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Abstract: 

 
Due to the increase in corporate bankruptcy cases worldwide, the need has increased to find a way 

to protect companies from bankruptcy by finding a scientific model that enables business owners to 

predict it before it occurs. Therefore, the interest in predicting bankruptcy has recently become one 

of the most critical topics in accounting, finance, and finance. 

  

This study aims to find the best ways to predict bankruptcy using advanced financial analysis 

methods. In order to achieve this purpose, the study methodology relied on the use of quantitative 

analysis methods first, then qualitative analysis methods, and then the combination of quantitative 

and qualitative methods, in addition to using business evaluation methods, sensitivity analyzing 

methods, and a credit health panel. 

  

The study began by testing the most critical previous predicting models based on the latest 

financial data from three years before bankruptcy occurred to ensure that it is still influential today. 

Then the study established a comprehensive model that could use for all kinds of companies and 

business sectors in one model. The new model proved that it has a high ability to predict up to 

72%. Non-quantitative methods are also used to analyze the annual reports and the CEO’s letters to 

the shareholders. Finally, quantitative, and non-quantitative methods merged into the 

comprehensive model. Sensitivity analyses proved that the merge increased the model’s predictive 

efficiency to 89%. 

  

This study will increase the ability of companies to protect themselves from bankruptcy by 

providing them with a modern model for early prediction of bankruptcy before it occurs. In 

addition, the recommendations resulting from the study will help companies discover weaknesses 

in their financial structure and fix them before reaching the final stage of bankruptcy. 
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Bankruptcy, predict financial analysis, Corporate evaluation, credit risk 

management, financial ratio, Failure determinants. 
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1. Introduction 
 

The introduction section will provide a brief background about bankruptcy prediction. The 
section on the problem area will analyze more deeply what is a problem area in the 
subject of bankruptcy prediction. The Contribution of the study will analyze the added 
values that this study added to the subject of bankruptcy, predicting more than previous 
studies; then, before ending the introduction section, it will discuss the importance of the 
study by presenting real examples from Sweden's statistical studies. 

 

 
1.1 Background 

At the beginning of the sixties of the last century, it became apparent to those interested in 

investment analysis, credit evaluation, and risk analysis that classical analysis using financial 

ratios could no longer meet their needs. As a result, two main trends have emerged. The first 

trends consider that the academics will altogether dispense with the classic method of 

analysis using traditional financial ratios. In contrast, another trend has emerged that calls for 

bridging the gap instead of severing the links between traditional ratio analysis and analysis 

methods that rely on advanced analysis methods. 

 
Business failure has been widely studied, especially after the recent world financial crises, as 

more firms seem to fail now more than ever, so bankruptcy prediction is of increasing 

importance (Qi Yuan 2013). “Bankruptcy prediction has always been one of the most critical 

and challenging tasks in finance and accounting” (Evangelos 2021,Pg 166). Predicting 

corporate bankruptcy is one of the topics that began to appear in the thirties of the last 

century. Earlier. This topic was not attractive due to its limited effects on the economy. 

However, it has become more attractive recently, increasing significantly due to the increase 

in corporate bankruptcies worldwide, which led to economic crises and losses amounting to 

billions of dollars that affected investors, banks, and public and private bodies. The whole 

economy, in general, exceeded the local economy's limits, forming global economic crises 

that crossed continents. 

 
The banking industry sector is the primary supplier of facilities in the economy; he is 

interested in minimizing the amount of non-performing loans to maximize profit on credit 

activity; at the same time, banks are interested in reducing their risk of default. Other interests 

for bankers are capital adequacy and the internal ratings-based approach encouraged by the 

Basel Accords. Nowadays, many users such as bank managers, investors in the capital
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market, and asset managers depend on Bankruptcy prediction models and consider them 

valuable tools. Users such as investors and asset managers need trusty tools to select 

appropriate companies for their portfolios. 

 
1.2 Problem and Research Question 

The main problem area of this study is that previous models on bankruptcy prediction 

were old, complex, and challenging for non-specialists to understand. In addition to that, 

it is unknown if the previous models are still valid until now or not. Due to that, the 

previous research and models were not helpful to business owners in decision-making. 

So, the new investors were refraining from investing because they did not have an 

adequate early warning to signal them about a suitable time for withdrawing from 

companies before their bankruptcy and saving their rights and money from loss. 

At the same time, some companies use financial fraud as a cover-up. For example, 

WorldCom and Enron seem to be doing very well financially on the surface. However, 

they rely on financial fraud to whitewash them, such as fake accounts. In 2002 

WorldCom, the second-largest long-distance telephone company, like Enron, filed for 

bankruptcy in New York federal court. The WorldCom bankruptcy filing was a 

desperate decision after the company's share price plunged to less than USD 1 in the 

wake of an accounting scandal a month ago. At the time, WorldCom admitted it had 

mistakenly treated USD 3.85 billion in overheads as a capital expenditure, giving the 

impression that WorldCom was profitable. Then came the news that WorldCom had 

misreported another USD 3.3 billion in revenue (Akhigbe et al.,2005, p.48-64) Under 

heavy pressure from falling stock prices, WorldCom, a significant global 

telecommunications company with more than 20 million customers, thousands of 

enterprise customers, and 80,000 employees, has been forced to file for bankruptcy. 

According to Gil Sadka, WorldCom has used various means to increase its operating 

income, including the trick of adding stored money to its operating income(Gil 

Sadka,2006,p 439-475). The WorldCom spurious accounting scandals spread one after 

another, seriously damaging investor confidence and causing violent shocks to the 

capital market. In addition to financial fraud, there are other signs of bankruptcy that 

show up in the financial statements, which will be discussed in detail in 4.2. 

So, what are the signs in companies' financial statements before they go bankrupt? 
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How can the bankruptcy of these companies be expected and detected before it occurs? 

How do we learn from it and avoid falling into the quagmire of bankruptcy? 

The fact that no effective practical tools to predict bankruptcy, or in other words, a 

means of early warning of bankruptcy, led to the loss of shareholders' rights and the loss 

of their money and led to economic losses at the individual level and the level of the 

economy as a whole. On the other hand, there is the fact of the development of fraud 

and financial embezzlement methods that have led to the recurrence of corporate 

bankruptcies worldwide. 

 

Previous studies have provided complex models for predicting bankruptcy. The complexity 

of previous models made them difficult to apply; Another gap in the previous studies, in 

addition to the complexity, is that each model needs special conditions for its application in 

terms of the type of companies and their economic activity. The inability of previous models 

to predict bankruptcy effectively based on a mixed sample of American and non-US 

companies, industrial and non-industrial, makes the efficiency of these models limited and 

limited to the scope of certain conditions, which constitutes the main incentive for this study 

towards developing a comprehensive model that unifies all those previous models in One 

model can predict bankruptcy with high efficiency, regardless of the type of company, 

whether public or private, industrial or non-industrial, American or non-American. 

 
Accurate financial reports can help predict the company's financial status to help investors 

avoid risks. However, in the past, financial analysts relied on the simple individual use of 

financial analysis ratios in the forecasting process. They considered that this method was 

sufficient to predict the bankruptcy of companies since bankruptcies were limited. It was easy 

to predict their occurrence by analyzing the annual financial statements of companies listed in 

the markets (Platt, 1990). Investigations into the most recently discovered corporate 

bankruptcies have shown that the bankruptcy resulted from a complex series of financial 

manipulations by a group of people in ways that are difficult to detect or predict using 

rudimentary financial analysis methods (Andi Silvana, 2020,Pg 122-127). The recent 

increase in corporate bankruptcy cases and the advanced and organized methods used and 

causing bankruptcy were reflected in the increased interest of universities and research 

centers in this subject and in forcing researchers in the field of accounting and financial 

management. To develop advanced methods that could use in the early prediction of 

bankruptcy to predict early insolvency of companies. These efforts finally succeed in 
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creating advanced methods that have a remarkable ability to predict, depending on advanced 

methods in financial data analysis, financial ratios, forecasting, and business valuation 

science (Edward I, Małgorzata, Erkki, Arto 2017). The most crucial model was developed by 

(Altman) and is known as (Z. Model). 

 
In summary, there is a tangible increase in bankruptcy cases using complex methods of 

embezzlement and financial fraud that result in the loss of shareholders' rights and 

catastrophic damage to the economy. On the other hand, there is a development in early 

forecasting methods to detect bankruptcy before it occurs, and accordingly, we ask the 

following research question: 

How could the advanced methods of financial analysis and Corporate relative 

evaluation be used to predict the bankruptcy of listed companies? 

The variables used in this study consist of 40 variables, divided into ten groups as 

follows: Seven variables for Cash Flow model analysis, five variables for Altman 

model, three variables for Zmijewski model, four variables for Springate model, four 

variables for Grover model, five variables for Liquidity, five variables for Solvency, two 

variables for Leverage, four variables for Profitability, two variables for Efficiency. 

The complete list of variables with their definitions will present later in section 3.2 of 

this study. 

 
1.3 Contribution of the study 

This study will add five significant contributions to the bankruptcy prediction literature: 

First, the study will conduct a test to measure the efficiency of the forecasting method using cash flow 

ratios and whether it is still effective up to the present time. Second, this study will conduct a more 

comprehensive examination of the performance of previous core models for predicting bankruptcy, 

compare their performance in one study, and ensure that they remain adequate. Third, this study will test 

new methods for predicting bankruptcy, including qualitative factors, business valuation methods, 

sensitivity analysis, and a credit health panel. Fourth, this study will cover the gap in previous models 

and design and test a new comprehensive model capable of predicting the bankruptcy of public and 

private companies, industrial and non-industrial, US and non-US. This model will be more efficient than 

all previous models. Five: this study will merge quantitative and non-quantitative methods into one 

model, enhancing our ability to predict. 
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1.4 Importance of the study 
 

“Bankruptcy prediction , acts as an important role in decision-making of various areas, 

including: accounting, finance, business ”(Sun, Jie 2014, Pg 41-56). 

Moreover, the need is increasing to have a reliable tool to predict Bankruptcy. Early 

prediction of financial distress, corporate failure, or Bankruptcy is a vital research field for 

corporate finance (Sun, Jie 2014, Pg 41-56). Bankruptcy prediction predicts whether or 

not a company will fall into financial distress based on the current financial data (Sun, Jie 

2014, , Pg 41-56). Banks and insurance companies need to have an effective bankruptcy 

forecasting tool to help them decide before granting new loans or signing new insurance 

contracts for companies. So new loans are issued, or insurance contracts renewed for 

companies that appear to have good financial solvency only. 

In contrast, no loans or insurance contracts will be issued to companies that expect to go 

into Bankruptcy or financial failure because the risks, in this case, will be much higher 

than the expected returns to be obtained from these contracts. That could help protect 

investors, banks, and government and private agencies from the adverse effects of default 

and the resulting economic crises whose products may extend. Outside the borders and 

turn into global financial crises. According to the Swedish government credit report site 

(kreditrapporten.se), The number of companies that went into bankrupt during the years 

2019-2020-2021 is 18 463 companies, the number of employees affected is 54 359, Total 

turnover before bankruptcy 134 006 (Million SEK) 

Table1: Monthly bankrupt cases of Swedish companies during the last 3 years 
 

Sweden companies that went bankrupt during 2019-2020-2021 

       2019 2020 2021 Total 
Monthly Bankruptcy cases 6 252 6 464 5 747 18 463 
Number of employees affected 20 601 20 455 13 303 54 359 
Total turnover before bankruptcy (M. SeK) 54 939 42 877 36 189 134 006 

Source: kreditrapporten.se     
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2. Framework of the Study 
 

Theoretical Section by providing a deep Motivating for the study and setting its research 
question. Theoretical Section will provide definitions of all terms used in the study to 
enable the reader to understand this study smoothly. Then will move to review the 
previous studies related to the prediction of bankruptcy, which will be the base of 
Hypotheses Development. The end of the theoretical Section will provide a deep 
Motivating for the study and set its research question. 

 

 
2.1 Terms Definitions 

 
Several scientific terms related to the field of bankruptcy prediction have been used in this 

study. Definitions for all of these terms are provided in the Index section. Therefore, the 

author recommends reading the definitions of the terms first in order to gain a complete and 

deep understanding of the content of this study. 

 

 

2.2 Review the previous studies and Hypotheses Development 
 

During the last 50 years, an impressive number of theoretical and empirical research have 

written about predicting bankruptcy (Evangelos, 2021,Pg 166-180), attempting to provide a 

valuable solution for the problem. So, a review of previous literature and studies could help 

us understand the ongoing development in this field. 

 
• Reviewing previous literature and studies related to using Cash Flow Ratios and other  

financial ratios in predicting bankruptcy: 

 
The detection of a company operating, and financial difficulties is a subject that has been 

particularly amenable to analysis with financial ratios (Altman, 2000). Academics argue that 

financial ratios are assumed to be powerful prediction models for assessing a firm's financial 

distress (Azdanfar,2008). The accounting net profit of listed companies recorded in their 

financial statements does not reflect their financial status fairly. However, the cash flow 

ratios can provide a clearer picture of the company's potential to use operating cash flow to 

pay its obligations. It makes the operating cash flow ratio interesting. 
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Moreover, the cash flow ratio could predict a company's bankruptcy (M. Sienly, 2020,Pg 

114-120). Similarly, (Suwaidan M., 2003) researched The Ratio Model Versus the Cash 

Flow Model And The Prediction of Bankruptcy. He concluded that the Total Assets Return 

on Operating cash flow could be used to distinguish between insolvent and non-bankrupt 

companies. (Alostaz, A.O 2015) wrote research about Predicting Corporate Failure Using 

Cash Flow Statements. According to this study, the ratio of Cash current debt coverage, 

Cash interest coverage, operating cash flow margins, and earnings quality can predict 

bankruptcy in the industrial, insurance, investment, and services sectors. (Jones, S.2016) 

conducted a study using Cash Flow-Based Model. His study aims to predict Bankruptcy in 

Australian companies. His study focused on the ratio of total assets return on operating cash 

flow, and the earnings quality ratio is an optimistic estimate of the company's bankruptcy. 

The main conclusion of his study is that the higher the value of the ratio, the higher the 

possibility that the company will not go bankrupt or reduce the likelihood of the company 

going bankrupt. 

 
No agreement about what information is required to build a bankruptcy prediction model. 

However, according to previous studies, the essential information for building a bankruptcy 

prediction model includes the following indices for example: 

(Liquidity, solvency, leverage, profitability, asset composition, firm size, growth), cash flow 

information, and other information on macroeconomic, industry specific, location or spatial 

and firm specific variables (Qi Yuan, 2013). 

 
The author argues that cash flow ratios are no less important than financial ratios based on 

accrual accounting. In his opinion about the importance of cash flow ratios, the author relies 

on an analysis of the reasons for the bankruptcy of the largest American companies based on 

the size of their assets at the time of bankruptcy. The author found that the common reason 

for the bankruptcy of the most prominent American companies is the lack of liquidity, which 

led to their inability to pay their debts or finance their operations, even though the value of 

their assets on the date of bankruptcy amounted to billions of dollars. The most important 

examples of these cases are Chrysler Corporation declared bankruptcy in 2009 due to its 

inability to pay its debts. However, the value of its assets on the date of bankruptcy amounted 

to 39 billion dollars. MF Global went bankrupt in 2011 due to a debt crisis, although the 

value of its assets on the date of bankruptcy was 41 billion dollars. CIT Group went bankrupt 

in 2009 due to a credit crisis, despite having assets of $71 billion on the date of bankruptcy. 
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Its assets amounted to $82 billion at the date of bankruptcy. 

 
(M. Sienly 2020) has used cash flow ratios on a sample of public industrial companies. The 

research aims to establish a model to predict bankruptcy using the logistic regression method 

in data analysis. The research results showed that cash flow ratios with operating cash flow 

margin are considered the most useful in Predicting financial difficulty. (Evangelos 2021,Pg 

166-180) created a bankruptcy prediction model consisting of a set of three variables: the 

quick ratio, cash-flow coverage interest rate, and the economic value added (EVA) ratio, 

and by using multivariate discriminant analysis (MDA) to analyse the data of this study 

sample which consist of a group of industrial companies, The study proved that a 

combination of the three financial ratios achieved a high degree of accuracy in predicting 

bankruptcy even three years before the bankruptcy. (Joseph 1980,Pg 1001-1016) conducted 

a study that relied on financial ratios to compare and analyse the characteristics of risks and 

returns for a sample of bankrupt companies against a similar sample of non-bankrupt 

companies based on the analysis of capital market data. The study concluded that systemic 

risks could not be considered a valuable indicator for predicting the bankruptcy of listed 

companies or the decline in the solvency status of companies over time. (Ramo and Walter 

2010,Pg9-29) conducted a study on the use of financial analysis methods in predicting the 

failure of industrial contribution 

companies by using financial ratios predicting the failure of companies. (Bhandari & others, 

2013,Pg667-676) conduct a study titled "Predicting business failure using cash flow 

statement- based measures." His study aims to build a model to predict bankruptcy using cash 

flow statement- based measures, discriminant analysis techniques, and a data matrix 

consisting of 100 firms and seven predictor variables. The model classified 83.3 % of 

original grouped cases correctly. 

By reviewing the above previous studies, the first hypothesis of this study has been 

formulated: 

 
H1: Cash Flow Ratios are still considered a good tool for predicting the probability of 
companies' bankruptcy till now. 

 
• Reviewing previous literature and studies related to use the Altman , Zmijewski , 

Springate , and Grover Model in predicting bankruptcy: 
 

Altman was the first academic to use multivariate discrimination analysis (MDA) to build a 

Z-Score bankruptcy prediction model for public industrial companies. He used a sample of 66 
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American industrial companies had used to build the model. The sample had divided into two 

groups. The first group included the companies that submitted Already filed for bankruptcy 

under Chapter 10 of the US National Bankruptcy Law. Heterogeneous companies in terms of 

the value of assets or the industries they operate. Companies with an asset value lower than 

one million dollars had excluded from the study sample or small companies for which 

complete financial data was unavailable. 

In contrast, The second group consists of healthy and non-bankrupt companies; as a result of 

his study, he found that the model, if used correctly, can predict corporate problems early 

enough to enable management to avoid bankruptcy. (Gerantonis et al. 2009) conducted a 

study whose purpose was to examine the effectiveness of the Altman Z-Score model in 

predicting the bankruptcy of companies for three years before the date of the actual 

bankruptcy. He found that Altman classical Z-Score model correctly predicts up to 66% of 

actual bankruptcies one year before bankruptcy (t-1), 52% of bankruptcies two years before 

the date of actual bankruptcy (t-2), and only 39% of bankruptcies three years before the 

bankruptcy date Actual (t-3). Altman's original Z-Score model relied on the company's 

market value as one of the model variables, and for this reason, it is only applicable to public 

companies. Later, Altman re-estimated the model and replaced the book value of the shares 

with the market value in X4. Where X4 = book value of equity/value The book value of the 

total liabilities, with the other variables remaining unchanged as they are in the original 

Altman model. Finally, Altman considered that the modifications he later made to the 

original model were not scientifically valid. 

Later, many studies depended on Altman's classic Z-Score model. Those studies depended 

on samples of a group of companies selected from a specific country. As Altman (2000) and 

Bhandari and Iyer (2013), all of these studies used samples from US firms, and Almamy et al. 

(2016) Based on companies from the United Kingdom. Other studies have emerged 

depending on companies from a specific industry, such as Bhunia et al. (2011) and Panigrahi 

(2019), used retail companies. (Andi Silvana 2020) studied Financial Statement Ratio 

Analysis to Predict Bankruptcy on Companies Registered in BEI -Jakarta using Altman Z- 

Score and Zmijewski. The goal of this study was to get accurate information about predicting 

bankruptcy of companies, especially those factors related directly to financial distress. 

 
(S. Balcaen, H. Ooghe) he did a 35-year study on the causes of business failure based on 

classical statistical methods. Although his study contributed to the literature by highlighting 

the importance of using statistical methods and their problems, the recent increased focus on 
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the use of advanced intelligence methods at the expense of statistical methods has diminished 

the importance of this study. (Wu, Gaunt, Gray, 2010,Pg 34-45) conducted a study in which 

he examined the empirical performance of a group of bankruptcy prediction models, 

including the Zmijewski model, using a series of performance measures inside and outside 

the sample. The result of the study found that the primary accounting information related to 

profitability, liquidity, and financial leverage is the most Concerning in predicting 

bankruptcy. The study also found that several other variables help predict bankruptcies, 

including whether the delayed stock returns are significant and negative or the delayed 

volatility is relatively high. 

 
By reviewing above previous studies, second hypothesis of this study has been formulated: 

H2: Altman, Zmijewski, Springate, and Grover models are still considered a good tool for 

predicting the probability of companies' bankruptcy till now. 
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3. Methodology 
 

The Methodology Section will start by explaining the methodology that used in this study 
and motivating it, then will move to explain the steps of selection of the multi-samples of 
the study in detail as well as the resources of data collection, At the end of the 
methodology section, it will provide a full list of all variables that will use for each model 
in this study and their definitions. 

 

 
The methodology used in this study relied on quantitative methods that depended on 

discriminatory analysis. Multiple differentiation analysis (MDA) is considered by many 

academics, such as Altman, Taffler, and others, as the best approach for developing and 

testing the efficiency of bankruptcy prediction models. Accordingly, this method was applied 

for up to three years prior to the actual bankruptcy date during this study. Also, An almost 

versatile statistical method had used to classify observations into two or more groups or 

categories (alchemer.com). 

