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Abstract

Bankruptcy is an almost ancient and prevalent category. According to the law, bankruptcy means the inability of
a business entity to pay its debts. Bankruptcy can be considered from two aspects: bankruptcy from an accounting
perspective and bankruptcy from an international law perspective. Bankruptcy prediction models are also
proposed. Bankruptcy prediction models are divided into three categories from the point of view of time interval:
point models, interval models, and probabilistic models. Of course, different methods for predicting bankruptcy
exist, such as ratio analysis and market risk. As mentioned above, various bankruptcy models exist, such as
Altman [1-3], Springate [4], Ohlson [5], Fulmer [6], Zmijewski [7], Zavgren [8], Shirata [9], etc. This study deals
with the theoretical analysis of each of these models. This study aims to present and explain models for predicting
bankruptcy. Finally, it can be stated that it does not matter which model and which criterion (financial or non-
financial) is used to indicate distress and bankruptcy; the important thing is to use the models for prediction and,
consequently, to take the necessary and appropriate policies according to the prevailing conditions in the business

unit to prevent and avert this financial event.

Keywords: Financial crisis patterns, Bankruptcy models, Bankruptcy prediction methods, Ratio analysis and
market risk.

1| Introduction

Bankruptcy is an almost ancient concept and is very common. It may occur in a small retail store that is unable
to pay its rent and, therefore, closes or in a large manufacturing company due to a lack of favorable liquidity
and continuous annual losses. Bankruptcy is one of the most important and influential phenomena in the
economic and financial environment, and it can have wide-ranging consequences for economic firms,
shareholders, and other stakeholders [10-12]. Predicting bankruptcy is a key area in accounting, finance, and
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economics studies. This helps identify financial and managerial risks and allows policymakers, managers, and
investors to formulate appropriate strategies to prevent crises [13].

Over the past decades, numerous theories, models, and techniques have been developed to predict
bankruptcy. These tools include traditional financial models such as the Z-Altman Score model, statistical
methods, etc. This study aims to systematically review these theories, models, and techniques, examine the
strengths and weaknesses of each, and identify future directions for research in this area. This study provides
a comprehensive review of bankruptey prediction theories, helping clarify this field's conceptual foundations.
Examining classical and modern theories on bankruptcy will help better understand the mechanisms of risk
and financial behavior of firms. Also, by identifying the limitations of previous studies, this study offers
suggestions for expanding future studies.

2| Bankruptcy Definition

Bankruptcy In financial literature, words such as unfavorable financial situation, failure, failure of business
units, deterioration, bankruptcy, inability to pay debts, etc., are used to describe bankruptcy. Bankruptcy is a
legal process by which the assets of a debtor who cannot pay its debts are generally seized for the benefit of
creditors. Bankruptcy means helplessness in business and commerce, and it is a state of business in which a
company has suffered losses and cannot pay its debts. Throughout history, there has always been bankruptcy
for merchants. Still, the creditors' treatment of bankrupt debtors has been very harsh and violent, so much
so that they considered themselves entitled to arrest and imprison the debtor, as well as to enslave and sell
him, and even to kill bankrupt debtors [14].

Over time, the distinction between simple bankruptcy and bankruptcy due to fraud reduced the severity of
creditors' actions and varied their treatment depending on the case. Bankruptcy means helplessness in
business and commerce. When a company becomes insolvent in its transactions and cannot pay its debts on
time, we say it is insolvent. When a company cannot meet its financial obligations to its domestic or foreign
counterparties on time, we say in legal terms that it is suspended and bankrupt. Finally, according to the
Bankruptcy Law, Article 412 of the Commercial Law approved on 13/12/1311, bankruptcy is defined as
follows:

The bankruptcy of a businessman or commercial company results from the cessation of payment of the funds
for which he is responsible.

3 | Bankruptcy from an Accounting Standpoint

Bankruptcy is possible in two ways from an accounting perspective:

I. Operational bankruptcy: when the value of a company's assets becomes less than its liabilities but continues
to operate, a type of bankruptcy known as operational bankruptcy has occurred. This bankruptey clearly
indicates that the company's operations are unprofitable, but the company continues to operate anyway.

