymoszuk. Z,=14.71330 - W, —0.00157 - N
25 12013 -0 W,~0.03304 - W, + 6.80845 - IV, 7.35595 85.29%
7, =—1.97+235 W,~2.90 - W, 2.68 -
T. Korol. W+ 0.79 - 7,
8 9 0,
26- 12010 Zun=Zun | Znon =349+ 9.93 - W,— 0.05 - W, 0.62 - 86.79%
W+ 1.19 - 7,

Source: Author’s own elaboration.

3. Research results

The results of correct indications of the financial condition of companies made using the
models presented in point 2 are presented in Table 2. The research sample consisted of 10
enterprises from the IT sector (AB, Action, Asseco, Magdalena Mucha Przedsi¢biorstwo
Wielobranzowe Batna, Dell Products [Poland], Zaktady Urzadzen Komputerowych Elzab,
Flextronics International Poland, Introl, Nokia Solutions and Networks, NTT System),
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10 enterprises from the automotive sector (Volkswagen Poznan, Trw Polska, Solaris Bus
Coach, Sitech, Saint-Gobain Innovative Materials Polska, Nexteer Automotive Poland,
MAN Trucks, Hutchinson Poland, Faurecia Watbrzych, Firma Oponiarska Debica), and 10
enterprises from the WIG 20 portfolio (CCC, CD Projekt, Energa, JISW, KGHM, Lotos, LPP,
Orlen, PGE, Tauron), which in 2017 continued their activities, and 10 enterprises for which
an application for bankruptcy has been filed (Euro Cargo, Instal, Kastor, Persena, Polkap,
Resbud, Transsystem, Watex, ZM Degbica, Zielona Energia). The data of the operating com-
panies were generated from the EMIS database and the National Court Register and were
included in the sample based on the highest asset value criterion.

According to the research, the financial condition of enterprises representing the research
sample from the IT industry, automotive industry and the WIG 20 portfolio is not endan-
gered. It is true that some models indicated individual cases of bankruptcy, but taking into ac-
count the indications of other models, it should be stated that these were incorrect indications.

Table 2. Results of correct indications based on the results of discriminative models
for the selected sample of 40 companies

Correct indication
No. Model author (model number) of 40 e(:lftgrlgrfsoer:‘ii(eiiange d

in descending order

1. E. Mgczynska (Z,,) 93%

2. M. Hamrol, B. Czajka and M. Piechocki—the Poznan model (Z,,. ) 93%

3. D. Hadasik (Z,,) 93%

4. D. Hadasik (Z,,) 93%

5. D. Appenzeller and K. Szarzec (Z,,)) 92%

6. T. Maslanka (Z,,,) 92%

7. E. Maczynska and M. Zawadzki—INE PAN G (Z,, ) 91%

8. D. Hadasik (Z,,) 90%

9. D. Hadasik (Z,,,) 90%

10. D. Hadasik (Z,,) 90%

11. E. Maczynska and M. Zawadzki—INE PANF (Z,,, ) 89%

12. D. Hadasik (Z,)) 88%

13. D. Hadasik (Z,,) 88%

14. D. Hadasik (Z,,,) 85%

15. R. Jagietto (Z,)) (Z,,) 85%

! In the case of companies that published a profit and loss account in the comparative variant, it was
not possible to apply all discriminatory models.
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16. T. Maslanka (Z,,,) 85%
17. T. Korol 82%
18. D. Appenzeller and K. Szarzec (Z,, ) 79%
19. J. Gajdka and D. Stos (Z,,) 76%
20. M. Tymoszuk (Z,) 71%
21. B. Prusak (Z,,) 66%
22. J. Gajdka and D. Stos (Z,) 63%
23. J. Gajdka and D. Stos (Z,) 52%
24. B. Prusak (Z,,) 46%
25. J. Gajdka and D. Stos (Z,,,) 38%

S ource: Author’s own elaboration.

According to the research, the highest efficiency was achieved by the models of E. Maczynska,
M. Hamrol, B. Czajka and M. Piechocki (the Poznan model) and D. Hadasik (5) and (8), which
amounted to 93%. Taking into account the sample of 40 companies, the model of E. Maczynska
incorrectly classified one company which continued operations and two enterprises for which
a bankruptcy application was filed. However, the Poznan model incorrectly classified two
enterprises which continued operations and one bankrupt enterprise whereas the models
5 and 8 by D. Hadasik correctly classified all enterprises operating, while wrongly classified
3 bankrupt enterprises. It should be noted that these models were constructed by the authors
in 1994, 1998 and 2004, respectively, 26, 22 and 16 years ago, which means that with the
passage of time the models did not lose the ability to predict.

Thus, the research hypothesis was rejected.

A slightly lower efficiency, i.e. 92%, was demonstrated by D. Appenzeller and K. Szarzec
model (2) and the T. Maslanka model (4). These models incorrectly classified 2 “operating”
and 1 “bankrupt” enterprises.

In the top of ten models that most accurately represented the financial condition were also
the INE PAN model G—91% and D. Hadasik models (2), (6) and (7)—90%. It should be
noted that D. Hadasik’s models correctly qualified enterprises which continued operations in
100%, while the incorrect indications concerned only bankrupt enterprises.