 
This study also combined univariate and multivariate approaches to calculating the value of 

the variables that can distinguish between failed and healthy companies during the 

approaching bankruptcy period. The actual bankruptcy year has a symbol. One year before 

bankruptcy, T-1. Two years before the bankruptcy of T-2. Three years before the T-3 

bankruptcy. Each sample used in this study included two groups of companies, bankrupt 

companies, and healthy companies. We already know the actual situation of these companies 

based on their annual financial statements collected up to three years before actual 

bankruptcy occurred; then, we applied bankruptcy prediction models to them and tested the 

results. The study examined whether the models succeeded in predicting bankruptcy in the 

future. Moreover, based on analyzing the results of each model and measuring the number of 

cases that he succeeded in predicting, we determined the degree of efficiency of each model 

And the best period in which he can give a warning sign of bankruptcy before it occurs. 

 
This study began by testing the ratios of cash flows before moving on and testing other 

models. Finally, this study design and test a new comprehensive model for predicting 

bankruptcy which is able to work under all conditions. The tests began with US public 

manufacturers before extending the test samples and including other non-US companies. The 

new model had succeeded in merging quantitative and non-quantitative methods in the same 

model, which increased the model's prediction level. The result obtained after merging was 

tested by using the sensitivity analysis method. 
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In addition to the primary methodology used in this study relying on quantitative methods, 

secondary techniques were used too , such as business evaluation methods, sensitivity 

analysis using Tornado chart, credit health panel, and finally, analysis using non-quantitative 

factors that may lead to bankruptcy. 

 
The final methodology used in this study depends on merging quantitative and non- 

quantitative methods in one model. This merging enhances the prediction level of the model. 

 
3.1 The Selection of Study Sample 

 
The sample of the study was carefully selected and ensured that it met the conditions required 

for the success of the bankruptcy prediction models tested in this study to achieve a highly 

accurate result representing the ability of those models to predict realistically. 

 
The American business environment was chosen as the basis for the formation of the study 

samples for several reasons: because the American business environment contains a great 

diversity in terms of the number of bankrupt companies, the distribution of these companies 

in multiple industries, as well as the abundance of data on bankrupt American companies. 

These reasons made the US business environment more favorable than others for the 

selection of the primary study sample. 

 
The study period was chosen to cover before and after the last global financial crisis so that 

the results of the study would be more realistic and far from bias due to the repercussions of 

the crisis, so the period from 1997 to 2022 was chosen. 

 
The composition of the study samples passed through several stages as follows: 

(1) : using data from Standard & Poor's, a comprehensive survey of the business records of 

US companies that were active in all industries and that went bankrupt from 1997 to 2022 

was conducted. 

 
(2) : Since the number of bankrupt American companies in all industries during the mentioned 

period was so large that it is not possible to include and analyze all companies in them during 

this study, the author decided to focus on one industry. 

(3) : The selection was made at random for one industry, namely metals and manufacturing 

industries. Data was collected from Profit Guard database. According to its website " Profit 
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Guard is the leading provider of credit information to the Industrial Sector in North America 

and is the only company with a metal and manufacturing industry-specific database of 

bankruptcy filings”. (www.eprofitguard.com).so that all the companies that were active in this 

field and then went bankrupt during the period from 1997 to 2022 were surveyed. As a result 

of the survey, we got an initial sample of bankrupt companies that included 678 bankrupt 

companies, classified under 31 causes of bankruptcy and distributed over 25 years according 

to years bankruptcy. 

 
(Table 2: US companies active in the metals and manufacturing industries went bankrupt 

from 1997-to 2022). 
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Table.2: Initial sample of USA Bankrupt Companies which was active in metal and manufacturing industry over the period 1997-2022 classified based on the reason of Bankrupt 
 

Bankrupt Reason 1997  
1998 

 
1999 

 
2000 

 
2001 

 
2002 

 
2003 

 
2004 

 
2005 

 
2006 

 
2007 

 
2008 

 
2009 

 
2010 

 
2011 

 
2012 

 
2013 

 
2014 

 
2015 

 
2016 

 
2017 

 
2018 

 
2019 

 
2020 

 
2021 

 
2022 

Grand 
Total 

Assignment for the Benefit of 
Creditors 

     
1 

           
1 

     
1 

 
1 

    4 

Bank Foreclosure                     1      1 

Bankruptcy and Insolvency                1           1 

BIA                     1    1  2 

CCAA     1  1 1   3 4 1 1 2 3  1     1 1   20 

CCAA/Chapter 11       1      1              2 

CCAA/Chapter 15               1    1     1   3 

Ceased Operations                    1  2 1    4 

Chapter 11 2 2 6 14 25 19 24 17 13 7 6 8 37 21 27 31 10 14 21 38 24 23 15 23 20 1 448 

Chapter 128/Ch 128 Info              2             2 

Chapter 15                  1  2 2    1  6 

Chapter 7   1  6 2   1  2  3 1 7 14 3 6 11 15 15 7 11 6 10 3 124 

Chapter 7/Chapter11            1        1 

Closed                1 2       3 

Dissolved             1           1 

Involuntary Bank Liquidation      1                   1 

Involuntary Chapter 11 1    1     1              3 

Involuntary Chapter 7           1   1 2   1       5 

Liquidation      1     1    1   2 8 1 1    15 

Liquidation/Closed Doors                   1     1 

Pre-Packaged Chapter 11       1                   1 

Receiver                     1     1 

Receivership      2 1 1      1   1 3 1 1 1 1 1   14 

Receivership/Chapter 128               1 2        3 

Recievership                     1   1 

Restructuring                1    1   2 

Shut Down Operations     1                  1 

Voluntarily Dissolved       1               1 

Voluntary Chapter 11    1                  1 

Voluntary Insolvency      1                  1 

Voluntary Liquidation 1   1 2      1            5 

Grand Total 4 2 7 16 37 26 28 19 15 7 11 16 43 27 38 53 15 28 41 65 47 35 30 32 32 4 678 

 
Table2: Included a comprehensive survey of US companies which was active in metal and manufacturing industry and were bankrupt over the period 1997-2022 
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The initial sample of bankrupt companies included companies that have declared 

bankruptcy under Chapter 7, Chapter 11, and Chapter 15, and included those 

companies that failed due to bankruptcy, merger, exchange, or liquidation, and 

companies that stopped trading due to selling assets to other companies. It also 

included that companies declared bankruptcy in any other form. Note1: (a definition 

for the most critical types of bankruptcy has been provided in the theoretical section 

2.1). Note2:(According to US National Bankruptcy Code, the merger is considered as 

a types of bankruptcy) 

(4) : Since bankruptcy under Chapter 11 is the most common and complex form of 

bankruptcy according to the US National Bankruptcy Code, this study will concentrate 

on this type only, accordingly all companies that filed for bankruptcy for reasons other 

than Chapter 11 bankruptcy were excluded from the initial sample. Accordingly, the 

total number of companies in the initial sample decreased from 678 companies to 448 

companies in the second version of the initial sample. 

(5) : All non-manufacturers from the second copy of the initial sample were excluded. 

(6) : All non-public companies were excluded from the second version of the initial sample. 

(7) : All companies with a total value of less than one million us dollar are excluded 

from the second version of the initial sample. 

(8) : All companies with incomplete financial statements for up to three years 

prior to bankruptcy were excluded from the second version of the initial 

sample. 

(9) : As a result, and after excluding all the bankrupt companies that did not 

meet the conditions, the following samples had been formulated, noting that 

some non-US companies were later added to all samples except for the Altman 

sample. The purpose of adding some non-US companies was to test whether 

the models could predict efficiently using a mixed sample of US and non-US 

companies, but this inclusion led to a reduction The prediction efficiency of 

these models, which is the main motivation for developing a comprehensive 

model capable of predicting based on a mixed sample, as will be explained in 

detail later. 

 

The following table summarize all samples used in this study, the size of each 

sample , the period which the sample used : 
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Table 3: Summary of All Samples used in this study allocated by model and period of time 

 
 
 
Financial data had collected from the following sources: 

● Capital IQ 

● WRDs (Wharton Research Data Services) provided by Wharton University. 

● FRED (Federal Research Economic Data) 

● Yahoo Finance 

In this study, testing bankruptcy prediction models had extended to three years instead 

of one year. So, the study began by identifying the year of each company's bankruptcy 

and giving it the symbol (t), the year before bankruptcy with the symbol (t-1), two 

years before bankruptcy with code (t-2), and three years before bankruptcy with code 

(t-3). In addition to that, the software STAT17 has been used to examine the behavior 

of the variables and analyze the statistical results using quantitative methods. 

 

 
3.2 Variable selection and definitions 

Based on both previous and recent literature related to predicting bankruptcy, the most valuable 

financial variables in predicting bankruptcy consist of forty variables divided into 10 groups, 

summarized in the following list: 

 

Seven variables for Cash Flow model analysis, five variables for Altman model, three variables for 

Zmijewski model, four variables for Springate model, four variables for Grover model, five variables 

for Liquidity, five variables for Solvency, two variables for Leverage, four variables for Profitability, 

two variables for Efficiency. 

Altman Zmijewski Springate Grover Cash-Flow Meslemani
Model Model Model Model Model Model

 Number of Companies in sample 30 58 58 58 100 120
One year before Banckrupty (t-1) Sample# 1 Sample# 4 Sample# 7 Sample# 10 Sample# 13 Sample# 14 & 15
Two years before Banckrupty (t-2) Sample# 2 Sample# 5 Sample# 8 Sample# 11
Three years before Banckrupty (t-3) Sample# 3 Sample# 6 Sample# 9 Sample# 12

Sample Size & Name & Time
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Table 4. Initial List of  variables used in study  with Variable Definitions classified by categories  
Variable Category Variable Name Variable Definition 

Cash Flow 

(OCF/CL) Operating cash flow divided by current liabilities 
(OCF + INT + Tax/INT) Cash flow coverage of interest 
(OCF/Sales) Operating cash flow margin 
(OCF/Asset) Operating cash flow return on total assets 
(EBIT/OCF) Earning quality 
(CA-INV)/CL Quick ratio or acid-test ratio 
(Sales 3 Yr CAGR) Three-year sales growth 

Altman 

WC/TA Working capital/Total assets 
RE/TA Retained Earnings/Total assets 
EBIT/TA Earnings before interest and taxes/Total assets 
MVE/BVD Market value equity/Book value of total debt 
SA/TA Sales/Total assets 

Zmijewski 
EAT/TA (Profit After Tax / Total Assets)  
TD/TA (Total Debt / Total Assets)  
CA/CD (Current Assets / Current Debt )  

Springate 

WC/TA Working capital/total assets 
EBIT/TA EBIT/total assets 
PBI/CL Profit before tax/current liabilities 
SA/TA Sales/total assets  

Grover 
WC/TA Working capital/total assets 
EBIT/TA EBIT / Total assets  
NI/TA Net income / Total assets 

Liquidity 

Working Capital ratio Working Capital / Total Assets 
Current ratio Current Assets / Current Liabilities 
Quick ratio Quick Assets / Current Liabilities 
Cash ratio Cash / Current Liabilities 
Δ(liquidity) ratio Current ratio t – Current ratio t–1 

Solvency 

OCF / CL ratio Operating Cash Flow / Current Liabilities 
OCF / CE ratio Operating Cash Flow / Capital Expenditure 
Interest coverage ratio Operating Cash Flow / Interest Expense 
Interest coverage ratio EBIT / Interest Expense 
OCF / TD ratio Operating Cash Flow / Total Debt 

Leverage 
Debt ratio Total Debt / Total Assets 
Δ(Debt) ratio Debt ratio t – Debt ratio t–1 

Profitability 

Return on Capital Employed EBIT / Capital employed 
EBIT margin EBIT margin / Total Sales 
Basic Earning power (ROI) EBIT / Total Assets 
Internal growth rate Retained earnings / Total Assets 

Efficiency 
Asset Turnover ratio Total Sales / Total Assets 
Equity Turnover ratio Total Sales / Total Equity 

 
 

Table 4 included the all forty variables used in this study, and their definitions, classified into categories according 
their usage in this study.
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4. Analyzing and Discussing 
 

This is the central section of this study. The analysis and discussion section will start with 
conducting some basic statistical tests on the study sample to ascertain the strength of the 
correlation between the variables and the susceptibility of the data used for this study. Then will 
move on to analyze different models that are used in the subject of bankruptcy predicting to 
prove their efficiency in predicting till the day, starting with the cash flow model, the Altman 
Model, Zmijewski Model, Springate Model, Grover Model, Business evaluations Methods, 
Sensitivity Analysis, Credit Health Panel. The analysis of previous models will be our base for 
developing a comprehensive model called the Meslemani-2022 model that will work under all 
circumstances, then will move to analyze non-quantitative factors that could lead to 
bankruptcy. The end of this section will be merge quantitative factors and non-quantitative 
factors in the same model and will prove that this merging 
will enhance the predict level of the model.  

 

4.1 Analyzing using Quantitative Methods 
 
The analysis and discussion section will start with conducting some basic statistical tests on the study 

sample to ascertain the strength of the correlation between the variables and the susceptibility of the 

data used for this type of study. Before starting these tests, it is helpful to highlight that it could be 

other statistical tests not included in this study. The reason is we include statistical tests that are 

aligned with the nature of this study and support its objective only. It is also helpful to highlight that 

the purpose of these statistical tests is not to exclude the variables that show a limited ability from the 

study. But, the purpose of this tests is to classify these variables correctly according to their ability to 

predict and allocate them in models later. 

 
4.1.1 Principal Components Analyzing, Eigenvalues, Proportion of variance 
Table 5: Presents the 19 variables adopted on the principal components analysis, consisting of 236 

observations each. By applying the test of correlation, it is possible to see that many of the variables 

have a high positive correlation to each other, e.g., “EBIT/TA” and “EBT/CL, (0.6674). This high 

positive correlation score makes the use of PCA reasonable. It is possible to see also that some of the 

variables have a negative correlation with each other, i.e., that they move in opposite directions to 

each other, e.g., “EAT/TA and “TD/TA” (-0.2429). 

 
 
It is helpful to mention that the result of the PCA and Eigenvalue test will be helpful to give us an 

indicator of which variables have a better ability to predict than others to allocate them correctly in 

predict models later. Nevertheless, since one of the conditions to use these two tests is to exclude the 

variables with limited predictability, this excluding is not meeting the general purpose of this study as 

it will negatively affect these models and maybe stop them, so the PCA test will provide in the 

descriptive statistics section only and will not repeat in analyzing section. 
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Table 5 : Principal Component Analysis of Statical study sample 
 
 

  ( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 10 ) ( 11 ) ( 12 ) ( 13 ) ( 14 ) ( 15 ) ( 16 ) ( 17 ) ( 18 ) ( 19 ) 
(1) Statues 1.0000                   
(2) Earning After Tax / Total Asset 0.3695 1.0000                  
(3) Total Debit/Total Asset -0.2136 -0.2429 1.0000                 
(4) Currunt Asset/Currunt Debit 0.1410 0.2216 0.2649 1.0000                
(5) Working Capital/Total Asset 0.2469 0.5546 -0.1619 0.6510 1.0000               
(6) Earning Before Intrest and Tax/Total Asset 0.4172 0.4126 0.1838 0.3275 0.2541 1.0000              
(7) Earning Before Tax/Currunt Liability 0.3702 0.5690 -0.0881 0.3096 0.2564 0.6674 1.0000             
(8) Total Sales/Total Asset 0.2233 0.1082 0.4575 0.2307 0.0868 0.3317 0.1859 1.0000            
(9) Total Asset/Earning Before Intrest and Tax 0.4623 0.4679 0.1550 0.3421 0.2151 0.8738 0.6474 0.3730 1.0000           

(10) Net Income/Total Asset 0.3711 0.9996 -0.2421 0.2210 0.5533 0.4119 0.5694 0.1095 0.4673 1.0000          
(11) Return Earning/Total Asset 0.3982 0.4328 -0.1076 0.2224 0.3478 0.3759 0.3361 0.1751 0.3705 0.4342 1.0000         
(12) Equity Market Value/Debit Book Value 0.2435 0.2881 -0.0210 0.1777 0.1680 0.3304 0.2311 0.1871 0.3249 0.2891 0.4544 1.0000        
(13) Operating cash flow / Currunt Liability 0.1500 0.0058 -0.1678 -0.1161 -0.0261 -0.0398 -0.0269 -0.1252 -0.0212 0.0064 0.0800 0.0317 1.0000       
(14) Cash flow coverage of interest 0.1554 0.0744 0.0296 -0.0280 -0.0176 0.0524 0.0371 0.0008 0.0491 0.0749 0.1746 0.0090 0.4884 1.0000      
(15) Operating cash flow margin -0.0702 -0.0686 0.0798 0.1641 0.1768 -0.0976 -0.0908 -0.0873 -0.0951 -0.0685 -0.0138 -0.0223 0.0737 0.0726 1.0000     
(16) Operating cash flow return on total assets 0.2245 0.1433 -0.1444 -0.0604 0.0336 0.0350 0.0228 -0.0730 0.1350 0.1441 0.1447 0.0487 0.8299 0.5673 0.0762 1.0000    
(17) earning quality -0.0548 -0.007 -0.1273 -0.109 -0.048 -0.047 -0.0212 -0.074 -0.051 -0.0067 -0.011 -0.022 0.0289 0.0041 -0.118 0.0313 1.0000   
(18) quick ratio or acid-test ratio 0.0695 -0.143 -0.3701 -0.180 0.017 -0.28 -0.1705 -0.377 -0.295 -0.1425 -0.039 -0.094 0.3854 0.2521 0.3752 0.2988 0.023 1.0000  
(19) Three-year sales growth -0.0486 -0.124 -0.1872 -0.214 -0.152 -0.17 -0.1052 -0.111 -0.184 -0.1239 -0.063 -0.08 0.1534 0.2949 0.0000 0.1340 0.1258 0.4129 1.0000 

 
 
 
 
 
 

Table 5 : The first test in statistical descriptive analysis is PCA, Principal Component Analysis of Statical study sample reflect that it is possible to see that many of the variables have a high 
positive correlation to each other, e.g., “Earning Before Tax/Current Liability” and “Earning Before Interest and Tax/Total Asset”, (0.6674). This high positive correlation score makes the 
use of PCA reasonable. It is possible to see also that some of the variables have a negative correlation with each other, i.e., that they move in opposite directions to each other, e.g., “Total 
Debit/Total Asset and “Earning After Tax / Total Asset” (-0.2429). 
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Table 6: Eigenvalue of main statical study sample 
Component Eigenvalue Difference Proportion Cumulative 

Statues 4.9280 1.9771 0.2594 0.2594 
Earning After Tax / Total Asset 2.9509 1.1315 0.1553 0.4147 
Total Debit/Total Asset 1.8194 0.2440 0.0958 0.5104 
Currunt Asset/Currunt Debit 1.5755 0.5203 0.0829 0.5934 
Working Capital/Total Asset 1.0552 0.0586 0.0555 0.6489 
Earning Before Intrest and Tax/Total Asset 0.9965 0.0102 0.0524 0.7013 
Earning Before Tax/Currunt Liability 0.9863 0.1210 0.0519 0.7533 
Total Sales/Total Asset 0.8653 0.1040 0.0455 0.7988 
Total Asset/Earning Before Intrest and Tax 0.7613 0.0785 0.0401 0.8389 
Net Income/Total Asset 0.6828 0.1191 0.0359 0.8748 
Return Earning/Total Asset 0.5637 0.1340 0.0297 0.9045 
Equity Market Value/Debit Book Value 0.4297 0.0539 0.0226 0.9271 
Operating cash flow / Currunt Liability 0.3757 0.0563 0.0198 0.9469 
Cash flow coverage of interest 0.3195 0.0237 0.0168 0.9637 
Operating cash flow margin 0.2958 0.0995 0.0156 0.9793 
Operating cash flow return on total assets 0.1963 0.0731 0.0103 0.9896 
earning quality 0.1232 0.0488 0.0065 0.9961 
quick ratio or acid-test ratio 0.0744 0.0740 0.0039 1.0000 
Three-year sales growth 0.0004 . 0.0000 1.0000 

 

Table 6: The second test in statistical descriptive analysis is Eigenvalue, this test present the Components 

are ranked based on their ability of to explain the variance of the factors within the study sample. 

 
4.1.2 Kaiser-Meyer-Olkin Measure (KMO Test) 

Table 7: KMO Test of main statical study sample 
 

 
Table 7: The third test, Overall result of KMO Test indicates that data has reasonably suited for these types of analyses. 
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4.1.3 Descriptive group Statistics 
 

Table 8. Descriptive group statistics of main study sample 
 

   
Table 8: summarize the Descriptive group statistics functions of main study sample. 

 
4.1.4 Heteroscedasticity, White test, Robust standard errors: 

Heteroscedasticity is an important and useful test for our data, It refers to the variance of the error 

terms in a regression model in an independent variable. To do this test first we run the regression 

and analyzing the result by STATA17, the result will be as following: 
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to check heteroscedasticity using the white test, we could check the validity of the null hypothesis vs 

the alternative hypothesis: 

The null hypothesis states that where the error variances are all equal (homoscedasticity). 

The alternative hypothesis states that the error variances are a multiplicative function of one or 

more variables (heteroscedasticity). 

we use the following command in STATA: estat imtest, white 

after applying the above command, the following result appeared: 
 
 
 

 
, which means The null hypothesis of constant variance can be rejected at 5% level of 

significance. In another word, the above finding means that there is heteroscedasticity in the 

residuals due to many reasons such as model misspecifications or errors in measurements 

 
The results of the heteroscedasticity test can depict Graphical as following: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

The above figure depicts the results of the heteroscedasticity test Graphical, the residual values are 

Re
sid

ua
ls 

0 
-1

 
-.5

 
.5

 
1 



23  

distributed within the range (-0.5, 0.5) and almost symmetrically around the zero-value axis, with outliers 

out of range but in general, there is a regular pattern of distribution of values. 