II. Liquidity bankruptcy: this type of bankruptcy occurs when a company's debts come due, and it cannot pay
them. It is more common.

The two types of bankruptcy described above have different theoretical frameworks that provide financial
metrics for creating bankruptcy prediction models. Since liquidity bankruptcy occurs more frequently,
liquidity ratios have been hidden in the structure of bankruptcy prediction models from the perspective of
the providers of these models and have been widely used so that most bankruptcy prediction models have
one or more vatiables derived from liquidity ratios [15]. Of course, liquidity bankruptcy processes due to a
decrease in the company's cash may be related to activity bankruptcy and vice versa. There are two ways in
which bankruptcy is legally possible.

I. Compulsory bankruptcy: in compulsory bankruptcy, one or more creditors whose claims exceed a certain

amount can file a lawsuit.
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II. Voluntary bankruptcy: in voluntary bankruptcy, a person files a lawsuit in court to request a declaration of
bankruptcy. For example, the bankruptcy of Sogo Corporation in Japan, which declared bankruptcy with 1.87
trillion yen ($17.3 billion) in debt.

4| Methods for Predicting Bankruptcy

Two methods are used to predict bankruptcy: key indicators and fundamental analysis. The difference
between these two methods is that key indicators indicate imminent bankruptcy, while fundamental analysis
predicts the probability of bankruptcy in two to five years. However, the accuracy of fundamental analysis is
lower than that of key indicators. However, many people consider its advantages greater than those of key
indicators because it reflects the situation for extended periods. However, in fundamental analysis, the
methods are divided into two groups: ratio analysis and market risk analysis.

5| Analyzing Ratios

A ratio is generally a measure of the relative relationship between two variables. A ratio allows you to compare
several companies, even if their activities differ. Calculating a ratio is not difficult, but interpreting it is. One
of the most important goals in analyzing ratios is to help predict a company's future. Investors use several
ratios to predict corporate bankruptcy, although these ratios vary from study to study. Typically, similar ratios
are used, including profitability ratios, debt or leverage ratios, and liquidity ratios.

6 | Analysis of the Market Risk

The importance of this method can be seen in the probability of a company going bankrupt due to changes
in market risk. Risk is the uncertainty of the return on an investment or asset. Today, most researchers
associate an investment's risk with changes in market rates. That is, the mote an investment's return changes,
the riskier the investment. One indicator used to measure changes in returns is the standard deviation,
represented by the symbol 8.

To calculate the standard deviation, you must first find the average or mean return (f;). Then you need to
calculate the difference between the average returns of each period (ry,), square this value, add them together,
divide the result by n-1, and then take the square root of the resulting number:

§o Mn~ r?

n—1
Therefore, standard deviation is a basic measure of the variability of investment returns (risk). When an
investor wants to decide whether to buy a particular type of stock or bond, the standard deviation and the
average returns of previous years for that type of security can provide valuable information. However,
investors are also interested in knowing the future returns of bonds. After studying the effects of various

economic conditions on companies' assets, analysts predict and calculate expected future stock prices and

dividends [16].

The following equation is used for the calculation of the average (expected value) of the rates of return.

n
E(r) = Z rist.
s=1

In this relationship, (Tts) represents the probability of the desired event, i.e., the probability of occurrence of
the state that the given economic system will face. Thus, the expected return is nothing more than the
weighted average of the returns of the possible states, where the weight of each return is the percentage of

the probability of its occurrence. Therefore, the variance of the possible returns is calculated as follows:

n
8= s~ E@P .
s=1
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When calculating the standard deviation, it should be noted that the greater the dispersion of values relative
to the value, the larger the standard deviation will be. Therefore, more significant standard deviations indicate
that these companies are morerisky and have a higher probability of bankruptcy.