The correct classification from 76%-89% was presented by models of INE PAN F, D. Ha-
dasik (1), (3) and (4), R. Jagietto, T. Maslanka (24), T. Korol, D. Appenzeller and K. Szarzec (1),
J. Gajdka and D. Stos (4). In this group, the model by D. Hadasik (3) correctly classified all op-
erating enterprises, whereas the T. Korol model and J. Gajdka and D. Stos model (4) correctly
classified all enterprises threatened with bankruptcy.

The remaining models were characterized by efficiency at the level of 38%—71%. The
weakest predictive ability was demonstrated by the model of J. Gajdka and D. Stos (2). How-
ever, it should be noted, that most of the models included in this range correctly classified the
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companies which applied for bankruptcy because the percentage of correct indications was
in the case of B. Prusak model (1) and J. Gajdka and D. Stos models (2), (3) and (5)—100%,
while for the models of M. Tymoszuk and B. Prusak (3)—80%.

It should also be noted that the models were estimated on the basis of a certain group of
companies from various industries and with a specific asset value. Therefore, there may be
a mismatch between the enterprise and the model. That is why it is so important to use several
models to exclude a possible mismatch.

4, Conclusions

Taking into account the results, it can be concluded that not all discriminant models are a reli-
able source of information about the company’s financial condition and do not allow predicting
the risk of bankruptcy of the company. Of the 25 discriminant models covered by the study:

— 10 correctly reflected the financial condition of enterprises, as their prediction ability

amounted to at least 90%. These were the models of E. Maczynska, M. Hamrol, B. Czajka,
M. Piechocki—the Poznan model, D. Hadasik (5) and (8), D. Appenzeller, K. Szarzec (2),
T. Maslanka (4 ), E. Maczynska, M. Zawadzki—INE PAN G, D. Hadasik (2), (6) and (7).
Taking into account the date of the model’s creation, it should be noted that among those
listed there is the first model designed for enterprises operating in Poland, i.e. the model
of E. Maczynska from 1994, while the youngest one is the model by T. Maslanka (4) from
2008. Note that the companies included in each analytical sample on the basis of which
the above forecasting models were built covered various sectors, hence it can be concluded
that these models are universal and therefore their prognostic value is so high;

— 9 models presented efficiency ranging from 76% to 89%;

— 6 models were characterized by the prediction ability at a level below 75%, so at least

one in four companies was misclassified.

In the opinion of the author who conducts the research, decisions made, for example, by
managers, owners or financial institutions on the basis of models whose forecasting ability is
below 75%, constitute too high a risk that it will be incorrect.

As indicated in the introduction, so far many attempts have been made to analyze the pre-
diction ability of discriminant models. Changing economic realities means that individual
models should be successively verified to be sure that they accurately reflect the financial
condition of enterprises.

It should be emphasized that the models that showed the highest prediction ability were con-
structed by the authors in 1994, 1998 and 2004, respectively, which means that with the passage
of time they did not lose their prediction ability. Thus, the research hypothesis was rejected.

Due to the fact that the models are not 100% effective, in order to accurately analyze the
company’s financial condition and avoid the risk of misdiagnosis, other available methods of
financial analysis should be used.
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Skutecznos¢ predykcji wybranych modeli analizy dyskryminacyjnej

Abstrakt: Celem artykulu byta weryfikacja skutecz-
nosci predykcji wybranych modeli analizy dyskry-
minacyjnej na przyktadzie proby 40 przedsigbiorstw.
Dane przedsigbiorstw pochodzity z bazy danych EMIS
i w przypadku przedsigbiorstw kontynuujacych dzia-
falno$¢ dotyczyly 2017 roku, natomiast w przypadku
przedsigbiorstw upadtych byly to dane na rok przed
upadtosciag. W artykule zaprezentowano modele ana-
lizy dyskryminacyjnej, ktore sg zaliczane do systemow
wczesnego ostrzegania o zagrozeniu upadtoscia przed-
sigbiorstwa. Otrzymane wyniki pozwalaja na oceng sy-
tuacji finansowej przedsigbiorstwa, a wigc moga wply-

wacé na racjonalizacje¢ zarzadzania przedsigbiorstwami
i ich kontroli np. przez rady nadzorcze, biegtych rewi-
dentéw czy tez sady gospodarcze. Na podstawie wyni-
kow z proby czterdziestu przedsigbiorstw, w tym dzie-
sigciu, dla ktorych zostat ztozony wniosek o upadtosc,
stwierdzono, ze wigkszos¢ zastosowanych w artykule
modeli dyskryminacyjnych wlasciwie odwzorowata
dobra lub zagrozona kondycje finansowa przedsigbior-
stwa. Przeprowadzone badania wskazaly, ze modele
dyskryminacyjne utatwiaja podejmowanie decyzji, nie-
mniej nalezy mie¢ na uwadze, ze nie odznaczaja si¢ one
stuprocentowa skutecznos$cia.

Stowa kluczowe: analiza dyskryminacyjna, sytuacja finansowa przedsi¢biorstwa, kondycja finansowa przedsigbiorstwa