 
There are many consequences of the heteroscedasticity such as standard errors will be unreliable, 

which will lead to bias in test results and confidence intervals. The positive thing here is that 

Heteroscedasticity correction is possible by using a robust command in the regression as 

following: 

The above figure shows us that we got a different result from regression after we correct the 

heteroscedasticity test in STATAThus.the old problem of heteroscedasticity disappeared. This 

gives robust standards errors, which are completely different from the results of standard errors 

which we got in the old figure. For example, the robust standard error in the last figure for the 

variable EATTA is 5.051196, which is different from the result of 6.265156 given in the old 

figure. Similarly, the standard errors of the variable TDTA become 0.0853455 while its old 

standard errors value was 0.975019. The same analysis could be applied to the remaining 

variables. 

 
 

4.1.5 Analyzing using Cash Flow Ratios 

Before starting the analysis using Cash Flow Ratios, it is important to check The 

multicollinearity between variables by running the multicollinearity test or Variance Inflation 

Factor (VIF) test: 
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The result of the multicollinearity test or Variance Inflation Factor (VIF) test shows a value 

between 1 and 5 for all variables which indicates moderately and reasonably correlated. 

 
The sample used to predict bankruptcy using cash flow ratios is Sample# 13 , it consists of 100 

companies and seven variables, the sample  divided into two groups. The first group includes 

50 bankrupt companies. The second group includes 50 non-bankrupt companies. Companies 

in both groups of approximately the same size in terms of total asset value to ensure that the 

best possible prediction rate had been obtained when testing the bankruptcy forecasting 

model using cash flow ratios.MDA was conducted using the Stata17 statistical software, and 

the following table will provide Descriptive statistics (mean, median, standard deviation) of 

variables for both bankrupt groups (50 companies) and non-bankrupt groups (50 companies) 

and for the total sample consisting of (100 companies). 

 
Table 9. Descriptive group statistics of cash flow sample model 

 

Variables 
Bankrupt firms (50) Non-bankrupt firms (50) Total firms (100) 

Mean Median SD Mean Median SD Mean Median SD 
Operating Cash Flow/Currunt Liability 0.1219 0.0276 0.3403 0.3959 0.3831 0.4738 0.2589 0.222 0.4329 
(Operating Cash Flow+Intrst+Tax)/Intrest 242.48 -9.36 936.88 1127.35 442.51 1746.97 684.92 74.88 1463.8 
Operating Cash Flow/Total Sales 0.3803 0.0197 2.0986 0.1151 0.1253 0.1638 0.2477 0.0662 1.4869 
Operating Cash Flow/Total Asset 0.0024 0.0132 0.0896 0.0801 0.0843 0.0858 0.0412 0.0504 0.0956 
Earning Before Int and Tax/Operating Cash Flow 1.99 0.5153 12.0091 0.8745 0.9101 1.5021 1.4323 0.8228 8.533 
(Currunt Asset-Inventory)/Currunt Liability 0.9061 0.7235 0.7725 1.4224 1.2061 0.8518 1.1643 1.0222 0.8496 
Three-year sales growth 1.5716 0.9616 2.7815 1.5515 1.3144 1.3023 1.5616 1.0776 2.1607 

 
 
 Table 10. Outline of canonical discriminant functions of cash flow model during period (t–1) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 1.426 19.1 0.4257 2.437 0.3012 43.1 5.67 

 

The low value of Root Mean Squared Error (Root MSE) = 0.4257 is good because it indicates a 
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low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 2.437 means that distribution is positively Skewness (skewed 

to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the value of R² is 31% indicates that 

almost one to three predicting factors' movements are explained by the market, while the rest 

of the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is known 

as the degree of fat tails, when the distribution is normal then the value of kurtosis will be zero, 

as the value of kurtosis is positive = 43.1 that is a sign of fatter tails. On the opposite side, negative 

skew and/or kurtosis may lead to a higher frequency of extreme negative returns. 

The F-value of the regression model can be used to test the goodness of fit test R², and thereby 

assess if model has a predictive capability, a value of F=5.67 indicates that model has a good 

predictive capability. 

 
Table 11: Standardized and Unstandardized Coefficients of cash flow sample model 

 
Variable Standardized coefficients Unstandardized coefficients 
Operating Cash Flow/Currunt Liability -0.1100 -0.1274 
(Operating Cash Flow+Intrst+Tax)/Intrest -0.0290 -0.0001 
Operating Cash Flow/Total Sales -0.2740 -0.0926 
Operating Cash Flow/Total Asset 0.4570 2.4018 
Earning Before Intrest and Tax/Operating Cash Flow -0.0590 -0.0035 
(Currunt Asset-Inventory)/Currunt Liability 0.3800 0.2250 
Three-year sales growth -0.0540 -0.0126 
constant  0.2175 

 
According to calculated Discriminant function coefficients in the previous table, the equation form of our 

Cash flow model could be formulated as: 

 
Z=0.2175 -0.1274 X1 - 0.0001 X2 -0.0926 X3 + 2.4018 X4 -0.0035 X5 + 0.2250 X6 -0.0126 X7 

 
where: 
Z= discriminant score. 
X1 = (OCF/CL), operating cash flow / current liabilities 
X2 = (OCF + INT +Tax/INT), cash flow coverage of interest 
X3 = (OCF/Sales), operating cash flow margin. 
X4 = (OCF/Asset), operating cash flow return on total assets 
X5 = (EBIT/OCF), earning quality. 
X6 = (CA-INV)/CL, quick ratio. 
X7 = (Sales 3 yr. CAGR),3-year sales growth. 

 
 
The Distinctive score in above formula expresses the final calculated value of the prediction model using 
cash flow ratio. 
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Table 12: The average value of failed & non-failed & Group Centroids of cash flow sample model 
 

Failed Company Group Center-Point Healthy Companies 
0.3494 0.4995 0.6498 

 

Table 12 provide the average value of failed & non-failed & Group center-point of discriminant 

scores of all the companies included in the study sample which consist of 100 firms. The average 

value of failed companies is 0.3494 and the average value of non-failed companies is 0.6206. and 

the center point for all companies (failed and non-failed) is 0.4850.All companies have a result value 

less than the group center point value and closer to the average value of failed companies classified as 

failed companies. All companies have a result value more than the group center point value and closer to the 

average value of non- failed companies classified as non-failed companies. 

 

Table 13: The final result of the Cash Flow Ratios predict model 
 

 
As table 13 present, after applying the cash flow ratios model and analyzing the result, 

the model successfully predicts 81.8 % of case tested (100 firms). 

 

Finally, It is helpful to refer that most academics nowadays are no more dependent on classical analyses 

using financial ratios and cash flow ratios. Classical analyses had been replaced by advanced predict 

bankruptcy models. However,this study does not aim to ignore the role of classical financial analyses. 

Rather than build a bridge between classical methods and advanced methods together and show both 

methods' contributions to predicting bankruptcy. 
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4.1.6 Altman Z-Score Model Test 
 

Before starting the analysis using Altman Z-Score Model, it is important to check The 

multicollinearity between variables by running the multicollinearity or Variance Inflation Factor 

(VIF) test: 

 

The result of the multicollinearity test or Variance Inflation Factor (VIF) test shows a value between 

1 and 5 for all variables which indicates moderately and reasonably correlated. 

 
The analysis and results section of the Altman Z-Score Model Test had been divided into three 

separate subsections (for three years) because the analysis was conducted individually for each year 

before bankruptcy.: 

 
Analyzing and Results in one-year prior bankruptcy (t–1) 

 
The sample used is Sample# 1 

Descriptive statistics (mean, median, standard deviation) for each selected variable is 

provided in Table 14 for both bankrupt group of firms, and a non-bankrupt group of firms, 

and the total sample consists of (30 companies). the MDA was conducted using the Stata17 

statistical software:
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Table 14. Descriptive group statistics of Altman Model during (t–1) 
 

 Bankrupt firms (14) Non-bankrupt firms (16) Total firms (30) 
Variables Mean Median SD Mean Median SD Mean Median SD 

Working capital/Total assets -0.1989 -0.0075 0.4907 0.1467 0.1297 0.1116 -0.0146 0.1061 0.3810 
Retained Earnings/Total assets -0.2320 -0.0413 0.5427 0.7242 0.6672 0.3707 0.2780 0.3726 0.6622 
EBIT/Total assets 0.0018 0.0022 0.0505 0.1248 0.1308 0.0446 0.0674 0.0681 0.0779 
Equity Mark v/Book value of tot deb  0.1045 0.0503 0.2693 4.0781 2.5682 4.6439 2.2237 0.7787 3.9055 
Sales/Total assets 0.6453 0.5244 0.5410 0.8665 0.7723 0.3882 0.7632 0.7304 0.4709 

 
Table 15. Outline of canonical discriminant functions of Altman Model  

 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 1.130 1.1 0.2689 -0.078 0.7676 6.4 15.85 

The low value of Root Mean Squared Error (Root MSE) = 0.2689 is good 

because it indicates a low level of prediction errors when compared to actual 

observed values. 

The negative value of Skewness = -0.078 means that distribution is 

negatively Skewness (skewed to the left), and the standard deviation did 

not overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 

76% indicates that almost 76% predicting factors' movements are explained 

by the market, while the rest of the variability is explained by idiosyncratic 

factors. 

Kurtosis measures the likelihood of extreme values on either side of the 

mean, or what is known as the degree of fat tails, when the distribution is 

normal then the value of kurtosis will be zero, as the value of kurtosis is 

positive = 6.4 that sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit 

test R², and thereby assess if model has a predictive capability, a value of 

F=15.85 indicates that model has a good predictive capability. 

 
 

Table 16: Unstandardized and standardized estimates of Altman Model  
 
 

 b t P>|t| bStdX bStdY bStdXY SDofX 
Working capital/Total assets 0.1123 0.5610 0.5800 0.0430 0.2210 0.0840 0.3810 
Retained Earnings/Total assets 0.2204 1.5720 0.1290 0.1460 0.4340 0.2880 0.6620 
EBIT/Total assets 3.7572 4.2640 0.0000 0.2930 7.4050 0.5770 0.0780 
Equity Market value/Book value of total debt 0.0165 1.1220 0.2730 0.0640 0.0330 0.1270 3.9050 
Sales/Total assets -0.0441 -0.3840 0.7040 -0.0210 -0.0870 -0.0410 0.4710 
constant 0.2176 2.2460 0.0340 . . . . 
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The standardized coefficients in Table 15 provide evidence of the relative importance of each 

variable in the model of bankruptcy predicting. In the short run, the Profitability factor, 

specifically Basic Earning power ratio (EBIT / Total Assets) is the most important variable in the 

bankruptcy prediction model for the one year before actual bankruptcy happened. 

 

In summary, during the period (t-1) one year before bankruptcy. the Altman 

Z-Score model correctly re- classified 30 out of 30 cases (100%), indicating 

strong discriminating power with high ability potentiality for bankruptcy 

prediction. 

 
Analyzing and Results in Two-year prior bankruptcy (t–2) 

 
The sample used is Sample# 2  
Table 17. Descriptive group statistics of Altman Model during (t–2) 

 
 

 Bankrupt firms (14)  Non-bankrupt firms (16) Total firms (30) 
Variables 

Mean Median SD Mean Median SD Mean Median SD 

Working capital/Total assets 0.0734 0.0472 0.1303 0.1573 0.1274 0.1131 0.1181 0.0993 0.1266 
Retained Earnings/Total assets -0.1404 -0.0196 0.5084 0.6848 0.6410 0.3739 0.2997 0.3740 0.6029 
EBIT/Total assets 0.0235 0.0301 0.0622 0.1459 0.1426 0.0515 0.0888 0.0879 0.0835 

Equity Market v/Book v of total debt 0.2509 0.0000 0.5336 4.4285 2.2348 5.8115 2.4790 1.1901 4.7000 
Sales/Total assets 0.7298 0.5872 0.6159 0.9816 0.9494 0.2880 0.8641 0.8587 0.4788 

 
 

Table 18 Outline of canonical discriminant functions of Altman Model during (t–2) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 1.065 1.2 0.3022 0.571 0.7065 4.7 11.55 
 

 
The low value of Root Mean Squared Error (Root MSE) = 0.3022 is good because it indicates a low 

level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.571 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 71% indicates 

that almost 71% predicting factors' movements are explained by the market, while the rest 

of the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is 

known as the degree of fat tails, when the distribution is normal then the value of kurtosis 

will be zero, as the value of kurtosis is positive = 4.7 that is a sign of fatter tails. 
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The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=11.55 indicates that model 

has a good predictive capability. 
Table 19: Unstandardized and standardized estimates of Altman Model during (t–2) 

 

 b t P>|t| bStdX bStdY bStdXY SDofX 
Working capital/Total assets -0.0272 -0.0500 0.9600 -0.0030 -0.0540 -0.0070 0.1270 
Retained Earnings/Total assets 0.3601 3.1560 0.0040 0.2170 0.7100 0.4280 0.6030 
EBIT/Total assets 3.1000 3.7620 0.0010 0.2590 6.1090 0.5100 0.0830 
Equity Market v/Book value of total debt 0.0046 0.3250 0.7480 0.0210 0.0090 0.0420 4.7000 
Sales/Total assets 0.0519 0.3900 0.7000 0.0250 0.1020 0.0490 0.4790 
constant 0.0972 0.8040 0.4290 . . . . 

 
The standardized coefficients in Table 19 provide evidence of the relative importance of each 

variable in the model of bankruptcy predicting. In the medium run, the Profitability factor, 

specifically Basic Earning power ratio (EBIT / Total Assets) is the most important variable in the 

bankruptcy prediction model for the one year before actual bankruptcy happened. 

In summary, during the period (t-2) two years before bankruptcy. the Altman Z-Score model 

correctly re- classified 29 out of 30 cases (97%), indicating strong discriminating power with high 

ability potentiality for bankruptcy prediction. 

 
Analyzing and Results Three-years prior bankruptcy (t–3) 
 
The sample used is Sample# 3. 

 
Table 20. Descriptive group statistics of Altman Model during (t–3) 

 
 Bankrupt firms (14) Non-bankrupt firms (16) Total firms (30) 

Variables 
Mean Median SD Mean Median SD Mean Median SD 

Working capital/Total assets 0.0781 0.0696 0.1811 0.1457 0.1368 0.1150 0.1142 0.1136 0.1507 
Retained Earnings/Total assets -0.1440 0.0411 0.5615 0.7831 0.7183 0.4044 0.3505 0.3540 0.6688 
EBIT/Total assets 0.0489 0.0536 0.0743 0.1609 0.1487 0.0545 0.1086 0.1053 0.0851 

Equity Market v/Book v of tot debt 0.4631 0.0139 0.9691 5.6548 3.6863 7.6588 3.2320 1.5582 6.1401 
Sales/Total assets 0.7999 0.6015 0.7298 1.0078 0.9458 0.2612 0.9108 0.9241 0.5340 

 
Table 21. Outline of canonical discriminant functions of Altman Model during (t–3) 

 

Function Eigen Value SD Root MSE Skewness R² Kurtosis F 

1 1.000 1.52 0.342 0.413 0.622 5.52 7.9 

 
The low value of Root Mean Squared Error (Root MSE) = 0.342 is good because it 

indicates a low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.413 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 62% 

indicates that almost 62% predicting factors' movements are explained by the market, 
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while the rest of the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what 

is known as the degree of fat tails, when the distribution is normal then the value of 

kurtosis will be zero, as the value of kurtosis is positive = 5.52 that is a sign of fatter 

tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=7.9 indicates that model 

has a good predictive capability. 

Table 22: Unstandardized and standardized estimates of Altman Model during (t–3) 
 b t P>|t| bStdX bStdY bStdXY SDofX 

Working capital/Total assets -0.5281 -1.1000 0.2820 -0.0800 -1.0410 -0.1570 0.1510 
Retained Earnings/Total assets 0.3701 2.9750 0.0070 0.2480 0.7290 0.4880 0.6690 
EBIT/Total assets 2.1561 1.8100 0.0830 0.1830 4.2490 0.3620 0.0850 
Equity Mark value/Book value of tot debt 0.0139 1.1690 0.2540 0.0860 0.0270 0.1690 6.1400 
Sales/Total assets 0.0045 0.0330 0.9740 0.0020 0.0090 0.0050 0.5340 
constant 0.1806 1.3620 0.1860 . . . . 

 
 
 To summarize the ability of the Altman model to predict bankruptcy within three years: 
 
 

Table 23: Altman Z-Score test accuracy in (t-1) & (t-2) & (t-3) 
 

 t-1 t-2 t-3 Total 
Total case tested 30 30 30 90 
Type I Error 0 0 0 0 
Type II Error 0 1 3 4 
Z-Score Accuracy 100% 97% 90% 96% 

 
1. (t-1) one year before bankruptcy: Altman Z-Score model correctly re-classified 30 out of 30 cases; 

his predicted accuracy one year before bankruptcy is 100%. 

2. (t-2) two years before bankruptcy: Altman Z-Score model correctly re-classified 29 out of 30 cases; 

his predicted accuracy two years before the bankruptcy is 97%. 

3. (t-3) three years before bankruptcy: Altman Z-Score model correctly re-classified 27 out of 30 cases; 

his predicted accuracy three years before the bankruptcy is 90%. 

4. In Average: The Altman Z-Score model correctly re-classified 86 out of 90 cases; his overall 

predicted accuracy is 96%. This score indicates a solid discriminating power with high ability 

potentiality for bankruptcy prediction. 

5. The Altman Z model could successfully predict bankruptcy over time (t–1, t–2, t–3). Determining 

the most critical variable is based on the range of its potential effect and contribution degree to the 

model's final value. When dealing with a potential bankruptcy in the short-run (t–1) and medium run 

(t–2), the Profitability factor, specifically the Basic Earning power ratio (EBIT / Total Assets), is the 

most critical variable in the bankruptcy prediction model for the one year before actual bankruptcy 



32  

happened. While, when dealing with a potential bankruptcy in the long run (t–3), the Profitability 

factor, specifically the Internal growth rate ratio (Retained earnings / Total Assets), is the most 

crucial variable in the bankruptcy prediction model for the three years before actual bankruptcy 

happened. When these two ratios are combined, the Altman Model could successfully predict 

bankruptcy in 100% of cases for t–1, 97% of cases for t–2, and 90% for t–3. overall prediction level 

for three years was 96%. 

6. Working capital/Total assets: there is a strong positive relationship between Z's value and this 

element's value. The companies with a low ratio of net workingcapital had a low value of Z Because 

the decrease in the value of the net-working capital is evidence of the lack of liquidity in the 

company, which means that the company is unable to pay its obligations, which is one of the reasons 

leading to bankruptcy. 

7. Retained Earnings/Total assets: there is a strong relationship between the second component and the 

value of Z. the companies that suffer from low retained earnings ratio have low Z-value, which leads 

to bankruptcy. Some companies do not distribute profits to shareholders because of a lack of 

liquidity or because they have an accumulated deficit. 

8. EBIT/Total assets: also called the rate of return on investment; there is a strong positive relationship 

between the rate of return on investment where the return on investment is noted from It also has a 

low Z-value, which is one of the reasons leading to bankruptcy since the goal of all companies is to 

achieve a high rate of return on investment to ensure the continuity of the company. 

9. Equity Market value/Book value of total debt: it measures the relationship between shareholders' 

equity and the company's debts. There is a strong positive relationship between the value of this 

element and the value of Z, so if the ratio is low, this is evidence that the value of the company's 

debts is greater than the value of its assets and, therefore, the company will not be able to pay its 

obligations, which is one of the reasons leading to bankruptcy. 

10. Sales/Total assets: the decrease in the value of this percentage is always associated with a decrease in 

the value of Z. Because the decrease in this percentage indicates the inefficiency of the management 

of this company is investing its assets to achieve high sales, which is one of the reasons leading to 

bankruptcy. 

 

 

 
 
 

4.1.7 Zmijewski Model Test: 
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Before starting the analysis using Zmijewski Model, it is important to check The 

multicollinearity between variables by running the multicollinearity or Variance 

Inflation Factor (VIF) test: 

 

  
 
 

The result of the multicollinearity or Variance Inflation Factor (VIF) test shows a value 

between 1 and 5 for all variables which indicates moderately and reasonably correlated. 

The analyzing and results section of Zmijewski Model Test had been divided into three 

separate subsections (for three years) because the analysis was conducted individually for 

each year before bankruptcy. The sample which will be used in Zmijewski Model will consist 

of 58 companies: 

 
 

Analyzing and Results One-year prior bankruptcy (t–1) 
 

The sample used is Sample# 4. 

Descriptive statistics (mean, median, standard deviation) for each selected variable are provided 

in Table 24 for both bankrupt (26) and non-bankrupt (32) firms and for all (58) firms of the 

sample. MDA was conducted using the Stata17 statistical software: 

 
Table 24. Descriptive group statistics of Zmijewski Model during (t–1) 

 

 Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  
Variables         

 Mean Median SD Mean Median SD Mean Median SD 
Earning Aftr Tax / Tot Assets -0.0753 -0.0152 0.3246 0.0926 0.0885 0.0656 0.0173 0.0381 0.2359 
Total Debt / Total Assets 0.8862 0.8345 0.3793 0.6203 0.6253 0.2099 0.7395 0.7275 0.3238 
Current Assets / Current Debt 1.1793 1.0851 0.8560 1.7907 1.5226 0.9440 1.5166 1.3706 0.9488 

 

Table 25. Outline of canonical discriminant functions of Zmijewski Model during (t–1) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 0.817 0.50 0.457 0.301 0.214 14.78 4.9 
 

The low value of Root Mean Squared Error (Root MSE) = 0.457 is good because it 
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indicates a low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.301 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 21% 

indicates that almost 21% predicting factors' movements are explained by the market, 

while the rest of the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what 

is known as the degree of fat tails, when the distribution is normal then the value of 

kurtosis will be zero, as the kurtosis is positive = 14.78 that is sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=4.9 indicates that model 

has a good predictive capability. 