7| Predictive Models for Bankruptcy

Regarding bankruptcy prediction, various models have been expressed and explained by researchers, such as
Altman [1-3], Springate [4], Ohlson [5], Fulmer [6], Zmijewski [7], Zavgren [8], Shirata [9], etc., and we will
briefly describe some bankruptey prediction models below:

7.1| Altman Model

In 1968, Altman [1] was able to obtain acceptable results on bankruptcy based on financial ratios. Using the
multiple audit analysis method and financial ratios, Altman [1] presented his Z-model bankruptcy prediction
model. Altman [1] proposed his model by combining five financial ratios, which we will discuss below:

Z(SCORE) = 0.012 * X1 + 0.014 * X2 + 0.033 * X3 +0.006 * X4 +0.999 * X5.
X1: Working capital/total assets

X2: Retained earnings/total assets

X3: Earnings before interest and taxes/total assets

X4: Market value of equity/book value of total liabilities

X5: Sales/total assets

Altman's model concludes that companies with a Z-score of less than or equal to 1.81 often go out of business,
while companies with a Z-score of more than 2.99 are in good financial shape.

In 1977, Altman proposed another model called Z' to address the problems of his model. The difference
between this and the previous model was in the coefficients and the use of the book value of equity instead
of its market value.

7' = 717/0X, + 874/0X, + 3/1X; + 42/0X, + 998/0X.

Altman concludes from his model that companies with a Z' scotre of less than or equal to 1.21 often go
bankrupt, and companies with a Z' score above 2.99 are in good financial shape.

In 2000, Altman |2] proposed a different model that eliminated the ratio of sales to total assets.
7' = 5/6X, + 26/3X, + 72/6Xs + 05/1X,.

Altman [2] concludes from his model that companies with a Z" score less than or equal to 1.1 often go
bankrupt, and companies with a Z" score above 2.6 are in good financial condition.

7.2| Springate Model

Springate continued Altman's studies in the atea of creating a bankruptcy model. In 1978, he created a model
known by his name. Springitt first selected 19 financial ratios that he considered to be the best financial ratios
for determining whether a company is active or bankrupt, and then, using multivariate analysis, selected four
financial ratios from them and, after finding the relevant coefficients and the range of prediction, presented
the following model:

Z =1.03A+ 3.07B + 0.66C + 0.4D.

A: Working capital/total assets
B: Earnings before interest and taxes/total assets

C: Earnings before taxes current liabilities
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D: Revenue/total assets

In the Springate model, a company will not go bankrupt if the calculated Z is greater than 0.862. If a
company's Z is less than 0.862, it will go bankrupt. Springate tested his model on 40 companies in 1979. He
obtained an accuracy rate of 92.5% for the year before bankruptcy.

7.3 | Ohlson Model

Ohlson presented a logit model that can be used to examine the effect of four main factors on the probability
of bankruptey. These four factors are the company's size, the criteria of the company's financial structure, the
performance criterion, and the liquidity criterion. The following nine financial ratios were selected as

independent variables representing these four factors.

X1 (size): Total assets/ GDP price level index

X2 (financial structure): Total liabilities/total assets

X3 (petformance measure): Working capital/total assets

X4 (liquidity measure): Cutrent liabilities/current assets

X5 equals one if total liabilities exceed total assets and zero otherwise.

X6 is the ratio of net income to total assets.

X7 is the ratio of funds from operations to total liabilities.

X8 equals one if net income has been negative for the last two years and zero otherwise.
X9 is a measure of the change in net income.

Based on the above information, three models are proposed. Mode/ (A) predicts that the company will go
bankrupt within one year.

Pattern (A)= 32/1- — 407/0X, + 03/6X, — 43/1X; + 0757/0X, — 37/2Xs — 83/1X, + 285/0X, + 72/1Xg —
21/5X,.

Mode! (B) predicts that the company will go bankrupt within two years. This is assuming that it does not go
bankrupt in the first year.

Pattern (B)= 84/1- — 519/0X, + 76/4X, + 71/1X5 + 297/0X, — 74/2Xs — 18/2X, + 780/0X, — 98/1X5 —
4218/0X,.

Model (C), it is predicted that the company will go bankrupt within a year or two, and it is expressed in the
following way.

Pattern (C)= 13/1- — 478/0X, + 29/5X, — 990/0X; + 062/0X, — 62/4Xs — 25/2X, + 521/0X, — 91/1X5 —
212/0X.