 
Table 26 : Unstandardized and standardized estimates 

 
 b t P>|t| bStdX bStdY bStdXY SDofX 

Earning After Tax / Tot Assets 0.3300 0.9430 0.3500 0.0780 0.6580 0.1550 0.2360 
Total Debt / Total Assets -0.3557 -1.3200 0.1920 -0.1150 -0.7090 -0.2300 0.3240 
Current Assets / Current Debt 0.1043 1.5040 0.1380 0.0990 0.2080 0.1970 0.9490 
constant 0.6508 2.4650 0.0170 . . . . 

 
 

The standardized coefficients in Table 26 provide evidence of the relative importance of each variable 

in the model of bankruptcy predicting. In the short run, the Leverage factor, specifically Debt ratio 

(Total Debt / Total Assets) is the most important variable in the bankruptcy prediction model for the 

one year before actual bankruptcy happened. 

In summary, during the period (t-1) one year before bankruptcy. the Zmijewski model correctly re-

classified 36 out of 58 cases (62%), indicating above-average discriminating power with the medium 

ability of potentiality for bankruptcy prediction. 
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Analyzing and Results in Two-years prior bankruptcy (t–2): 
 
     The sample used is Sample# 5 
 

Table 27. Descriptive group statistics of Zmijewski Model during (t–2) 
 

 Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  
Variables 

Mean Median SD Mean Median SD Mean Median SD 

Earning Aft Tax / Tot Assets -0.0448 -0.0011 0.1069 0.1151 0.0967 0.1193 0.0434 0.0472 0.1385 
Total Debt / Total Assets 0.7994 0.8191 0.2359 0.6169 0.6433 0.2187 0.6987 0.7084 0.2425 
Current Assets / Current Debt 1.4567 1.1861 0.8507 1.9684 1.4787 1.5148 1.7390 1.3970 1.2772 

 

Table 28. Outline of canonical discriminant functions of Zmijewski Model during (t–2) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 1.000 0.6 0.404 1.641 0.386 12.0 11.31 

 
 

The low value of Root Mean Squared Error (Root MSE) = 0.404 is good because it indicates 

a low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 1.641 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 39% indicates 

that almost 39% predicting factors' movements are explained by the market, while the rest of 

the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is 

known as the degree of fat tails, when the distribution is normal then the value of kurtosis will 

be zero, as the value of kurtosis is positive = 12 that is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=11.31 indicates that 

model has a good predictive capability. 

 
Table 29: Unstandardized and standardized estimates of Zmijewski Model during (t–2) 

 
 b t P>|t| bStdX bStdY bStdXY SDofX 
Earning After Tax / Total Assets 1.8528 4.5800 0.0000 0.2570 3.6930 0.5110 0.1380 
Total Debt / Total Assets -0.4150 -1.6870 0.0970 -0.1010 -0.8270 -0.2010 0.2420 
Current Assets / Current Debt 0.0274 0.6110 0.5430 0.0350 0.0550 0.0700 1.2770 
constant 0.7136 3.2040 0.0020 . . . . 

 
In summary, during the period (t-2) two year before bankruptcy. the Zmijewski model correctly re-
classified 34 out of 58 cases (59%), indicating above-average discriminating power with the 
medium ability of potentiality for bankruptcy prediction. 
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Analyzing and Results Three-years prior bankruptcy (t–3): 
 

The sample used is Sample# 6.  
 

Table 30. Descriptive group statistics of Zmijewski Model during (t–3) 
 

 Bankrupt firms (26)  Non-bankrupt firms (32) Total firms (58)  
Variables Mean Median SD Mean Median SD Mean Median SD 

Earning After Tax / Tot Assets 0.0012 0.0150 0.1102 0.1166 0.1072 0.0657 0.0649 0.0651 0.1050 
Total Debt / Total Assets 0.8081 0.7967 0.3257 0.5914 0.6235 0.2242 0.6885 0.6671 0.2927 
Current Assets / Current Debt 1.5179 1.0073 1.4123 1.9103 1.5390 1.2402 1.7344 1.3996 1.3229 

 
Table 31. Outline of canonical discriminant functions of Zmijewski Model during (t–3) 

 
Function Eigen 

Value SD Root MSE Skewness R² Kurtosis F 

1 0.914 0.57 0.4295 0.620 0.305 10.44 7.91 
 

The low value of Root Mean Squared Error (Root MSE) = 0.429 is good because it indicates 

a low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.620 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 30% indicates 

that almost 30% predicting factors' movements are explained by the market, while the rest of 

the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is 

known as the degree of fat tails, when the distribution is normal then the value of kurtosis will 

be zero, as the value of kurtosis is positive = 10.44 that is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=7.91 indicates that model 

has a good predictive capability. 

 
 

Table 32: Unstandardized and standardized estimates of Zmijewski Model during (t–3) 
 

 b t P>|t| bStdX bStdY bStdXY SDofX 
Earning After Tax / Total Assets 2.4957 3.6070 0.0010 0.2620 4.9750 0.5220 0.1050 
Total Debt / Total Assets -0.0802 -0.3040 0.7620 -0.0230 -0.1600 -0.0470 0.2930 
Current Assets / Current Debt -0.0002 -0.0040 0.9970 0.0000 0.0000 0.0000 1.3230 
constant 0.4453 1.7500 0.0860 . . . . 

 
 
To summarize the ability of the Zmijewski model to predict bankruptcy within three years: 

 
 



37  

Table 33 : Summary of Zmijewski model accuracy in (t-1) & (t-2) & (t-3) 
 

 t-1 t-2 t-3 Total 
Total case tested 58 58 58 174 
Type I Error 11 12 12 35 
Type II Error 11 12 13 36 
Z-Score Accuracy 62% 59% 57% 59% 

 
1. (t-1) one years before bankruptcy: Zmijewski model correctly re-classified 36 out of 58 cases, his 

predicted accuracy one year before bankruptcy is 62%. 

2. (t-2) two years before bankruptcy: Zmijewski model correctly re-classified 34 out of 58 cases, his 

predicted accuracy two year before bankruptcy is 59%. 

3. (t-3) three years before bankruptcy: Zmijewski model correctly re-classified 33 out of 58 cases, his 

predicted accuracy three year before bankruptcy is 57%. 

4. On average, during three years before bankruptcy, Zmijewski model correctly re- classified 103 out of 

174 cases, his overall predict accuracy is 59%. this score indicating a medium discriminating power with 

medium ability potentiality for bankruptcy prediction. 

5. When the Zmijewski model is applied In the short run, the Leverage factor, specifically Debt ratio (Total 

Debt / Total Assets) is the most important variable in the bankruptcy prediction model for the one year 

before actual bankruptcy happened. While In the medium run and long run, the Performance factor, 

specifically the After-Tax Return on Assets ratio (Earning After Tax / Total Assets) is the most important 

variable in the bankruptcy prediction model for the 2 & 3 years before actual bankruptcy happened. 

6. Earning After Tax / Total Assets: is the first element in Zmijewski model, it called also return on total 

assets ratio. This ratio compares between the value of company total asset and the value of the profits 

generated, which indicates how well a company’s investments generate value, there is a strong 

relationship between this ratio and the calculated value of Zmijewski model, when the Return on total 

assets ratio is low indicates that company are not good in generating profit from its investments compared 

to other companies in the same industry which is one of the reasons leading to bankruptcy. 

7. Total Debt / Total Assets: is the second element in Zmijewski model, it called Debt ratio. This ratio is 

classified under Leverage ratios, it measures the proportion of a company’s assets that are financed by 

debt, there is a strong relationship between this ratio and the bankruptcy of the company. When the value 

of this ratio is greater than 1 that mean a considerable portion of a company's debt is funded by assets and 

that means that this company has liabilities value more than its asset value which is one of the reasons 

leading to bankruptcy in case suddenly increased of the interest rates. (Investopedia,2021). 

8. Current Assets / Current Debt: The third element of the Zmijewski model is liquidity ratio. It is 

measuring the ability of the company to pay its debit which due date less than one year. The value of this 

ratio could indicate to bankruptcy if the company liquidity ratio is lower than the industry average. Also, 
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a very high liquidity ratio could indicate that management is not using its assets efficiently. This ratio 

could not be used separately as it calculated in above table, but it needs to be compared with industry 

average. 

 

4.1.8 Springate Model Test 

Before starting the analysis using Springate Model, it is important to check The 

multicollinearity between variables by running the multicollinearity or Variance Inflation 

Factor (VIF) test: 

 
The result of the multicollinearity or Variance Inflation Factor (VIF) test shows a value between 1 
and 5 for all variables which indicates moderately and reasonably correlated. 

 
Analyzing and Results one-year prior bankruptcy (t–1): 

 
The sample used is Sample# 7.  

Descriptive statistics (mean, median, standard deviation) for each selected variable 

are provided in Table 36 for both bankrupt group of firms (26 companies) and non-

bankrupt group of firms (32 companies) and for total sample consist of (58 

companies). 
Table 34. Descriptive group statistics of Springate Model during (t–1) 

 
 Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  

Variables         

 Mean Median SD Mean Median SD Mean Median SD 
Working capital/total assets -0.0850 0.0192 0.4238 0.1424 0.1146 0.1574 0.0405 0.0909 0.3244 
EBIT/total assets 0.0053 0.0035 0.0432 0.1003 0.1014 0.1102 0.0577 0.0612 0.0985 
Profit before tax/current 
liabilities -0.0917 -0.0755 0.6178 0.5058 0.4771 0.4782 0.2380 0.1646 0.6177 

Sales/total assets 0.4956 0.2252 0.5428 0.9219 0.7723 0.5612 0.7308 0.6199 0.5885 

 
 

Table 35. Outline of canonical discriminant functions of Springate Model during (t–1) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 
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1 1.100 0.41 0.3321 -0,500 0.592 8,69 19,26 
 

 
The low value of Root Mean Squared Error (Root MSE) = 0.3321 is good because it indicates a low 

level of prediction errors when compared to actual observed values. 

The negative value of Skewness = -0.500 means that distribution is negative Skewness (skewed to the 

left), and the standard deviation did not overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 59% indicates that 

almost 59% predicting factors' movements are explained by the market, while the rest of the 

variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is known as 

the degree of fat tails, when the distribution is normal then the value of kurtosis will be zero, as the 

value of kurtosis is positive = 8.69 that is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and thereby assess 

if model has a predictive capability, a value of F=19.26 indicates that model has a good predictive 

capability. 

 
Table 36: Unstandardized and standardized estimates of Springate Model during (t–1) 

 

 b t P>|t| bStdX bStdY bStdXY SDofX 
Working capital/total assets 0.3928 2.3640 0.0220 0.1270 0.7830 0.2540 0.3240 
EBIT/total assets 1.6077 2.8000 0.0070 0.1580 3.2050 0.3160 0.0980 
Profit before tax/current liabilities 0.1759 1.8190 0.0750 0.1090 0.3510 0.2170 0.6180 
Sales/total assets 0.2920 3.3790 0.0010 0.1720 0.5820 0.3430 0.5880 
constant 0.1878 2.2420 0.0290 . . . . 

 
 

The standardized coefficients in Table 30 provide evidence of the relative importance of each variable 

in the model of bankruptcy predicting. In the short run, the Efficiency factor, specifically the Asset 

Turnover ratio (Total Sales / Total Assets) is the most important variable in the bankruptcy prediction 

model for the one year before actual bankruptcy happened. 

In summary, during the period (t-1) one year before bankruptcy. the Springate Model correctly re-

classified 50 out of 58 cases (86%), indicating strong discriminating power with high ability 

potentiality for bankruptcy prediction. 

 

Analyzing and Results Two-year prior bankruptcy (t–2): 
 

The sample used is Sample# 8  
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Table 37: Descriptive group statistics of Springate Model during (t–2) 

 

Variables 
Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  

Mean Median SD Mean Median SD Mean Median SD 
Working capital/total assets 0.0725 0.0187 0.1907 0.1676 0.1403 0.1433 0.1249 0.1046 0.1715 
EBIT/total assets 0.0191 0.0164 0.0559 0.1340 0.1209 0.0840 0.0825 0.0715 0.0924 
Profit before tax/current liabilities -0.2964 0.0114 1.0350 0.6131 0.4688 0.6117 0.2054 0.2572 0.9389 
Sales/total assets 0.5621 0.2666 0.6157 0.9622 0.8751 0.5816 0.7829 0.7266 0.6249 

 
 

Table 38. Outline of canonical discriminant functions of Springate Model during (t–2) 
 
 

 

                 

The low value of Root Mean Squared Error (Root MSE) = 0.375 is good because it indicates a low 

level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.374 means that distribution is positively Skewness (skewed to 

the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 48% indicates that 

almost 48% predicting factors' movements are explained by the market, while the rest of the 

variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is known as 

the degree of fat tails, when the distribution is normal then the value of kurtosis will be zero, as the 

value of kurtosis is positive = 7.4 that is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and thereby assess 

if model has a predictive capability, a value of F=12.28 indicates that model has a good predictive 

capability. 

 
Table 39: Unstandardized and standardized estimates of Springate Model during (t–2) 

 
 b t P>|t| bStdX bStdY bStdXY SDofX 

Working capital/total assets 0.5130 1.7420 0.0870 0.0880 1.0230 0.1750 0.1710 
EBIT/total assets 2.7099 3.7510 0.0000 0.2500 5.4020 0.4990 0.0920 
Profit before tax/current liabilities 0.0496 0.6990 0.4880 0.0470 0.0990 0.0930 0.9390 
Sales/total assets 0.1893 2.3530 0.0220 0.1180 0.3770 0.2360 0.6250 
constant 0.1058 1.0910 0.2800 . . . . 

 
The standardized coefficients in Table 42 provide evidence of the relative importance of each 

variable in the model of bankruptcy predicting.  

In summary, during the period (t-2) two years before bankruptcy. the Springate Model correctly re- 

classified 48 out of 58 cases (83%), indicating strong discriminating power with high ability 

potentiality for bankruptcy prediction. 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 0.994 0.5 0.375 0.374 0.4811 7.4 12.28 
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Analyzing and Results Three-year prior bankruptcy (t–3): 

The sample used is Sample# 9 

Table 40. Descriptive group statistics of Springate Model during (t–3) 
 Bankrupt firms (26) Non-bankrupt firms (32) Tot firms (58)  

Variables         

 Mean Median SD Mean Median SD Mean Median SD 

Working capital/total assets 0.0643 -0.0001 0.2302 0.1723 0.1584 0.1482 0.1239 0.0994 0.1953 
EBIT/total assets 0.0395 0.0310 0.0577 0.1421 0.1279 0.1048 0.0961 0.0767 0.1004 
Profit before tax/current liab 0.1147 0.0613 0.4085 0.7275 0.4217 0.9286 0.4528 0.3155 0.7979 
Sales/total assets 0.6268 0.2565 0.7469 1.0054 0.9264 0.5990 0.8357 0.7753 0.6898 

 
Table 41. Outline of canonical discriminant functions of Springate Model during (t–3) 

 
                             

                                          

The low value of Root Mean Squared Error (Root MSE) = 0.424 is good because it indicates a low 

level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 1.805 means that distribution is positively Skewness (skewed to 

the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 33% indicates that 

almost 33% predicting factors' movements are explained by the market, while the rest of the 

variability is explained by idiosyncratic factors. Kurtosis measures the likelihood of extreme values 

on either side of the mean, or what is known as the degree of fat tails, when the distribution is normal 

then the value of kurtosis will be zero, as the value of kurtosis is positive = 9.37 that is a sign of fatter 

tails. 

The F-value of the regression model can be used to test the goodness of fit test R², a value of F=6.69 

indicates that model has a good predictive capability. 
Table 42 : Unstandardized and standardized estimates of Springate Model during (t–3) 

 
 b t P>|t| bStdX bStdY bStdX

Y 
SDofX 

Working capital/total assets 0.4880 1.6400 0.1070 0.0950 0.9730 0.1900 0.1950 
EBIT/total assets 2.4725 2.2940 0.0260 0.2480 4.9290 0.4950 0.1000 
Profit before tax/current liab -0.0450 -0.3410 0.7340 -0.0360 -0.0900 -0.0720 0.7980 
Sales/total assets 0.1176 1.3370 0.1870 0.0810 0.2340 0.1620 0.6900 
constant 0.1758 1.7340 0.0890 . . . . 

 

The standardized coefficients in Table 46 provide evidence of the relative importance of each 

variable in the model of bankruptcy predicting. In the Long run, the Profitability factor, specifically 

the Basic Earning power ratio (EBIT / Total Assets) is the most important variable in the bankruptcy 

prediction model for the two years before actual bankruptcy happened. 

Function Eigen Value SD Root MSE Skewness R² Kurtosis F 

1 1.030 0.45 0.424 1.805 0.336 9.37 6.69 
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To summarize the ability of the Springate model to predict bankruptcy within 3 years: 

 
 

Table 43: Springate Model accuracy in (t-1) & (t-2) & (t-3) 
 

 t-1 t-2 t-3 Total 
Total case tested 58 58 58 174 
Type I Error 2 3 7 12 
Type II Error 6 7 4 17 
S-Score Accuracy 86% 83% 81% 83% 

 
1. (t-1) one years before bankruptcy: Springate model correctly re-classified 36 out of 58 cases, his predict 

accuracy one year before bankruptcy is 86%. 

2. (t-2) two years before bankruptcy: Springate model correctly re-classified 34 out of 58 cases, his predict 

accuracy two year before bankruptcy is 83%. 

3. (t-3) three years before bankruptcy: Springate model correctly re-classified 33 out of 58 cases, his predict 

accuracy three year before bankruptcy is 81%. 

4. In average, during three years before bankruptcy, Springate model correctly re-classified 145 out of 174 

cases, his overall predict accuracy is 83%. this score indicating a medium discriminating power with 

medium ability potentiality for bankruptcy prediction. 

5. When the Springate model is applied In the short run, the Efficiency factor, specifically the Asset 

Turnover ratio (Total Sales / Total Assets) is the most important variable in the bankruptcy prediction 

model. While In the Medium run and Long run, the Profitability factor, specifically the Basic Earning 

power ratio (EBIT / Total Assets) is the most important variable in the bankruptcy prediction model. 

6. Working capital/total assets is the first element of the Springate model, is classified within the ratios of 

liquidity, there is a strong positive relationship between the value of S and the value of this element. The 

companies with a low ratio of net working capital had a low value of S, Because the decrease in the value 

of the net working capital is evidence of the lack of liquidity in the company, which means that the 

company is unable to pay its obligations, which is one of the reasons leading to bankruptcy. 

7. EBIT/total assets: the second element of the Springate model is the ratio of return on investment, there is a 

strong positive relationship between the rate of return on investment where the return on investment is 

noted from It also has a low S-value, which is one of the reasons leading to bankruptcy since the goal of 

all companies is to achieve a high rate of return on investment to ensure the continuity of the company. 

8. Profit before tax/current liabilities: The third element of the Springate model is Profit Before Tax / Current 

Liability, there are relationship between the value of this ratio and company failure. As long as the value 

of this ratio decreased could indicates that the company is approaching the barrier of financial failure. 
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9. Sales/total assets: is the fourth element of the Springate model, the decrease in the value of this percentage 

is always associated with a decrease in the value of S. Because the decrease in this percentage indicates 

the inefficiency of the management of this company in investing its assets in order to achieve high sales, 

which is one of the reasons leading to bankruptcy. 

 

 

4.1.9 Grover Model Test 

Before starting the analysis using Grover Model, it is important to check The 

multicollinearity between variables by running the multicollinearity or Variance Inflation 

Factor (VIF) test: 
 
 

 
 
 

 
The result of the multicollinearity or Variance Inflation Factor (VIF) test shows a value 

between 1 and 5 for all variables which indicates moderately and reasonably correlated. 

 
The analyzing and results section of Grover Model Test had been divided into three separate 

subsections (for three years) because the analysis was conducted individually for each year 

before bankruptcy. The sample which will be used in Grover Model will consist of 58 

companies: 

 
 

Analyzing and Results One-year prior bankruptcy (t–1): 
 

The sample used is Sample# 10 

Table 44. Descriptive group statistics of Grover Model during (t–1) 
 



44  

 Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  
Variables 

Mean Median SD Mean Median SD Mean Median SD 
Working capital/tot assets -0.0973 0.0113 0.4223 0.1513 0.1146 0.1449 0.0398 0.0849 0.3243 
EBIT / Total assets -0.0089 0.0035 0.0893 0.1188 0.1037 0.0652 0.0616 0.0643 0.0996 
Net income / Total assets -0.0760 -0.0154 0.3259 0.0927 0.0880 0.0655 0.0170 0.0374 0.2368 

 
 
 

Table 45. Outline of canonical discriminant functions of Grover Model during (t–1) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 1.080 0.22 0.3682 -2.409 0.490 16.21 17.27 
 

 
 The low value of Root Mean Squared Error (Root MSE) = 0.3682 is good because it indicates a low 

level of prediction errors when compared to actual observed values. 