7.4| Fulmer Model

Fulmer [6] is a professor of finance in the department of accounting and finance at the university of tennessee
at chattanooga. In 1984, he developed a model for predicting corporate bankruptcy. To present this model,
Falmer used multivariate analysis to evaluate the applicability of 40 financial ratios. He selected 9 of the 40
ratios using the above method to test and create a bankruptcy prediction model. To test his bankruptcy
prediction model, Falmer used a sample of 60 companies, 30 of which were bankrupt and 30 of which were
non-bankrupt. Falmer's model is as follows:
H=0.528V,+0.212V,+0.073V,+1.27V,-0.12V5 +2.335V,+0.575V, +1.083V4+0.894Vy-6.075.

V;: Retained earnings/total assets

V,: Sales/total assets
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<

: BBT/equity

: Cash flow/total debt

<

<

: Debt/total assets

<

: Current liabilities/total assets

<

: Log tangibie total assets

<

: Working capital/total debt

<

: Log EBIT/interest

In the above model, if H is less than zero, the company under study will go bankrupt; otherwise, the company
will not go bankrupt. The results of Fulmer's research showed that the accuracy of this model in predicting
bankruptcy for one year before bankruptcy was 98%, and for more than one year before bankruptcy was
about 81%. The Fulmer model has the highest accuracy in predicting corporate bankruptcy compared to any
bankruptcy prediction model created to date. This is due to Fulmer's emphasis on creating a model that

minimizes Type 1 errors.
7.5 | Zmijewski Model

Zmijewski used financial ratios, liquidity, performance, and leverage in his model to achieve an overall model

accuracy of 92%.
Z=—-45A+57B+0.04C—4.3.

A: Net income/total assets

B: Total liabilities/total assets

C: Current assets/current liabilities

In this model, any company above the 50% range is considered non-bankrupt; otherwise, it is considered
bankrupt.

7.6 | Zavgren Model

In developing his model, Altman [3] assumed that the variables were selected from a population of firms with
a normal distribution. Still, if not all of the variables had a normal distribution, then the results of applying
the model could indicate an inappropriate set of bankrupt firms. Christian Zavgren [8] developed and
proposed a new model to solve this problem. He used nonparametric statistical analysis and logit analysis to
develop his model variables. He no longer relied on assuming a normal distribution of variables in the
population, as Altman [3] had done. In addition, unlike Altman's and other earlier models, Zavgren's model
did not purport to classify firms into bankrupt and normal (healthy) firms. Instead, he presented his model
output as a number between zero and one, representing the probability of a firm going bankrupt. Since the
Zavgren forecasting model does not assume normality in the formulation of the coefficients of the model
variables and uses nonparametric statistics and logit analysis, its measurement accuracy is higher than that of

previous models.

On the other hand, its output is not limited to two states: the company goes bankrupt or does not go bankrupt.
Instead, it uses a probability number between zero and one to explain the financial stress of the firm, which
gives the probability of the firm going bankrupt, which is above 0.5 for bankrupt firms and below 0.5 for
normal firms. The model developed by Christian Zavgren, which uses logit statistical analysis, can be

summatized as follows:

Y = 0.23883 — 0.108x, — 1.583x, — 10.78x; + 3.074x, + 0.486x5 — 4.35%¢ + 0.11x,.
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x1: Average inventory for sale.

x2: Average receivables to average inventory.

x3: Cash plus short-term investments to total assets.

x4: Current assets to current liabilities.

xs: operating profit to total assets excluding current liabilities.

x¢: Non-current liabilities to total assets excluding current liabilities.

x7: Sales to net current assets plus fixed assets.

1

1+e7Y’

Bankruptcy possibility

In the model, variables with negative coefficients increase the probability of bankruptcy because they decrease
e™Y. Variables with positive coefficients also reduce the likelihood of bankruptcy because they push e™
toward one. The output of the model, which is related to the company's likelihood of bankruptcy, is a number
that ranges from zero to one. The larger the number and closer it is to one, the lower the company's
bankruptcy probability.

7.7 | Shirata Model

To overcome the weaknesses of some of the models above, Shirata proposed a model in 1998 that has an
accuracy of 86.14%. This model follows the method of multiple discriminant analysis.

Z = 014/0X, — 003/0X, — 058/0X; — 062/0X, + 7416/0.

x1: Retained earnings to total assets.

x2: Current yeat's liabilities and equity to previous yeat's liabilities and equity.

x3: Interest expense to the average annual total of discounted loans, debts, bonds, and notes receivable.
x4: Average total of accounts payable and notes payable to be sold.

In this model's analysis, any company above the 38% range is considered non-bankrupt; otherwise, it is
considered bankrupt.

8| Using Non-Financial Information to Predict Corporate
Bankruptcy

Over the past sixty years, much research has been conducted on bankruptcy prediction, and various models
have been proposed that use financial information to predict corporate bankruptcy. This paper examines the
effect of using non-financial information to predict bankruptcy. Keasey and Watson [17] used several non-
financial variables together with financial ratios and again without financial ratios and alone in predicting
corporate bankruptcy.

They selected 73 bankrupt and 73 non-bankrupt companies from 1970 to 1983. In this study, the dependent
variable is bankruptcy or non-bankruptcy, and the independent variables are as follows:

1. Model 1: Financial ratios only
II. Model 2: Non-financial information only
III. Model 3: Financial and non-financial information

Their research showed that the use of non-financial information along with financial ratios showed better
results concerning small business failure than the use of financial ratios alone. The results of the three models
were 78% for Model (1), 75% for Mode/ (3), and 82% for Mode/ (2). The non-financial variables section examines
factors such as the ownership structure of companies, changes in stock prices, and whether companies
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changed independent auditors in the years before bankruptcy [18]. The ownership structure of companies
examines the discussion of the separation of management from ownership and its problems and that the
structure of the company's board of directors plays an important role in solving such issues, as well as in
implementing laws, adopting appropriate policies and controls, and providing services. As a result, there is a
very close relationship between board members and the company's performance. The trend of stock price
changes suggests that before companies go bankrupt, adverse changes in their stock prices are likely to
indicate that the company is in bad shape. Bankrupt companies are likely to change their auditors and make
their accounting practices look better by changing their accounting methods and manipulating some accounts

in the hope of getting a favorable audit report.
9| Conclusion

As the definition of bankruptcy makes clear, bankruptcy is the inability of a business to pay its debts and can
occur in any business entity. Several models have been proposed to predict bankruptcy. Some models based
on ratio analysis have been proposed, such as Altman [1-3], Springate [4], Ohlson [5], Fulmer [6], Zmijewski
[7], Zavgren [8], Shirata [9], etc. A theoretical study of each of these models was conducted. These ratios can
be beneficial in predicting a company's financial distress, but they are financial measures, and there are non-
financial measures that can also help us in this prediction [19]. Finally, it does not matter which model and
criterion (financial or non-financial) is used to predict distress and bankruptcy because, with a certain
percentage of error, all models make the prediction correctly. The important thing is to use the models for
prediction and, consequently, to take the necessary and appropriate actions according to the conditions
prevailing in the business unit to prevent and avert this financial event. Studies in bankruptcy prediction play
an important role in financial management and economic risk reduction. This study provides a comprehensive
picture of bankruptcy prediction tools by examining existing theories, models, and techniques and analyzing
the advantages and disadvantages of each. The results of this review show that each model or technique has
its strengths and weaknesses, and the selection of the appropriate tool depends on the specific characteristics
of the firm, industry, and market conditions [20], [21].

This study's special focus on emerging markets such as Iran has provided a good opportunity to understand
the challenges and limitations of bankruptcy prediction in dynamic economic environments. Given the need
for indigenous strategies, the findings of this study can help formulate more efficient policies and tools.
Finally, this study emphasizes the importance of combining traditional methods and modern techniques, such
as machine learning, to achieve more accurate predictions. Future research should focus on analyzing real
data and evaluating the practical results of these models in different industries to gain a deeper understanding
of bankruptcy dynamics.
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