The negative value of Skewness = -2.409 means that distribution is negatively Skewness 

(skewed to the left), and the standard deviation did not overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 49% indicates 

that almost 49% predicting factors' movements are explained by the market, while the rest of 

the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is 

known as the degree of fat tails, when the distribution is normal then the value of kurtosis will 

be zero, as the value of kurtosis is positive = 16.21 that is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=17.27 indicates that 

model has a good predictive capability. 

 

Table 46: Unstandardized and standardized estimates of Grover Model during (t–1) 
 b t P>|t| bStdX bStdY bStdXY SDofX 
Working capital/total assets 0.4487 2.1150 0.0390 0.1460 0.8940 0.2900 0.3240 
EBIT / Total assets 3.0054 5.8820 0.0000 0.2990 5.9910 0.5970 0.1000 
Net income / Total assets -0.0346 -0.1160 0.9080 -0.0080 -0.0690 -0.0160 0.2370 
constant 0.3494 6.0730 0.0000 . . . . 

 
The standardized coefficients in Table 5 provide evidence of the relative importance of each variable in 

the model of bankruptcy predicting. In the short run, the Profitability factor, specifically the Basic 

Earning power ratio (EBIT / Total Assets) is the most important variable in the bankruptcy prediction 

model for one two years before actual bankruptcy happened. 

During the period (t-1) one years before bankruptcy. Springate Model correctly re- classified 44 out of 58 

cases (76%), indicating strong discriminating power , high ability potentiality for bankruptcy prediction. 
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Analyzing and Results Two-year prior bankruptcy (t–2): 
 

The sample used is Sample# 11  
 
Table 47. Descriptive group statistics of Grover Model during (t–2) 
 Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  

Variables         

 Mean Median SD Mean Median SD Mean Median SD 
Working capital/total assets 0.0725 0.0187 0.1907 0.1676 0.1403 0.1433 0.1249 0.1046 0.1715 
EBIT / Total assets 0.0191 0.0164 0.0559 0.1340 0.1209 0.0840 0.0825 0.0715 0.0924 
Net income / Total assets -0.0466 -0.0045 0.1062 0.1149 0.0956 0.1193 0.0425 0.0472 0.1387 

 
 
 

Table 48. Outline of canonical discriminant functions of Grover Model during (t–2) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 0.896 0.1 0.379 0.973 0.4586 7.4 15.25 

The low value of Root Mean Squared Error (Root MSE) = 0.379 is good because it indicates 

a low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.973 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 46% indicates 

that almost 46% predicting factors' movements are explained by the market, while the rest of 

the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is 

known as the degree of fat tails, when the distribution is normal then the value of kurtosis will 

be zero, as the value of kurtosis is positive = 7.4 that is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and 

thereby assess if model has a predictive capability, a value of F=15.25 indicates that 

model has a good predictive capability. 

 

Table 49: Unstandardized and standardized estimates of Grover Model during (t–2) 
 b t P>|t| bStdX bStdY bStdXY SDofX 
Working capital/total assets 0.4122 1.3650 0.1780 0.0710 0.8220 0.1410 0.1710 
EBIT / Total assets 2.2798 3.1210 0.0030 0.2110 4.5450 0.4200 0.0920 
Net income / Total assets 0.9747 1.9740 0.0540 0.1350 1.9430 0.2700 0.1390 
constant 0.2708 3.5030 0.0010 . . . . 

 
The standardized coefficients in Table 54 provide evidence of the relative importance of each 

variable in the model of bankruptcy predicting. In the medium run, the Profitability factor, 
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specifically the Basic Earning power ratio (EBIT / Total Assets) is the most important 

variable in the bankruptcy prediction model for two years before actual bankruptcy happened. 

During the period (t-2) two years before bankruptcy. the Grover Model correctly re- classified 

38 out of 58 cases (66%), indicating strong discriminating power with high ability potentiality 

for bankruptcy prediction. 

 
 

Analyzing and Results Three-year prior bankruptcy (t–3): 
 

The sample used is Sample# 12 
 
  
Table 50. Descriptive group statistics of Grover Model during (t–3) 

Variables 
Bankrupt firms (26) Non-bankrupt firms (32) Total firms (58)  

Mean Median SD Mean Median SD Mean Median SD 
Working capital/tot assets 0.0643 -0.0001 0.2302 0.1719 0.1509 0.1482 0.1236 0.0994 0.1952 
EBIT / Total assets 0.0395 0.0310 0.0577 0.1443 0.1279 0.1034 0.0973 0.0824 0.1002 
Net income / Total assets 0.0024 0.0125 0.1032 0.1168 0.1064 0.0657 0.0655 0.0651 0.1016 

 
 

Table 51. Outline of canonical discriminant functions of Grover Model during (t–3) 
 

Function Eigen 
Value SD Root MSE Skewness R² Kurtosis F 

1 0.838 0.13 0.4116 0.353 0.362 9.16 10.21 

 
The low value of Root Mean Squared Error (Root MSE) = 0.4116 is good because it indicates 

a low level of prediction errors when compared to actual observed values. 

The positive value of Skewness = 0.353 means that distribution is positively Skewness 

(skewed to the right), and the standard deviation overestimate risk. 

R² is a measure of how well a regression fits the data, the result value of R² is 36% indicates 

that almost 36% predicting factors' movements are explained by the market, while the rest of 

the variability is explained by idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is 

known as the degree of fat tails, when the distribution is normal then the value of kurtosis will 

be zero, as the value of kurtosis is positive = 9.16  is a sign of fatter tails. 

The F-value of the regression model can be used to test the goodness of fit test R², and thereby 

assess if model has a predictive capability, a value of F=10.21 indicates that model has a good 

predictive capability. 

 
Table 52: Unstandardized and standardized estimates of Grover Model during (t–3) 
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 b t P>|t| bStdX bStdY bStdXY SDofX 
Working capital/total assets 0.2092 0.6850 0.4960 0.0410 0.4170 0.0810 0.1950 
EBIT / Total assets 1.3545 1.8210 0.0740 0.1360 2.7000 0.2700 0.1000 
Net income / Total assets 1.7269 2.2100 0.0310 0.1750 3.4420 0.3500 0.1020 
constant 0.2810 3.5100 0.0010 . . . . 

   
The standardized coefficients in Table 77 provide evidence of the relative importance of each variable 

in model of bankruptcy predicting. In the Long run, the Performance factor, specifically the After-Tax 

Return Assets ratio (Earning After Tax / Total Assets) is the most important variable in the bankruptcy 

prediction model for the three years before bankruptcy happened 

 
To summarize ability of Grover model within 3years:  

Table 53: Grover Model Accuracy in (t-1) & (t-2) & (t-3) 

 
 

 

1. (t-1) one years before bankruptcy: Springate model correctly re-classified 44 out of 58 cases, his predicted 

accuracy one year before bankruptcy is 76%. 

2. (t-2) two years before bankruptcy: Springate model correctly re-classified 38 out of 58 cases, his predicted 

accuracy two year before bankruptcy is 66%. 

3. (t-3) three years before bankruptcy: Springate model correctly re-classified 38 out of 58 cases, his 

predicted accuracy three year before bankruptcy is 66%. 

4. In average, during three years before bankruptcy, Springate model correctly re- classified 120 out of 174 

cases, his overall predicted accuracy is 69%. this score indicating a medium discriminating power with 

medium ability potentiality for bankruptcy prediction. 

5. In the short run and medium run, the Profitability factor, specifically the Basic Earning power ratio (EBIT 

/ Total Assets) is the most important variable in the bankruptcy prediction model for one year and two 

years before actual bankruptcy happened. 

6. In the Long run, the Performance factor, specifically the After-Tax Return on Assets ratio (Earning After 

Tax / Total Assets) is the most important variable in the bankruptcy prediction model for the three years 

before actual bankruptcy happened. 

 
 
 
 
 

 t-1 t-2 t-3 Total 
Total case tested 58 58 58 174 
Type I Error 14 20 20 54 
Type II Error 0 0 0 0 
G-Score Accuracy 76% 66% 66% 69% 
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4.1.10 Meslemani-2022 Model 
 
 

After this study had tested the effectiveness of all previous bankruptcy prediction models and presented 

the most important results for them, the common observation in all previous models is that although they 

are old, they are still effective in predicting bankruptcy today. However, their ability to predict bankruptcy 

varies from one model to another. However, they nevertheless suffer from a large gap. Each of these 

models has special conditions for its application; for example, all companies in the study sample must be 

American and industrial to apply the Altman model. Public companies and the value of their assets should 

not be less than one million dollars. 

The existence of these special conditions for applying each model constitutes a real obstacle that makes 

the work of those models restricted within the limits of the sample to which only the conditions of the 

model apply. 

Building a comprehensive model for all the previous models whose performance was examined in this 

study will provide the most capable prediction for future bankruptcy. Therefore, to overcome this problem 

and overcome the gap that appeared in the previous models, the author conducted many empirical studies 

and statistical and mathematical tests to reach a comprehensive model that can work under all conditions 

and predict the bankruptcy of all types of companies. 

 

Based on the requirements of scientific research, we will use two completely separate samples. There is no 

overlap or repetition between them, the first sample is (group B), and it will be used to perform all the 

required tests in this model. It consists of 60 

companies divided into 29 bankrupt companies symbolized by it the symbol 0, and 31 non-bankrupt or 

healthy companies symbolized by the symbol 1. and the second group will be called (group A) consists of 

60 companies divided into 29 bankrupt companies symbolized by it the symbol 0, and 31 non-bankrupt or 

healthy companies symbolized by the symbol 1. No tests will be conducted on group A. However, this 

group will be used to apply the results of the tests that we have conducted on sample B and ensure its 

accuracy and efficiency. The number of variables used in the sample is eight quantitative variables. The 

reason for choosing these variables is that after studying previous models, these variables proved that they 

have an excellent ability to predict bankruptcy, and these eight variables are: 
X1 = Current Assets/ Current Liability  
X2 = EBIT/Total assets 
X3 = Net Sales/Total assets 
X4 = Profit After Tax/Total Assets  
X5 = Profit before tax/cur liabili  
X6 = Retained Earn/Total assets  
X7 = Total Liab/Tot Assets 
X8= Workin cap/Tot assets 
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The sample used is Sample# 14 & 15. Descriptive statistics (mean, median, and standard deviation) are 

provided for each specified variable in Table 54 for both the bankrupt group of companies, non- bankrupt 

group of companies and for a total sample of (60 companies): 

 
 
Table 54. Descriptive group statistics of Meslemani Model 

 

Bankrupt firms Non-bankrupt firms Total firms (60) 
Variables 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 55. Outline of canonical discriminant functions of Meslemani Model 

Function Eigen Value SD Root MSE Skewness R² Kurtosis F 

1 1.6071 0.597 0.4162 -1.281 0.4102 13.82 4.43 

 
The low value of Root Mean Squared Error (0.4162) is good as it indicates a low level of errors in the 

model’s predictions when compared to actual observed values. 

The negative value of Skewness means that distribution is negatively Skewness (skewed to the left), and 

the standard deviation did not overestimate risk. 

R² is a measure of how well a regression fits the data, the value of R² is 41% indicates that almost half of 

predicting factors' movements are explained by the market, while the rest of the variability is explained by 

idiosyncratic factors. 

Kurtosis measures the likelihood of extreme values on either side of the mean, or what is known as the 

degree of fat tails, when the distribution is normal then the value of kurtosis will be zero, if the value of 

kurtosis is positive (13.82) that is a sign of fatter tails. On the opposite side, negative skew or kurtosis may 

lead to a higher frequency of extreme negative returns. 

The F-value of the regression model can be used to test the goodness of fit test R², and thereby assess if 

model has a predictive capability, a value of F=4.43 indicates that model has a good predictive capability. 

The low value of Root Mean Squared Error (Root MSE) is good because it indicates a low level of 

prediction errors when compared to actual observed values 

 Mean Median SD Mean Median SD Mean Median SD 
Current Assets/ Current Liability 1.349 1.283 0.919 1.813 1.640 0.738 1.589 1.391 0.855 
EBIT/Total assets -0.003 0.017 0.104 0.074 0.074 0.073 0.037 0.058 0.097 
Net Sales/Total assets 1.097 1.154 0.748 0.855 0.767 0.524 0.972 0.892 0.648 
Profit After Tax/Total Assets -0.164 -0.077 0.294 0.046 0.045 0.105 -0.055 0.000 0.240 
Profit before tax/current liabilities -0.258 -0.118 0.663 0.237 0.259 0.549 -0.002 0.035 0.652 
Retained Earnings/Total assets -0.278 -0.044 0.589 -0.101 0.248 2.063 -0.187 0.017 1.528 
Total Liability/Total Assets 1.091 0.923 0.477 0.650 0.641 0.191 0.863 0.789 0.419 
Working capital/Total assets -0.081 0.039 0.432 0.168 0.120 0.136 0.048 0.105 0.337 
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Table 56: Variance Inflation Factor (VIF) for Meslemani model 
 

Variable VIF 
Current Assets/ Current Liability 4.31 
EBIT/Total assets 3.81 
Net Sales/Total assets 2.95 
Profit After Tax/Total Assets 2.51 
Profit before tax/current liabilities 1.75 
Retained Earnings/Total assets 1.60 
Total Liability/Total Assets 1.18 
Working capital/Total assets 1.14 
Mean VIF 2.41 

 
The result of the multicollinearity or Variance Inflation Factor (VIF) test shows a value between 1 

and 5 for all variables which indicates moderately and reasonably correlated. This means we can 

distinguish between the individual effects of the independent variables on a dependent variable. 

 
Table 57: Kaiser-Meyer-Olkin measure (KMO Test): 

 

Variable kmo 
 

Current Assets/ Current Liability 0.5619 
EBIT/Total assets 0.6215 
Net Sales/Total assets 0.6901 
Profit After Tax/Total Assets 0.6707 
Profit before tax/current liabilities 0.7382 
Retained Earnings/Total assets 0.7089 
Total Liability/Total Assets 0.8025 
Working capital/Total assets 0.6445 

Overall 0.680 
 

Table 57 presents the result of the Kaiser-Meyer-Olkin measure (KMO Test), has overall 

result value is 0.68 which indicates that the data has reasonably suited for these types of 

analyses. 

Table 58: Standardized and Unstandardized Coefficients of Meslemani model 
 

Variable Standardized coefficients Unstandardized coefficients 
Current Assets/ Current Liability 0.0590 0.0347 
EBIT/Total assets 0.2580 1.3492 
Net Sales/Total assets -0.0020 -0.0013 
Profit After Tax/Total Assets -0.1610 -0.3372 
Profit before tax/current liabilities 0.1980 0.1530 
Retained Earnings/Total assets -0.1570 -0.0519 
Total Liability/Total Assets -0.4700 -0.5649 
Working capital/Total assets 0.1200 0.1800 
constant . 0.8643 
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According to calculated Discriminant function coefficients in the previous table, the equation form of the 
Meslemani-2022 model could be formulated as: 

 
M=0.8643 +0.0347X1+1.3492X2-0.0013X3-0.3372 X4+0.1530 X5-0.0519 X6-0.5649X7+0.1800 X8 

 
where: 
Z= discriminant score presents the total value of the model based on its variables 
X1 = Current Assets/ Current Liability 
X2 = EBIT/Total assets 
X3 = Net Sales/Total assets 
X4 = Profit After Tax/Total Assets  
X5 = Profit before tax/cur liabilility  
X6 = Retained Earn/Total assets  
X7 = Total Liability/Tot Assets 
X8= Working capital/Tot assets 

 

The Distinctive score in above formula expresses the final calculated value of the prediction model. The 

fixed values express the relative importance of the variables used to reach the calculated result of the 

model. 

Table 59: The average value of failed & non-failed & Group Centroids of Meslemani model 
Failed Company Group Center-Point Healthy Companies 

0.3048 0.5167 0.7150 
 

All companies have a result value less than the group center point value and closer to the average value 

of failed companies will re-classified as failed companies. Similarly, all companies have a result value 

more than the group center point value and closer to the average value of non-failed companies will re-

classified as non-failed companies. 
 

Table 60: The result of Meslemani predict model using Quantitative Method 
 

  Failed Non- 
failed Total 

Original     
Count  29 31 60 

Percentage  48% 52% 100% 
Cross-validated 

Count Faild 20 8 28 
Non-failed 9 23 32 

Percentage 
Faild 71% 29% 100% 
Non-failed 28% 72% 100% 

 
As table 60 present, Meslemani model successfully predicts 72% of cases tested (60 firms), which 

consider a high rate of predicting. 

 

To ensure that the model has measured the highest value of the prediction and that the value it 

presented to distinguish between failed firms and successful firms is the highest possible, we will 

conduct a sensitivity analyses test with the what-if formula. Let us remember that at the group-



52  

canter point value of 0.5167, the model's predictive ability reached up 72%, now we will assume 

different values for the group-central point and will run the model to see his predict level at each of 

these supposed points. 

Figure 61: Sensitivity Analysis for Meslemani Model using Quantitative Factors only 

 
 

As we can see from the previous graph, we applied sensitivity analyses using 12 different assume 

values starting from 0.1 to 0.9, and we ran the model one time for each assumed value, which in total 

12 times for all the different hypothesized points and recorded the corresponding prediction value for 

each point. Sensitivity analysis shows that at test number 6: the 0.5167 group canter point calculated 

by the model corresponds to the highest prediction level at 72%, while all the assumed group canter 

points have alower prediction value. This is evidence that the model works effectively and produces 

the best level of prediction. 

 
 
 

4.1.11 Business evaluations Methods 

4.1.11.1 The Price-to-Earnings Ratio (P/E Ratio) 
 

After the definition of the P/E Ratio as one of the most widely used of all Relative Valuation tools for 

companies for determining the stock valuation. In addition to showing whether a company's stock price is 

overvalued or undervalued its formula had been provided in the theoretical section, a real example will be 

presented in this analysis section to get a deeper understanding of this ratio: 

The following data were extracted for X company which active within the Tele industry: 

Growth Rate (Expected)=7.16%, Beta=0.72 , Risk-Free Rate=0.82% , Risk premium=5%,Cost of 

Equity=4.42% ,Payout ratio=20%, average P/E Ratio of Tele industry = 12.77, EPS 2019=1.7 , EPS 2018 

= 0.74 , EPS 2017 = 2.24 , EPS 2016 =0.86.Telia company stock price 2020= 35.30 SEK. 

Based on the above-given information, the P/E Ratio for X company = 30.43, and this value means that 
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when any investor selects to invest his money in X company, he will pay 30.43 SEK to get 1 SEK of X 

profit. 

The P/E Ratio of X company means nothing unless compared with the average ratio of the others 

competitors within the same industry which is for the same year ( 12.77 ) , this value calculated based on 

the following info for the top 10 competitors in same industry for the year: 

Telekom Austria AG=12.76, Vodafone = -21.8 , United Internet AG = 21.36 , Telia = 30.76 , Tele2= 

10.88 , Orange= 5.893 , BT Group = 10.05 , Deutsche = 14.13 , Swisscom= 17.06 , Telenor = 26.97. 

As the X company P/E Ratio (30.43) is higher than the average industry ratio (12.77), then we could 

conclude that stock price of X company is overvalued and that could lead to bankruptcy. 

X company fair value per share = Average of EPS * Average P/E ratio of competitors. Thus, X company 

fair value per share = 1.385 * 12.77 = 17.68 SEK. 

 

4.1.11.1 Price/Earnings to Growth Ratio (PEG Ratio) 
 

After the definition of the Price/Earnings to Growth Ratio had been provided in 

the theoretical section, an example will be presented next to get a deeper 

understanding of how this ratio works in predicting. By going ahead with the 

previous example: 

after getting the value of the Price/Earnings ratio (30.43). The next step is 

calculating Earnings growth rate over five years: 
 
 

Fiscal Period 2017 2018 2019 2020 2021 Earning growth rate over five years 
Growth Rate 12.6% 23.2% 18.3% 31.0% 23.5% 21.7% 

 
  

Next, PEG Ratio formula is applied: 

PEG Ratio = (P/E) / Earning growth rate over five years 
 

Fiscal Period P/E Ratio 2017 2018 2019 2020 2021 Earning growth rate over five years PEG Ratio 
Growth Rate 30.43 12.6% 23.2% 18.3% 31.0% 23.5% 21.7% 1.40 

 
 

As the PEG ratio value is higher than 1, this indicates that the stock of X 

company is overvalued, which means unhealthy company that could lead to 

bankruptcy. 

4.1.12 Sensitivity Analysis Using Tornado Diagram. 
 
 

After a definition of sensitivity analysis using a tornado diagram had provided in the theoretical 

section, an example will give a deeper understanding of how this method works. 
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Sensitivity analysis measures the strength of the correlation between the company's primary 

financial ratios and indicators. It examines the extent to which these indicators are affected due to 

a possible change in one of them. Table 88 shows a sensitivity analysis of Telia's company 

financial ratios using the Tornado diagram method. 

 

Table 62: Sensitivity Analysis of Telia Financial Ratio using Tornado diagram 

 
 

Table 62: Sensitivity Analysis of Telia Company Financial Ratio using Tornado diagram. Source: (Meslemani,2021). 
 

The zero value is the common axis for all financial ratios and indices. 

Whenever the distribution of the values of the financial indicators or the financial 

ratios is symmetrically around the zero axis, this indicates the strength of the 

correlation between those basic financial ratios and indicators and an increase in the 

impact of these indicators from the possible change in one of them, which reflects 

their flexibility, and thus indicates that the company are in a healthy state. When the 
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company are in a healthy statue so it is not required from the management to take 

any action to protect the company against any expected bankruptcy or financial 

failure. From Table 88, we find that the indicators that have a high correlation 

strength, for example, are: 

• PP&E Turnover 
• net turnover of non-current assets 
• Debt to venture capital 
• ROE 

• Accounts Receivable Turnover 

• Inventory of days 

• Inventory turnover 
 
 

On the other hand, if the values of the indicators or financial ratios are distributed 

asymmetrically around the axis, this indicates a weak correlation between the 

company's fundamental financial ratios and indicators and the low impact of these 

indicators as a result of these indicators a possible change in one of them. 

Therefore, it indicates an unhealthy situation, and the management of the company 

must take urgent action to protect the company from the risks of financial failure or 

bankruptcy. From Table 88, we find that the indicators that have weak correlation 

strength, for example, are: 

• Fast rate 

• Current Ratio 

• Payable turnover 

• Payment days 

• The cash transfer cycle 
 
 

Sensitivity analysis has highly trusted by financial analysts, business owners, and 

investors because it provides a visual insight that includes all independent financial 

variables that depend on the strength of the correlation between its financial 

indicators. An advantage that other bankruptcy forecasting methods do not provide. 

It provides strategic information required by corporate decision-makers. This 

strategic information is used to avoid early bankruptcy after identifying where 

improvements are needed in the companies' financial structure and provides a 

reasonable basis for decision-makers to make appropriate investment decisions 

after understanding the interrelationship between financial indicators. 
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4.1.13 Credit Health Panel (CHP) 

 

After introducing the definition of Credit Health Panel and its financial matrix in the 

theoretical section, we will present below two examples of two companies using 

CHP, the first example is related to a healthy company and the second is to a bankrupt 

company, and why they are presented There are two examples to give a deeper 

understanding of how this method works. 

 
The credit health panel measures the financial indicators of the company based on a 

financial matrix specially designed for this method, then it compares the calculated 

value of each of these indicators with the industry average, then the calculated values 

of these indicators are summarized in three main groups: operational indicators, 

solvency indicators, liquidity indicators. Finally, the company's financial health score 

is obtained based on the calculated values of these three groups together and 

compared to its equivalent credit ratings. 

 
 

As with sensitivity analysis, the Credit Health Panel method has been trusted by 

financial analysts, business owners, and investors because it provides visual insight 

into the most important independent and dependent financial variables. An advantage 

that other bankruptcy forecasting methods do not provide. It provides strategic 

information required by corporate decision makers. This strategic information is used 

to avoid early bankruptcy after identifying where improvements are needed in the 

companies' financial structure and provides the appropriate basis allowing decision 

makers to make appropriate investment decisions. 
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Table 63 : Example of Failed company using Credit Health Panel: 
 

 

Source: Standard & Poor’s Financial Services LLC 
 

The overall Credit Score is: BBB, credit statues is: Stable, as of 29-Jan-2021.The 
result ofCredit Health Panel's classification for this company is identical to its 
actual status as (healthy company) 
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Table 64 : Example of Non-Failed company using Credit Health Panel : 
 

Source: Standard & Poor’s Financial Services LLC 
 

The overall Credit Score is -BB, credit statues is: Negative, as of 15- 
Jun-2020.The result ofCredit Health Panel's classification for this 
company is identical to its actualstatus as (Bankrupt company) 
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4.2 Analyzing using non-quantitative Method 
 

This section aims to establish non-quantitative red flags as a prerequisite and complement to the 

quantitative research in the previous section. When we find significant changes in the industry 

related to the company, such as changes in objective factors such as policies, laws and regulations, 

technology or markets, or even unavoidable factors such as natural disasters, we can first use the 

red flags provided in this part to judge the screening, and then analyze them through the 

quantitative model mentioned in the previous part, which can greatly improve the efficiency of 

predicting company bankruptcy. 

Argenti believes that the main methods to study the causes and symptoms of corporate failure are 

as follows: (1) Document analysis (2) Interview analysis (Argenti, 1976, pp. 116 - 117). Since 

COVID-19 still imposes certain restrictions on social communication, the document analysis 

method is mainly used in this work. The annual reports published by companies contain important 

information. This information can explain many firm attributes and organizational outcomes, and 

the document analysis method can extract this information. We select three representative 

companies from different industries to study, and we will rely on information obtained from their 

annual reports issued prior to bankruptcy and signals captured in CEO letters to shareholders in the 

years prior to bankruptcy to build a list of Red Flag Items to derive any signals that can be used to 

predict the occurrence of future bankruptcies. In this way, annual reports' voluminous and 

complicated data is simplified to the most critical red flags for predicting impending bankruptcy. 
In recent years, there has been a large amount of research on non-quantitative factors for 

bankruptcy prediction. A review of previous literature and research can provide ideas and 

references for addressing non-quantitative factors of corporate insolvency. 

Godbillon-Camus and Godlewski, in their investigation of the role of information processing in 

bank intermediation, found that soft information generated in the banking relationship, which is 

qualitative and unverifiable, is therefore actionable but produces more accurate estimates of the 

quality of the debtor. According to their findings, having access to soft data helps bankers to 

lower capital allocation for value-at-risk coverage. (Godbillon& Godlewski,2005). 

Purda and Skillicorn developed a data generation tool based on the language used in the 

management discussion and analysis parts of annual and interim reports to discern between 

fraudulent and genuine reporting. Through a comparison of various samples, they found that this 

approach was useful for distinguishing between fraudulent and authentic companies as well as for 

identifying fraudulent reports from a series of reports issued by a single company 

(Purda&Skillicorn,2011). This shows that non-quantitative information plays an active role in 

distinguishing fraudulent reports and that the analysis of non-quantitative information is a 
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meaningful complement to traditional quantitative methods. 

Tetlock et al. examine whether accounting surpluses and stock returns of individual firms can be 

predicted using simple linguistic measures. They find that other difficult-to-quantify aspects of 

firm fundamentals can be captured through the language of financial reports (Tetlock et al.,2007). 

This suggests that stock prices incorporate qualitative information that represents difficult-to-measure 

aspects of business fundamentals, despite the fact that negative information appears to be underreacted 

to by investors. (Tetlock et al.,2007). 

Engelberg examines the role of information processing costs on post earnings announcement drift, 

and his study finds that qualitative information has greater predictability for long-term returns 

(Engelberg,2008). 

However, through their review of research, we found that non-quantitative information is not 

always easy to capture and usually requires higher capital investment or cost. The purpose of this 

case study is to identify red flags through document analysis, which can effectively overcome this 

difficulty. Using the red flags list is straightforward to check whether and how many warning signs 

are present in the check text rather than checking the tone of the text. Red flags are defined by 

Lundstrom (2009) as a set of circumstances that are unusual in nature or different from normal 

activity and raise professional suspicion on the part of the auditor, internal auditor or fraud 

examiner. Since these warning signs indicate problems with risk-taking based on financial 

statements, red flags is applicable to assessing investment risk(Loughran&McDonald,2009). 

Brazel et al. provide examples to demonstrate the importance of red flags as an investor analysis 

tool. They indicate that investors who prioritize fraud risk assessments employ fraud red flags 

more frequently to avoid potentially fraudulent investments. Non-specialist investors may achieve 

higher market returns by considering red flags in their investment decisions(Brazel& Warne,2010). 

With the help of this part, non-professional investors can also make automatic, fast and simple 

hazard judgments at low cost and then proceed to the next step of evaluation. 

 
General Motors went bankruptcy on June 1, 2009. 

In order to analyze the non-quantitative factors of GM's bankruptcy, we analyzed GM's annual 

reports for the last ten years before its bankruptcy, trying to discover its pre-bankruptcy marks and 

provide information and reference for predicting other companies' bankruptcy in the future: 

 
1.The bankruptcy of General Motors has long been a clue, through the 2005 GM annual report, in 

2005, GM's auto business had a high debt of $168.1 billion, with a debt ratio of 104%. The group's 

total debt was $480.5 billion, with a debt ratio of 96.7%. This high level of indebtedness also 

resulted in large annual interest charges, which amounted to $15.8 billion in 2005, or 8.19% of 
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operating income. As a result, GM continues to sell assets to ensure the continued operation of its 

core business (GM, 2006). This shows that GM's huge debt has caused GM to be at risk, but is 

financial distress the only sign that can be found by analyzing GM's annual reports? 

 
2.In 2000, GM spent $2.4 billion to acquire a 20% stake in Fiat to form an alliance with it. In 

2002, General Motors bought South Korea's Daewoo for about $300 million (GM,2003). 

However, not every expansion project will generate revenue. The 2005 annual report shows that 

after spending $2.4 billion to acquire Fiat shares in 2000, G.M. Paid $2 Billion to Sever Ties to 

Fiat in 2005, in addition to billions spent on joint projects between the two companies that did not 

yield any results (GM,2006). After spending billions of dollars to acquire Saab and invest in new 

car research and development, Saab has only been profitable for one year since 2000. By analyzing 

the annual report, we found that the general strategy of global expansion was not successful, it can 

be said to be over-expansion. The companies acquired by GM are scattered in various places and 

lack effective resource integration of production and R&D centers. 

 
3.GM's 2007 annual report shows that GM lost $38.7 billion in 2007, the largest annual loss in the 

company's 100-year history (GM,2008). MacDuffie stated that GM was going to continue to 

develop large vehicles (MacDuffie et al.,2018). But the fact is that the demand for small cars was 

steadily increasing at this stage due to economical considerations. Due to GM's misjudgment of 

market demand and focus on large cars and SUV products at the expense of small car 

development, GM's products were out of balance and outdated again when gas prices began to rise 

and consumer preferences shifted to small cars again (MacDuffie et al.,2018). According to 

Micheline Maynard, GM has lagged behind the changes in market consumption in terms of 

product innovation over the past 20 years (Maynard, 2008). A comparison with Toyota's annual 

report reveals that GM's misjudgment of market demand and failure to adequately consider market 

needs has resulted in losing the competition with Japanese cars. As global oil prices continued to 

rise, GM successively lost its competitive position in Europe and the U.S. mainland, and its market 

share continued to decline. This failure is also reflected in the 2008 annual report. In 2008, GM 

Hummer sales were 27,485 units, down 51% from 2007 (GM, 2009). 

 
4.A review of GM's 2008 annual report shows that GM posted a huge loss in 2008, amounting to 

$30.9 billion. GM's sales in the U.S. fell 23% in 2008 and 31% in 2009 (GM, 2009&2010). 2007 

saw the onset of the subprime mortgage crisis, which tightened credit and made it difficult to 

borrow money to purchase a car. 2008 saw a sharp spike in gas prices, which caused sales of the 

U.S. manufacturer, which relies on pickup trucks and SUVs, to plummet. The decline in sales 

directly led to reduced economies of scale and higher costs(Xue,2012). It can be seen that GM's 
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bankruptcy was also related to the world economic environment at that time. 
 
 

5.By analyzing GM's 2006 annual report, it can be found that the average hourly wage of GM 

employees in 2006 was $73.26, including $39.68 in cash wages and $33.58 in various benefits and 

various allowances (GM, 2007). A comparison of the average wages of its competitor, Toyota, 

which also has plants in the United States, reveals that the average hourly wage is only $48 

(MacDuffie et al.,2018). Retired workers and the benefits they pay are several times the number of 

active employees, placing a heavy burden on GM. According to GM's 2006 annual report, in 2006, 

GM spent an average of $1,635 on employee health insurance for each vehicle produced (GM, 

2007). This compares with $215 for Toyota. Over the past 15 years, GM has spent as much as 

$103 billion on pensions and health insurance, averaging about $7 billion per year (MacDuffie et 

al.,2018). This has resulted in an increase in GM's cost per vehicle of $1,600 to $1,800, making it 

difficult for GM to compete on price. On average, they earned $2,400 less than Toyota per 

car(JAMES B. TREECE, 2005). Because of this, John MacDuffie, a manufacturing expert at the 

Wharton School of the University of Pennsylvania, argues that of all of GM's failures, including 

the failure to control small cars, the failure to cut costs, the failure to be tough on the UAW, and 

the failure to improve fuel efficiency, the biggest failure may have been a failure of management 

(MacDuffie et al.,2018). The emergence of the subprime mortgage crisis, overlaid with GM's large 

liabilities and pension liabilities, eventually left GM insolvent with an equity account deficit of 

$86.2 billion (GM, 2010). In 2009,GM to file for bankruptcy in New York court under Chapter 11 

of the U.S. Bankruptcy Code. This shows that heavy labor costs were also one of the non- 

quantifiable factors that led to GM's bankruptcy that cannot be ignored. Robert J. Dewar once said 

that if we were to identify the most important cause of GM's bankruptcy, I think it would be the 

high cost of labor (Dewar, 2009). 

In general, the non-quantitative factors of GM's bankruptcy are: market changes, economic crisis 

and other objective reasons, risky global expansion strategy, failure to correctly grasp the trend of 

automobile consumption and consumer demand, and high management costs, especially high labor 

cost. 

 
Lehman Brothers went bankrupt in 2008. 

What exactly caused the bankruptcy of Lehman Brothers? This part will analyze the annual reports 

of Lehman Brothers in the years before its bankruptcy, capture the signs of its bankruptcy, and 

provide help for other companies and other financial institutions in bankruptcy prediction: 

 
1.Lehman Brothers implemented a multi-role business model (Carlsson, 2015). By analyzing the 

annual reports of Lehman Brothers from 2003 to 2006, it was found that the fixed income segment 
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accounts for about half of Lehman Brothers' total revenue each year and its average annual growth 

is around 25% (LEHMAN BROTHERS, 2004&2007). However, according to the 2007 annual 

report, after the subprime mortgage crisis in 2007,the performance of Lehman Brothers' once 

proud fixed income division dropped by 29%, the capital markets division grew by only 2%, and 

the investment banking and investment management divisions grew by 24% and 28%, respectively 

(LEHMAN BROTHERS, 2008a). Therefore, it can be seen that after the outbreak of the crisis, the 

investment banking segment and the investment management segment continued to grow, but the 

real problem lies in the fixed income segment. Lehman's so-called diversified growth is 

concentrated diversification or cross-border operation. The so-called diversification of three 

departments actually generates half of the profits from the fixed income segment, and holds most 

of the assets belong to the fixed income segment (CSIMarket). Therefore, when capital market 

problems occur, its assets will be greatly shrunk, coupled with the high financial risk formed by the 

double-high operating model, the business formed by holding a huge risk position in cross-border 

operating areas. Thus, it can be seen that the instability of Lehman Brothers' multi-role business 

model makes Lehman Brothers' ability to regulate risk much weaker, which is the most 

fundamental reason for the collapse of Lehman Brothers. 

 
2.Looking at the 2007 balance sheet, Lehman Brothers had only $22.49 billion in net assets out of 

its $691.063 billion in assets (LEHMAN BROTHERS, 2008a). According to Lehman Brothers' 

balance sheets in 2008 and 2007, Lehman Brothers business was highly concentrated in derivative 

financial instruments such as debt collateral, credit default swaps, etc. that were highly correlated 

with real estate and failed to reasonably diversify risk through the portfolio (LEHMAN 

BROTHERS, 2008a&c). Brad Hintz, former chief financial officer of Lehman Brothers, stated that 

the value of Lehman Brothers' hard-to-value securitized assets was about 2.5 times its net worth 

(Allan & Roddy, 2008). The shortcomings of Lehman Brothers' investment strategy were fully 

exposed during the subprime mortgage crisis. By comparing the balance sheets of Lehman 

Brothers in 2007 and 2008, it was found that Lehman Brothers' leverage increased from 27.67 

times in May 2007 to 30.65 times in March 2008, and its position in financial instruments 

increased by more than $30 billion (LEHMAN BROTHERS, 2008a&b). Lehman Brothers has 

limited capital, and its business needs capital. Due to profit pressure, Lehman Brothers adopted a 

highly leveraged profit model. While this model increases profitability, it also multiplies risk. 

Through the 2007 annual report of Lehman Brothers, it can be seen that its short-term debt ratio is 

relatively high (LEHMAN BROTHERS, 2008a). After the crisis, the assets such as real estate 

mortgage loans and other assets held by it were greatly impaired and difficult to realize, which 

caused serious problems in the short-term liquidity of the company, and was also one of the 

important reasons for its final bankruptcy. Thus,it can be seen that the financial structure of 
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Lehman Brothers is unreasonable, the leverage ratio is too high and it relies too much on short- 

term financing. This is also reason why Lehman Brothers went bankrupt. 

 
3.Annual reports of Lehman Brothers five years before cording to the bankruptcy, it was found 

that Lehman Brothers' risk management department was not independent. The risk management 

department of Lehman Brothers was intended to be separate from the revenue-generating 

department, yet it is intrinsically impossible for the risk management department to survive 

without the revenue-generating department. Executive compensation at Lehman Brothers was 

based on short-term securities trading profits, and CEO severance pay was routinely in the tens 

of millions of dollars. Driven by attractively high salaries, Lehman's elites pursued huge short-

term returns, opted for "toxic securities," engaged in financial risk, and abandoned credit 

standards. High-paying incentives that leave reasonable boundaries enable executives to take 

risks and focus only on returns (Ball, 2018). It can be seen that good risk management is also 

essential for enterprises. Businesses with poor risk management can also become hidden dangers 

of bankruptcy. 

 
To sum up, the main non-quantitative factors for the bankruptcy of Lehman Brothers were a failed 

multi-role business model, a highly leveraged operating and investment strategy, and a failed risk 

management. The multi-role cross-border business model of Lehman Brothers has greatly 

increased the risk position. In a period of increased market risk, due to the increasing leverage of 

Lehman Brothers, it has greatly increased the difficulty of adjusting the asset structure and 

increased the risk of bankruptcy. Of course, it was because of the failure of risk management that 

Lehman Brothers turned to this model. 

 
 

Kodak had declared bankruptcy in 2012. 
 

1. According to Fuji's 2011 annual report, the total world demand for colour film has declined 

sharply from 1994 to 2011. Global film sales peaked in 2001, and after that, the market slowly 

began to shrink, then accelerated, and finally plummeted by 20 or 30 percent a year. In 2010, 

global demand for photographic film fell to less than a tenth of what it was a decade earlier (Fuji, 

2012). It can be seen that changes in the market have a certain impact on the failure of Kodak. 

 
2. With the popularity of the Internet and personal computers in the 1990s, consumers began to 

buy digital cameras（Trenholm,2021）. But the problem wasn't selling cameras, Kodak sold a lot 

of digital cameras. According to Kodak's 2004 annual report, Kodak's digital camera sales volume 
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is the second largest in the North American market. In 2004, Kodak digital cameras sold 8.71 

million units, ranking third in the global market (Kodak, 2005). Kodak's 2005 annual report 

showed that in 2005, Kodak captured 21.3 percent of the US market and was ahead of its Japanese 

rivals in digital cameras. That year, Kodak's sales increased by 15 percent (Kodak, 2006). But 

according to Ernest Scheyder, by 2001, Kodak was losing $60 per digital camera sold (Ernest, 

2012). It can be seen that the main problem is that Kodak did not make money with digital 

cameras. This problem is evident in Kodak’s financial reports. According to Kodak's 2000 annual 

report, although Kodak's photographic division had operating income of $1.4 billion in 2000, 

profits quickly disappeared (Kodak, 2001). Film sales generated just $34 million in revenue in 

2011, while the digital camera division lost 10 times as much ($349 million), according to Kodak's 

2011 annual report, the year before its bankruptcy(Kodak, 2012). By analyzing Kodak's financial 

statements, it can be found that Kodak's profit margin was only 2% towards the world-popular 

digital cameras. Profit margins were so low that they simply could not support Kodak's survival 

needs. Compared with the 70% gross profit margin of Kodak film, it is no wonder that low profit 

margins have become one of the reasons for Kodak's bankruptcy. 

 
3. However, for Fujifilm, which is the same film industry giant as Kodak, it also faced the huge 

impact of the digital storm, but Fujifilm not only overcame the crisis, but also thrived in this 

challenging environment. According to Fuji's 2009 annual report, in 2009, 16% of Fuji's total 

global sales of US$19.4 billion came from the imaging field represented by photographic film, 

color cameras, and digital cameras, and 41% came from the information business field, mainly 

medical, printing and liquid crystal displays. The cultural processing business, which is dominated 

by document processors, copiers, and printers, accounted for 43% (Fuji, 2010). The 2013 annual 

report shows that Fuji's sales revenue was 24.4 billion US dollars and operating profit was 1.408 

billion US dollars, of which the medical system, pharmaceuticals, life sciences and other business 

areas achieved sales revenue of 9.339 billion US dollars, accounting for 38% of the total revenue. 

The traditional film business only accounts for 1% of its sales revenue (Fuji, 2014). Fujifilm 

appears to have weathered the crisis thanks to a large-scale reorganization and diversification plan. 

As for Kodak, according to Kodak's annual reports in recent years, has always invested about 6% 

of Kodak's annual turnover in research and development. Kodak has also made many attempts to 

transform, trying to reverse the declining market trend. But according to Clark Gilbert & Joseph L. 

Bower, Kodak established businesses that failed in traditional markets and did not find new ones 

(Clark & Joseph, 2002). In fact, Kodak had long recognized that film was a doomed business and 

wanted to capture new markets with a completely different portfolio. According to Kodak's 2003 

annual report, in order to accelerate the development of the digital product market, Kodak 

reorganized its business units and integrated its internal business into five 
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major sectors: digital and film imaging, commercial printing, display and components, medical 

imaging and commercial imaging (Kodak, 2004). Compared with Fujifilm's commitment to 

diversification, Kodak's strategic transformation has a huge gap in both depth and breadth, because 

Kodak has made the wrong analysis and insisted on the declining photography industry. At the 

same time, Kodak gave up as long as it encountered difficulties in the transformation process. For 

example, Kodak entered the pharmaceutical, chemical and other industries. But later, in order to 

focus on the imaging industry, Kodak sold all the pharmaceutical companies and chemical 

companies (Kodak, 2008). Therefore, Kodak's diversification strategy was a failure, and it was the 

lack of diversification that caused Kodak to go bankrupt. 

 
4. Kodak did not invest in an alternative to photographic film because Kodak made the wrong 

decision. Poor decisions are ultimately a management problem. By analyzing Kodak's annual 

reports over the years, it is clear that Kodak's leadership was constantly changing, resulting in a 

discontinuous corporate strategy. In addition, Kodak's satisfaction with the market share and 

monopoly position of traditional film products, lack of forward-looking analysis of the market, and 

the absence of a clear idea of development also reflect Kodak's management's overly conservative 

management philosophy, which seriously affects the strategic transformation of the company and 

hinders its innovative development. Therefore, conservative and changeable management 

philosophy is another important reason for Kodak's bankruptcy. 

 
Thus, it can be seen that the non-quantitative factors of Kodak's bankruptcy are not only the 

economic crisis and changes in market demand, but also Kodak's unreasonable diversification and 

slow strategic transformation. In fact, it is Kodak's management problem, and its conservative and 

changeable business philosophy bears inescapable responsibility for Kodak's bankruptcy. 

 
In conclusion, by analyzing these three representative companies, it can be seen that the main non- 

quantitative factors for the enterprise falling into bankruptcy crisis are the poor internal 

management of the enterprise, the lack of flexibility of the enterprise, the corporate strategy 

failures, the risk management failures, the inability to respond to changes in the external 

environment in a timely manner, or the sudden major changes in the external environment of the 

enterprise. 

Through the above analysis of non-quantitative factors, we can find that these companies showed 

certain signs of business management and financial status before bankruptcy, and we use this to 

build red flag list, as shown in Table 65 
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Table 65: Non-quantitative red flag list. 
 

Ser Reason 
 

1 Financial fraud 
2 Acquisitions by other companies 
3 Risky expansion strategies 
4 Failed multi-role business model 
5 High production costs and competition 
6 Merge with other companies 
7 Serious mistakes in corporate strategic decision-making 
8 Serious Lack of innovation or products development 
9 Poor capital operation and scheduling 

10 Poor corporate financial structure 
11 Failed risk management 
12 Poor capital invested in research and development 

 

 
 
 

4.3 Merging Quantitative & Non-Quantitative Methods 
 

Now, after we had completed the analysis using quantitative methods and had demonstrated 

using sensitivity analysis that the computed predicted value is the best possible value and no 

higher value can be provided by using the quantitative methods only, and then after we 

completed reviewed the analysis by using the non-quantitative methods, we will set the 

following Hypothesis: 

 
Merging the quantitative methods with non-quantitative methods in the same model will 

enhance our ability to predict bankruptcy. 

 
The rationale for motivation merging quantitative methods with non-quantitative methods into 

a single prediction model is that bankruptcy is the final stage of a firm's failure. Companies do 

not reach bankruptcy and liquidation before they go through multiple successive stages of 

failure. The first stages begin with the emergence of some problems in the company's 

performance as a whole or some of its divisions. Then comes the stage of economic failure, 

which is characterized by reduced sales and increased inventory volume - which leads to 

increased production costs and reduced profits. Then the financial stumbling stage begins, 

characterized by the beginning of a decline in liquidity and profitability. After the stage of 

financial failure, the company begins the stage financial failure. At this stage, it becomes clear 

that the administrative and financial efficiency of the company is weak in the performance of 

all or some of its economic activities. The imbalance in the financial structure of the company 

increases its dependence on loans. The short period of financing its activities, then the stage of 

technical failure, which is characterized by the company's failure to keep pace with technical 
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development, and then the stage of legal failure before the company reaches the stage of formal 

filing for bankruptcy. 

 
Based on the results generated from the chapter 4.2-Analyzing using non-quantitative factors 

that could lead to bankruptcy, we could divide the non-quantitative factors into two groups: 

1. Dangerous non-quantitative factors that lead to bankruptcy 

2. Non-Dangerous non-quantitative factors that do not lead to bankruptcy (reduce the 

profitability, market share, net profit, ext but not lead to bankruptcy). 

 
By back to our sample (group B ) and sorting the companies that the model had failed to 

predict their bankruptcy using quantitative factors, we assume that these companies went into 

bankruptcy due to non-quantitative factors. 

 
Using the method of analyzing the annual reports and CEO letters to shareholders published in 

the years before actual bankruptcy happened, we can specify the non-quantitative reason that 

led to the bankruptcy of each company. If the reason is classified as secondary factors that do 

not lead to bankruptcy. In that case, no action is required for this company because its non- 

quantitative factors are not dangerous and did not lead to failure. However, If the reason is 

classified as Majors factor that leads to bankruptcy and included in the table (72 ). In that case, 

this non-quantitative reason must be taken into account and calculated its value in predict 

model. 

 
To calculate the weighted value of primary non-quantitative reason and enter it into predict 

model, we use the following formula: 

 
QFWV=IF (S=1, CP-MCV) *1.1 

where: 

QFWV: Qualitative Factor Weighted value 

S: Actual status of the company, S=1 for Healthy company or S=0 for failed company. 

CP: Center-Point value calculated by the model 

MCV: Calculate Value by model for this company using quantitative factors only. 

1.1: Constant amount. 

 
after calculating the Qualitative Factor Weighted value for the companies that have a major 

non-quantitative factor, we rerun the model, it will generate the following result: 
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Table 66: Result of Meslemani Model predict after Merging Qty & Qualitative Methods 
 

  Failed Non- 
failed Total 

Original     
Count  26 26 52 

Percentage  50% 50% 100% 
Cross-validated 

Count Faild 29 8 37 
Non-failed 0 23 23 

Percentage 
Faild 78% 22% 100% 
Non-failed 0% 100% 100% 

 
 

As we can see, merging quantitative factors with non-quantitative factors in the 

same model increased the prediction ability to 89% (the average of 78% and 

100% , after it was 72% using quantitative only). 

 
Now let us do sensitivity analyses for the model after merging the quantitative 

factors with non-quantitative factors in the same model: 

 
Figure 67: Sensitivity Analysis after merging Quantitative & Non-quantitative factors 

 

 
 

In a conclusion: the sensitivity analysis result is shown in the above figure. The Merging 

of the quantitative methods with non-quantitative methods in the same model increases 

the ability to predict bankruptcy from 72% to 89%. 
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Figure 68: Meslemani-2022 Model 
 

Meslemani-2022 Model t o pr edi ct f i nanci al  bankr upt cy of Compani es  
I nput s M=0.8643 +0.0347X1+1.3492X2-0.0013X3-0.3372 X4+0.1530 X5-0.0519 X6-0.5649X7+0.1800 X8+NQF 

Descreption value Variable Independent Variables Variable Value Factore Weighted Values 
Current Assets 308  Quantitative Factors: 
Currunt Liability 126 X1 Current Assets/ Current Liability 2.4500 0.0131 0.0321 
EBIT 16 X2 EBIT/Total assets 0.0193 1.8371 0.0354 
Net Sales 931 X3 Net Sales/Total assets 1.1519 0.0182 0.0210 
Profit After Tax - 328 X4 Profit After Tax/Total Assets -0.4057 0.0372 -0.0151 
Profit before Tax - 333 X5 Profit before tax/current liabilities -2.6509 0.1218 -0.3229 
Retained Earnings 82 X6 Retained Earnings/Total assets 0.1014 -0.034 -0.0034 
Total Assets 809 X7 Total Liability/Total Assets 1.0908 -0.2465 -0.2689 
Total Liability 882 X8 Working capital/Total assets 0.2253 0.2289 0.0516 
Please fill the inputs value here  Constant  0.5653 

   Non-Quantitatvie Factors(NQF)  0.0020 

  If M value :  0.0971 
If M Model value is More 0.5167… The company is Healthy >0.5167  

If M Model value is less 0.5167…The company will went to Banckruptcy <0.5167  

Final Result Banckrupt 

 
 
 

5. The Results of this study 
 
 

This section will present the main results that concluded by this study 
 

 
The study achieves many important and significant results, which could be summarized as follows: 

 
1) The Principal Components Analyzing shows a high positive correlation score between most of the 

components, which makes PCA use reasonable. In addition, the result of the PCA test gave us an 

indicator of which variables have a better ability to predict than others. The Eigenvalues test shows 

that most components have a high ability to describe the variance of the factors within the study 

sample. The overall result of the Kaiser-Meyer-Olkin Measure (KMO Test) indicates that the data is 

reasonably suited for these analyses. The problem of heteroscedasticity disappeared after correcting 

the heteroscedasticity test in STATA. The multicollinearity test or Variance Inflation Factor (VIF) test 

results for all variables indicate moderately and reasonably correlated. The negative value of Skewness 

means that distribution is negatively Skewness, and the standard deviation did not overestimate risk. 

 
Table 69: Summary of All Bankruptcy Models Average Predicting Accuracy % 

 

 Meslemani 
Model 
(Qty) 

Meslemani C 
Model 

(Qty+Non.Qty) 

ash-Flow 
Model 

Altman 
Model 

Zijewski 
Model 

Springate 
Model 

Grover Average 
Model All Models 

Number of Companies 120 120 100 30 58 58 58  

t-1 72% 89% 81.8% 100% 62% 86% 76% 81% 
t.2    97% 59% 83% 66% 76% 
t-3    90% 57% 81% 66% 74% 
Average Accuracy % 72% 89% 81.8% 96% 59% 83% 69% 79% 
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2) This study succeeded, after analyzing previous prediction models and doing a lot of empirical studies, 

in establishing and designing a comprehensive model (Meslemani-2022 Model) for predicting 

bankruptcy that unifies all previous bankruptcy prediction models together. The results of the tests that 

were carried out on this comprehensive model showed that it has a high ability to predict bankruptcy, 

amounting to 72%, and it can be used for forecasting with high efficiency in all markets, all economic 

activities, and all types of public and private companies. In addition, to predicting using quantitative 

factors, this study successfully merged the quantitative factors of bankruptcy with non-quantitative 

factors in the Meslemani-2022 model. This merging enhanced the predicting level of the model and 

enabled it to achieve a higher prediction level (after the merging, the prediction level had increased to 

89% after it was 72% before merging). 
 

3) This study succeeded in achieving very positive results in testing previous bankruptcy prediction 

models and proving that although they are old models, they are still effective in predicting until now, 

albeit to varying degrees, and succeeded in creating an early warning signal that warns of bankruptcy 

three years before it occurs. 

 
4) This study proved the validity of the first hypothesis by conducting the multi discriminant analysis on 

a sample consisting of 100 companies and using seven cash flow variables. The cash flow ratios 

succeeded in predicting the bankruptcy of 81.8 % of cases tested. 

 
5) This study succeeded in proving the validity of the second hypothesis by conducting the multi 

discriminant analysis on a sample consisting of 30 companies and using Altman's model with five 

variables. During the period (t-1), one year before bankruptcy. The Altman Z-Score model correctly 

re-classified 30 out of 30 cases (100%), indicating discriminating solid power with high ability 

potentiality for bankruptcy prediction. During the period (t-2) two years before the bankruptcy. The 

Altman Z-Score model correctly re-classified 29 out of 30 cases (97%), indicating discriminating solid 

power with high ability potentiality for bankruptcy prediction. During the period (t-3) three years 

before the bankruptcy. The Altman Z-Score model correctly re-classified 27 out of 30 cases (90%), 

indicating discriminating solid power with high ability potentiality for bankruptcy prediction. When 

dealing with a potential bankruptcy in the short-run (t–1) and medium run (t–2). the Profitability 

factor, specifically the Basic Earning power ratio (EBIT / Total Assets), is the most critical variable in 

the bankruptcy prediction model for the one year or two years before actual bankruptcy happened. 

While, when dealing with a potential bankruptcy in the long run (t–3), the Profitability factor, 

specifically the Internal growth rate ratio (Retained earnings / Total Assets), is the most critical 

variable in the bankruptcy prediction model for the three years before actual bankruptcy happened. 

When these two ratios are combined, the Altman Model could successfully predict bankruptcy in 
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100% of cases for t–1, 97% for t–2, and 90% for t–3. overall prediction level for three years was 96%. 
 
 

6) By using the Zmijewski model which consist of three variables. During the period (t-1) one year 

before bankruptcy. The Zmijewski model correctly re-classified 36 out of 58 cases (62%), indicating 

above-average discriminating power with the medium ability of potentiality for bankruptcy prediction. 

During the period (t-2) two years before the bankruptcy. The Zmijewski model correctly re-classified 

34 out of 58 cases (59%), indicating above-average discriminating power with the medium ability of 

potentiality for bankruptcy prediction. During the period (t-3) three years before the bankruptcy. the 

Zmijewski model correctly re-classified 33 out of 58 cases (57%), indicating above-average 

discriminating power with the medium ability of potentiality for bankruptcy prediction. When the 

Zmijewski model applies In the short run, the Leverage factor, specifically the Debt ratio (Total Debt / 

Total Assets), is the most critical variable in the bankruptcy prediction model for the one year before 

actual bankruptcy happened. While In the medium run and long run, the Performance factor, 

specifically the After-Tax Return on Assets ratio (Earning After Tax / Total Assets), is the most 

critical variable in the bankruptcy prediction model for two and three years before actual bankruptcy 

happened. 

 
7) By using the Springate model which consists of four variables. During the period (t-1) one year 

before bankruptcy. The Springate Model correctly re-classified 50 out of 58 cases (86%), indicating 

discriminating solid power with high ability potentiality for bankruptcy prediction. During the period 

(t-2) two years before the bankruptcy. The Springate Model correctly re-classified 48 out of 58 cases 

(83%), indicating discriminating solid power with high ability potentiality for bankruptcy prediction. 

During the period (t-3) three years before the bankruptcy. The Springate Model correctly re-classified 

47 out of 58 cases (81%), indicating discriminating solid power with high ability potentiality for 

bankruptcy prediction. When the Springate model applies In the short run, the Efficiency factor, 

specifically the Asset Turnover ratio (Total Sales / Total Assets), is the most critical variable in the 

bankruptcy prediction model. While In the Medium run and Long run, the Profitability factor, 

specifically the Basic Earning power ratio (EBIT / Total Assets), is the most critical variable in the 

bankruptcy prediction model. 

 
8) By using the Grover Model, with consists of three variables. During the period (t-1) three years 

before the bankruptcy. The Springate Model correctly re-classified 44 out of 58 cases (76%), 

indicating discriminating solid power with high ability potentiality for bankruptcy prediction. During 

the period (t-2) three years before the bankruptcy. The Springate Model correctly re-classified 38 out 

of 58 cases (66%), indicating discriminating solid power with high ability potentiality for bankruptcy 

prediction. During the period (t-3) three years before the bankruptcy. The Springate Model correctly 
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re-classified 38 out of 58 cases (66%), indicating medium discriminating power with medium ability 

potentiality for bankruptcy prediction. When the Grover model applies in the short run and medium 

run, the Profitability factor, specifically the Basic Earning power ratio (EBIT / Total Assets), is the 

most critical variable in the bankruptcy prediction model for one year two years before actual 

bankruptcy happened. While in the Long run, the Performance factor, specifically the After-Tax 

Return on Assets ratio (Earning After Tax / Total Assets), is the most critical variable in the 

bankruptcy prediction model for the three years before actual bankruptcy happened. 

 
9) The Corporate relative evaluation Methods and how they can be used in predicting corporate 

bankruptcy has been clarified by introducing two of the most important methods of business relative 

valuation. After identifying the two methods, the mechanism of their work was explained through two 

examples, and it was concluded that if the company’s share price is evaluated above its fair value, or if 

the company itself is more than its fair value, this is considered an indication that the company’s 

financial position is unhealthy and may mean that the company will turn towards bankruptcy. 

 
10) The method of sensitivity analyzes using Tornado diagram and how it can be used in predicting 

corporate bankruptcy has been clarified by providing a graphic example for Telia's financial ratios. 

This strategic information is used to avoid early bankruptcy after identifying where improvements are 

needed in the companies' financial structure and provides an appropriate basis that allows decision 

makers, after understanding the interrelationship between financial indicators, to make appropriate 

investment decisions. 

 
11) The method of the credit health panel and how it can be used in predicting corporate bankruptcy is 

illustrated by providing two examples of two companies, the first example of a sound company and the 

second example of a bankrupt company. As in sensitivity analysis, this method has been trusted by 

financial analysts, business owners, and investors because it provides a visual view of the most 

important variables Independent and affiliated finance. It provides the information required by 

corporate decision-makers. This strategic information can be used to avoid early bankruptcy after 

identifying where improvements are needed in the companies' financial structure and providing the 

appropriate basis for allowing decision-makers to make appropriate investment decisions. 
 

12) This study succeed for the first time in merging the quantitative factors of bankruptcy with 

non-quantitative factors in the Meslemani-2022 model, this merging enhanced the predicting level 

of the model and enable it to achieve a higher prediction level ( after the merging, the prediction level 

had increased to 89% after it was 72% before merging ) 
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13) Using document analysis, this study also analyzes non-quantitative factors that may lead to corporate 

bankruptcy, as a complement to quantitative methods. Through the analysis, it can be found that there 

are certain signs in the operation and financial status of the enterprise before going bankrupt, thus we 

have established a non-quantitative red flags list. The establishment of the non-quantitative red flags 

list greatly overcomes the problem of the excessive cost of capturing non-quantitative factors from 

company annual reports and other materials and improves the efficiency of predicting corporate 

bankruptcy 

 
Based on above results, this study succeeds through its hypotheses in providing a sufficient answer to 

the main study question. 

 
 
 

6 The limitations that this study faced 
 

In this section, we will present the limitations and difficulties that are faced by this study 
 

 
 

During its preparation, this study encountered several limitations and obstacles that can be summarized 

as follows: 

1. Some previous bankruptcy models are old, for example, since 1968, so the related 

references are also old and sometimes challenging to find. Although the author tried to use 

recent references, sources, and articles as much as possible, he sometimes found himself 

having to rely on Some old references because they are considered essential sources in 

predicting bankruptcy. 

2. Each model has unique and different conditions for running in the sample. That imposes the 

use of multiple samples in the study instead of a single sample. 

3. Uncomplete data of some companies three years before the date of bankruptcy of some 

companies led to the exclusion of some companies from the study sample. 

4. The special conditions to use some statistical tests had set limitations in front of this study. 

In addition, the limitation of time makes it difficult to restrict multi samples. 

5. Documents such as company annual reports may be inaccurate and subjective and cannot 

fully document or reflect the actual situation of a company objectively. 

6. In the document study of this paper, the three representative companies selected also have 

the subjectivity of the authors, and the non-quantitative factors derived are prone to 
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generalization because the non-quantitative causes of corporate bankruptcy are the result of 

multiple factors combined, with different factors interacting with different companies, some 

of which are hidden and cannot be fully reflected in the annual reports and other materials. 

 
7 Recommendations of this Study 

 

In this section, we will present the recommendations and advises that companies must 
adhere to avoid bankruptcy 

 

In order to avoid bankruptcy, companies must adhere to the following recommendations 
 

1. The first recommendation from this study to business owners to adopt the comprehensive 

(Meslemani-2022 model) after it has proven its success in predicting bankruptcy with a high 

degree of efficiency in all business sectors and for all types of companies. 

a. Companies must increase their ability to pay off short-term obligations because the 

probability of a company's bankruptcy increases as the value of its operating cash flow 

ratio divided by its current liabilities decreases. 

2. Companies must increase their ability to cover interest obligations on debt. The higher the ratio 

of operating cash flows, interest, and taxes divided by the value of interest, the less likely the 

company will default on interest. 

3. Companies should increase their ability to monetize their sales by increasing the operating cash 

flow margin ratio. 

4. Companies should increase their cash-generating capacity for all assets, i.e., assets provided by 

both creditors and shareholders of the company, by increasing the ratio of operating cash flow 

return to total assets. 

5. Companies should raise their liquidity ratio because the low value indicates that the company is 

under pressure. 

6. Businesses should raise their Sales by a three-year compound annual growth rate because a 

decline in the average value of Sales at a three-year compound annual growth rate is an 

indicator of bankruptcy. 
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7. Companies should increase their Profitability factor. Specifically, the Basic Earning power 

ratio because as the ratio of (The value of Earning before interest and tax divided by total 

assets) decreases, the probability of a company's bankruptcy increases. 

8. Companies should increase their Profitability factor. Specifically, the Internal growth rate ratio, 

because as the ratio of Retained earnings divided by total Assets decreases, the probability of a 

company's bankruptcy increases. 

9. Companies should increase the ratio of working capital to total assets Because the decrease in 

the value of the networking capital is evidence of the lack of liquidity in the company, which 

means the company is unable to pay its obligations, which may lead to bankruptcy. 

10. Business Owners should take attention to the level of retained earnings. Some companies do 

not distribute profits to shareholders because of a lack of liquidity or because they have an 

accumulated deficit, which leads to bankruptcy. 

11. Companies should increase the ratio of the market value of shareholders' equity. The 

importance of this element is because it measures the relationship between shareholders' equity 

and the company's debts, so if the ratio is low, this is evidence that the value of the company's 

debts is greater than the value of its assets. Therefore the company will not be able to pay its 

obligations, which is one of the reasons leading to bankruptcy. 

12. Business Owners should pay attention to the ratio of sales to assets. Because the decrease in 

this percentage indicates that the company management's inefficiency in investing its assets to 

achieve high sales, which is an important reason leading to bankruptcy. 

13. Business owners should pay attention to the Return on total assets ratio, which measures how 

well a company's investments generate value. When the Return on total assets ratio is low, it 

indicates that the company is not good at generating profit from its investments compared to 

other companies in the same industry, which leads to bankruptcy. 

14. Business owners should pay attention to the Debt ratio. This ratio measures the proportion of a 

company's assets financed by debt. When the debt ratio value is greater than 1, that means 

assets fund a considerable portion of a company's debt. That means that this company has 

liabilities value more than its asset value which is one of the reasons leading to bankruptcy in 

case suddenly increased of the interest rates. (Investopedia,2021) 

15. Business owners should pay attention to the liquidity ratio. It measures the ability of the 

company to pay its debt, which is due to a date of less than one year. The value of this ratio 

could indicate bankruptcy if the company liquidity ratio is lower than the industry average. 

Also, a very high liquidity ratio could indicate that management is not using its assets 

efficiently. 

16. Business owners should pay attention to the Rate of Return on investment because the low rate 

of Return on investment is one of the reasons leading to bankruptcy, given that the goal of all 
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companies is to achieve a high rate of Return on investment to ensure the continuity of the company's 

business. 

17. Business valuation methods are useful because it detects whether the company's stock price is 

higher than its fair value. Similarly, a sensitivity analysis test is useful because it analyses the 

strength of links between the company's financial indicators and reveals areas that need 

improvement within its financial structure to avoid bankruptcy. 

18. Companies should realize the importance of risk management from a strategic perspective and 

improve the risk management model from a dynamic point of view so that potential risks can 

be detected promptly. Besides, enterprises should choose a proper operation and management 

model. Conducting environmental analysis using Porter's Five Forces and other methods, 

making strategic decisions based on environmental analysis, corporate vision, and mission, 

determining strategic goals, and using the strategic goals as a guide to determine the 

appropriate operation and management mode for the enterprise. The risk management system 

also needs to be improved. Enterprises should recognize the importance of risk management 

from a strategic perspective and implement a comprehensive three-dimensional evaluation, 

that is, to weigh the balance between growth, profit, and risk (Martin,2021). Finally, 

businesses must improve their risk early warning system in order to make crisis management 

the standard. Enterprises should enhance early warning theory, choose early warning 

instruments, recruit and develop risk early warning management expertise, improve the early 

warning system, and make crisis management the norm. (Lukason& Laitinen,2016). 

19. Enterprises should promote innovative ideas and enhance the competitiveness of enterprises. 

And innovative ideas mean not only attention to product innovation, but also management 

innovation, increased investment in scientific research funds, the introduction of talent, and 

continuous development of new products and high-quality services, in order to attract more 

consumer groups and enhance the company's market share. Companies also should shift 

development attention to structural improvement, strengthen market development strategy, 

keep pace with the trend of market changes, and carefully plan a strategic plan in line with their 

development. 

 
 

8.  Suggestions for subsequent relevant studies 
 

After the success of this study in building a comprehensive model used to predict bankruptcy 

in all business sectors and markets and for all types of public or private companies, this 

comprehensive model proved to have a high predictive ability in 72% of the companies that It 

has been tested. The predicted level increased to 89% after the model's success in merging 

quantitative methods and non-quantitative methods in one model. 
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Due to the importance of the subject of bankruptcy prediction, and its continuous need for 

more research and studies, Our suggestion to researchers to conduct more future studies on 

the subject of bankruptcy prediction is to do more studies about the merging of quantitative 

methods and non-quantitative methods in one product model in order to enhance the ability of 

the model from 89% to 100% of tested companies. 

 
9. The Conclusion 

 
The cases of corporate bankruptcies worldwide are increasing and becoming more and more 

complex. Moreover, the demand for an effective model for predicting bankruptcy before it 

occurs is increasing simultaneously. 

 
The author argues that this study is not intended to test previous bankruptcy prediction models, 

but to demonstrate that previous bankruptcy prediction models are still effective in predicting 

bankruptcy to date. 

 
This study succeeded in demonstrating that previous bankruptcy prediction models are still 

effective in predicting bankruptcy to this day, albeit to varying degrees. The big gap in the 

previous models is that each model has special conditions regarding the type of firms it can 

predict, the type of industries, and the legal form of these firms. These special conditions make 

the effectiveness of these models limited. They work within the small corporate standard 

samples. The author considers this gap to be a loophole that must resolve. 

 
The author considers the main contribution of this study to be that it successfully bridged the 

gap in previous models by designing a new bankruptcy prediction model, a comprehensive 

model capable of uniting all previous models together. In addition, this comprehensive model 

can predict the bankruptcy of industrial and non-industrial firms, public and private. 

Experimental studies applied to this new model have proven great effectiveness in predicting 

bankruptcy, reaching 72% by using quantitative factors after applying it to 120 industrial and 

non-manufacturing companies, American and non-American, public and private. This model 

has successfully merged the quantitative and non-quantitative factors in the same model. This 

merging increased his prediction ability from 72% to 89%. This result was tested using 

sensitivity analyses, and the result proved that the given result generated by the model is the 

best.  

The author also argues that another significant contribution of this study is to successfully 
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test the effectiveness of all quantitative models for forecasting in a single study and highlight 

the importance of other non-quantitative methods. These methods include business assessment, 

sensitivity analysis, credit health panel, and analysis of non-quantitative factors that may lead 

to bankruptcy. Explaining the role of these methods in predicting bankruptcy is a new 

contribution to this study that was not present in previous studies. 

 
Thus, by its significant contributions and success in substantiating the validity of the study 

hypotheses, this study reasonably and adequately answered the main study question. 
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A.2  Terms Definitions 
 

During this study, The following terms will use , following will explain the definitions of this 

terms to enable the reader of this study to understand it smoothly: 

 
Type I Error: this is an error that arises because the prediction tool indicates that the 

company is not bankrupt, but the company is bankrupt. This causes high costs because it is 

predicted that it will not go bankrupt so that investors will invest, and in fact, the company 

will go bankrupt, and investors will lose some asset value (Prihadi, 2010), this term will be 

used in testing all models using quantitative methods. 
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Type II Error: is an error that happens when investors predict a bankrupt company and then 

there is no investment. It turns out that the company is not bankrupt. In this case, the investor 

misses the opportunity to make a profit. Finally, Type II Error is lower cost than Type I 

Error" (Prihadi, 2010), this term will be used in testing all models using quantitative 

methods. 

 
Multiple Discriminant Analysis (MDA): is a statistical technique commonly used by 

financial analysts, financial planners, and investment advisors to predict the companies' 

bankruptcy or evaluate potential investments when multi variables have been used. The 

Multiple Discriminant Analysis is practical to classify different data sets by setting a rule or 

selecting a value that will provide the most meaningful separation. (Investopedia,2021) 

 
Variance Inflation Factor (VIF): A statistical concept indicates the increase in the variance 

of a regression coefficient because of collinearity. (CFI) 

The results of this test could be explained as follows: 

If VIF = One, no multicollinearity 

If VIF is more than one and less than Five = moderately correlated. This means we can 

distinguish between the personal effects of the independent variables on a dependent variable. 

If VIF is more than Five: the high correlation is cause for concern. The high value of VIF 

(more than 5) could be a problem since it means we would not be able to distinguish between 

the personal effects of the independent variables on the dependent variable, this term will be 

used in testing all models using quantitative methods. 

 
Kaiser-Meyer-Olkin measure (KMO Test): is "a measure measures how well the data is 

suited for these types of analyses. The input variables and the model are assigned a value 

between 0 and 1 as follows: 

0.00 to 0.49 unacceptable.0.50 to 0.59 miserable.0.60 to 0.69 mediocre.0.70 to 0.79 middling. 

0.80 to 0.89 meritorious.0.90 to 1.00 marvelous (Glen, 2016), this term will be used in 

testing all models using quantitative methods. 
 

The multicollinearity test is necessary to measure the correlations between two or more 

independent variables in a regression model. A high level of Multicollinearity is not preferred 

because it indicates a problem in a regression model. After all, a high level of 

Multicollinearity will not allow the researcher to distinguish between the personal effects of 

the independent variables on the dependent variable. this term will be used in testing all 
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models using quantitative methods. 

 
Principal component analysis (PCA) is a technique used to reduce the dimensionality of a 

data set consisting of many highly correlated explanatory variables (Brooks, 2014).This term 

will be use in statistical descriptive before starting analyses using quantitative methods. 

 
Corporate failure: is an economic term that happens due to financial failure in most cases, 

which occurs when the company becomes in a position where it cannot pay all or some of its 

financial obligations. this term will be used almost different sections in this study. 

 
Bankruptcy prediction: Bankruptcy prediction predicts whether or not a company will fall 

into financial distress in the future based on the current financial data (Sun, Jie 2014), this 

term will be used almost different sections in this study. 

 
A public company: is "a company that has a public ownership and distributed among the 

shareholders ." (Edward I, Majorzata, Erki, Artau 2017), this term will be used to analyze 

Altman model section in this study. 

 
According to USA law, bankruptcy under Chapter 7 is one of the Bankruptcy types. Under 

Chapter 7, the owner or group of owners surrender their property to a legal guardian who 

sells the bankrupt person's property to pay his debts. The bankrupt cannot sell his property 

himself; the legal guardian cannot sell all the property belonging to the bankrupt but can sell 

only the unprotected property. The process of selling and paying the obligations to creditors 

takes six months. At the end of the liquidation process, all the obligations registered on the 

bankrupt person shall be written off after he has paid the proceeds from the sale of his 

property to the creditors. This term used in the Selection of Study Sample section. 

 
According to USA law, bankruptcy under Chapter 9 is one of the Bankruptcy types. This 

type of bankruptcy allows municipalities and taxing districts to restructure their financial 

obligations. Bankruptcy procedures under Chapter 9 allow the bankruptcy applicant to 

propose a payment plan to deal with its obligations. This term used in the Selection of Study 

Sample section. 

 
According to USA law, bankruptcy under Chapter 11 is one of the most common 

Bankruptcy types. And is the most expensive and complex form of a bankruptcy proceeding. 
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The procedures for this type of bankruptcy are long. Therefore, usually trading courts help 

companies set their own plan to restructure their debts and obligations. The bankrupt 

company can not make critical decisions without court approval such as selling some of its 

capital assets or taking new loans. Bankruptcy under Chapter 11 has many advantages 

compared to other types of bankruptcy. It protects the financially troubled company from the 

legal claims of creditors during the period it takes to study the bankruptcy application, which 

allows the troubled company to negotiate with creditors and arrange its troubled assets and 

operations. In most cases, the two parties reach an agreement for the re-settlement of 

creditors' debts on the one hand and to ensure that the troubled company continues to carry on 

its commercial activity without interruption on the other hand. This term used in the 

Selection of Study Sample section. 

 
According to USA law, bankruptcy under Chapter 13 is one of the Bankruptcy types. This 

type of bankruptcy is used in bankruptcy cases of individual small businesses owned by one 

person. When the owner of a small business file Bankruptcy under Chapter 13, he protects his 

personal property from liquidation; because Chapter 13 of the Bankruptcy Act protects the 

personal property of a bankrupt from being included in the liquidation and sale to pay the 

debts of creditors, Chapter 13 works to establish a plan to pay the bankrupt person's debts 

commensurate with the size of Debt and ability to repay. This term used in the Selection of 

Study Sample section. 

 
According to USA law, bankruptcy under Chapter 15 is one of the Bankruptcy types. 

Bankruptcy under Chapter 15 deals with bankruptcy applications filed in non-US courts by 

individuals or companies who have assets or liabilities within the boundaries of US territory. 

Bankruptcy under Chapter 15 is considered an affecting way of cooperation between US and 

non-US courts to resolve disputes between them due to adjudicating their joint bankruptcy 

applications. This term used in the Selection of Study Sample section. 

 
Skewness: is a measure of asymmetry called skew uses the ratio of the average cubed 

deviations from the average, called the third moment, to the cubed standard deviation to 

measure asymmetry or “skewness” of a distribution (Bodie, Kane, Marcus).This term used in 

all models analyzing using quantitative methods. 

 
kurtosis: is a deviation from normality, concerns the likelihood of extreme values on either 

side of the mean at the expense of a smaller likelihood of moderate deviations. (Bodie, 



90  

Kane,Marcus). This term used in all models analyzing using quantitative methods. 

 
Altman Z Score Model: is one of the most important tools to predict the likelihood that a 

company will go bankrupt within the next three years. The strength of this measurement is 

that it depends on multi factors such as sales activity, liquidity, profitability, leverage, 

solvency. (Z score definition) 

 
Altman Model formula is: 

Z = 1.2X1 + 1.4X2 + 3.3X3 + 0.6X4 + 0.999X5 

Where: 

X1 = Working Capital / Total Asset 
X2 = Retained Earning / Total Asset 
X3 = Earnings Before Interest and Tax / Asset Value 
X4 = Equity Market Value / Total Liability Book Value 
X5 = Total Sales / Total Asset 
(Accounting Tools Z score definition) 

 
The coefficients mentioned before the variables in the model formula indicate the relative 

importance of each variable and the degree of its impact on the final value of the model. The 

values of these transactions were reached based on empirical studies that proved that they are 

the best values that can be used to predict bankruptcy. 

 
The result of the Z score could understand as follows: 

• If Z-Score > 2.99, the company is considered safe from bankruptcy. 

• If Z-Score <1.81, the company is at risk of bankruptcy. 

• If 1.81 <Z-Score <2.99, the company is in the gray area, but the possibility of 
bankruptcy depends on the discretion of the management company’s decision as 

decision- makers. (Accounting Tools Z score definition) 

 
Zmijewski Model is an empirical test conducted on a financial distress model that requires a 

sample of companies that experience financial pressure and companies that do not. (Andi 

Silvana 2020), Zmijewski Model formula is: 

Z = -4.3 - 4.5 X1 + 5.7X2 – 0.004X3 

Where: 

X1= (Profit After Tax / Total Assets) 
X2= (Total Debt / Total Assets) 
X3= (Current Assets / Debt Current) 
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The coefficients mentioned before the variables in the model formula indicate the relative 

importance of each variable and the degree of its impact on the final value of the model. The 

values of these transactions were reached based on empirical studies that proved that they are 

the best values that can be used to predict bankruptcy. The cut-off used in this model is 0 

(zero). Wherein if the result of the X-score is positive, then the company is said to be 

unhealthy. Meanwhile, if the result of the X-score is negative, then the company is said to be 

healthy. (Andi Silvana 2020). 

 
Springate Model is a test that use the ratio of multiple discriminant analysis (MDA), and it 

include four financial ratios related to the bankruptcy of the company to determine the 

possibility of bankruptcy. Springate Model developed by Gorgon LV Springate who choose 4 

ratios out of 19 financial ratios that were popular in the literature. (Sinarti, Sembiring 2015), 

Springate model formula are: 

Z=1.03 S1 + 3.07 S2 + 0.66 S3 + 0.4 S4 

Where: 

S1 = Working Capital / Total Asset 
S2 = EBIT / Total Asset 
S3 = Profit Before Tax / Current Liability 
S4 = Sales /Total Asset 

 
The coefficients mentioned before the variables in the model formula indicate the relative 

importance of each variable and the degree of its impact on the final value of the model. The 

values of these transactions were reached based on empirical studies that proved that they are 

the best values that can be used to predict bankruptcy. “This model has a standard calculation 

in which the company has a value S>0.862 classified as a healthy company, while 

companieswith a value of S<0.862 are classified as potential company bankrupt” (F. Colline. 

2020) 

 
 

Grover Model: is a method used to predict bankruptcy. Founded by Jeffrey S. Grover by 

developing the Altman Z-Score method. The sample used was 70 companies with 35 

companies that went bankrupt and 35 companies that did not go bankrupt (Fredy, 2018).The 

Grover model formula according to (Aminian, 2016) is: 

G =1,650 X1 + 3,404 X2 - 0,016 ROA + 0,057 

Where: 
X1 = Working capital / Total assets 
X2 = Total assets / Earnings before interest and taxes 
X3 = Net income / Total assets 
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The coefficients mentioned before the variables in the model formula indicate the relative 

importance of each variable and the degree of its impact on the final value of the model. The 

values of these transactions were reached based on empirical studies that proved that they are 

the best values that can be used to predict bankruptcy. 

 
The classification of healthy and bankrupt companies is: 

a. If G ≤ -0.02, the company is a category of financial distress/bankruptcy, 
b. If G ≥ 0.01 the company is included in the healthy category. 

 
 

P/E Ratio: "The price-to-earnings ratio "is one of the most widely used and misused of all 

Relative Valuation tools for companies for determining the stock valuation. In addition to 

showing whether a company's stock price is overvalued or undervalued". 

The formula for this Ratio is: 

P/E Ratio= Market value per share / Earnings per Share 
 
 

A high P/E ratio could mean that a company's stock is overvalued, and the investors are 

overvaluing the company more than its fair value, which could be considered an indicator 

that the company's financial status is not healthy. Alternatively, investors expect higher 

growth rates than the average industry growth rate in the future. (Damodaran, A, 2012, 

pp468-469).This term used in  

 
PEG Ratio: Price/Earnings to Growth Ratio is one of the business evaluation methods used 

to determine the company stock's value by taking into consideration the company's expected 

earnings growth. This Ratio provides a clearer picture than the more standard P/E Ratio by 

adding expected earnings growth into the calculation. The formula for PEG Ratio is: 

PEG Ratio = (P/E) / Earning growth rate over five years 
 
 

If the PEG ratio value is higher than 1 indicates that the stock is overvalued, which means an 

unhealthy company that could lead to bankruptcy. If the PEG ratio value is lower than 1 

indicates that the stock is undervalued. (Damodaran, A,2012. pp 487-497). 

 
Sensitivity analysis: could define as a financial model that measures the strength of the 

correlation between the ratios and the fundamental financial indicators of the company and 

examines the extent to which these indicators are affected as a result of a possible change in 
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one of them. Therefore, it is considered one of the methods for predicting the future financial 

position of the company and a means to help decision-makers take early measures to avoid 

bankruptcy. 

Sensitivity could measure by two methods: using the Tornado diagram method or the what-if 

analysis which is known as the simulation method.This term used in Sensitivity Analysis 

Using Tornado Diagram section.This term used in Business evaluating methods section. 

 

 
Credit Health Panel (CHP): is a “credit risk assessment tool, developed by S&P Capital IQ. 

This tool provides a quick, simple, and transparent way to analyze the credit quality of a 

company as compared toa broad set of its competitors" (S&P Capital IQ). 

 
The credit health panel is designed as a financial matrix, consisting of multi-independent 

financial variables, the value of each variable is measured quantitatively for the studied 

company and the value is compared with the average value of competitors for the same 

industry. and because of the measurement and comparison, a score is given to each variable1: 

Top score, 2: above average score,3: below average score, 4: bottom score. Then these 24 

independent variable scores are classified into 3 main groups: operating, solvency and 

liquidity. Finally, the company's final overall credit score is classified based on the score of 

these 3 main groups. This term used in Credit Health Panel (CHP) section. 

 
(Operating Cash Flow/Current Liability): This ratio measured the company operating 

cash flow divided by its current liabilities. This ratio is important because the probability 

of the company going bankrupt increases as the value of this ratio decreases. Previous 

studies recommended using this ratio to measure the company's ability to pay short-term 

liabilities (Dennis 1994) and (Figlewicz and Zeller 1991). This term used in analyzing using 
Cash Flow ratios section. 

 
 

(Operating Cash Flow+ Interest +Tax/Interest): This ratio measures a firm's ability to 

cover interest obligations on a debt. This ratio is important because as the value of this 

ratio increases, the probability of the company defaulting on interest payment becomes 

less. Previous studies recommend using this ratio to predict companies' bankruptcy, such 

as White et al (1998) and Fraser and Ormiston (2001). This term used in analyzing 

using Cash Flow ratios section. 
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(Operating Cash Flow /Total Sales): This ratio had called operating cash flow margin. 

This ratio is important because it measures its ability to transfer its sales into cash. 

According to previous studies, this ratio is more valuable than the accrual accounting- 

based profit margin ratio (Dennis 1994) and (Figlewicz and Zeller 1991). This term 

used in analyzing using Cash Flow ratios section. 

 
(Operating Cash Flow /Total Asset): This ratio is called operating cash flow return on 

total assets. This ratio is important because it measures the company's cash-generating 

ability of all the assets, i.e., assets provided by both creditors and stockholders of the 

company. Many previous studies recommended using this ratio, such as (Figlewicz and 

Zeller 1991) and (Fraser and Ormiston 2001). This term used in analyzing using Cash 

Flow ratios section. 

 
(Earnings Before Interest and Tax/ Operating Cash Flow): This ratio is called 

Quality of earning. According to White et al. (1998, p. 956)," the Quality of earnings 

usually refers to the degree of conservatism in a firm's reported earnings.". This 

term used in analyzing using Cash Flow ratios section. 

 
(Current Asset-Inventory)/Current Liability: This ratio is called a quick ratio. It is 

calculated by dividing the current assets' value after excluding inventories and divided 

by current liabilities. This ratio is important because it measures the liquidity of the 

company. The low value of this ratio indicates that the company is under distress. This 

term used in analyzing using Cash Flow ratios section. 

 
(Three-year sales growth rate): This ratio is essential for predicting bankruptcy 

because just as an increase in the value of sales is an indicator of a company's growth, a 

decline in the average sales value for three years can be an essential indicator for 

predicting bankruptcy. This term used in analyzing using Cash Flow ratios section.
 
 
 

End of the Study 
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