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ABSTRACT  
 This paper examines the applicability of the Altman, Shirata, Ohlson, Zmijewski, 
Springate, CA Score, Fulmer, and McKee Genetic Models in line with the prediction of 
financial crisis and bankruptcy. The analysis is carried on five steel manufacturing companies 
of Bangladesh listed in Dhaka Stock exchange for the period between January, 2014 and 
December, 2018.This study finds that financial soundness of the selected five firms is not 
sound enough and Altman, Shirata, Ohlson and CA Score models’ scores indicate that if the 
situation continues, it may get into a state of financial distress. It is also found that Altman, 
Shirata, Ohlson, Fulmer and CA Score models are able to demonstrate the actual status of 
solvency of selected companies and Fulmer model for bankruptcy predictability shows the 
highest degree of accuracy among the five models. 
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I. INTRODUCTION 
 

Prelude 
 One of the methods used to predict continuation of activities of companies is the 
prediction model of financial distress. The ability of predicting financial distress or 
bankruptcy of firms and enterprises is one way of helping investors and economic activists 
to make correct decisions and optimize resources and the more predictions become true, the 
more correct decisions will be made. In fact, bankruptcy prediction models are the 
combination of financial ratios which have been tested by experienced analysts for several 
years in different parts of the world and have been introduced to the world of science and 
knowledge. In this study, the bankruptcy risk of the companies acting in the steel 
manufacturing sector of Bangladesh is evaluated. For this purpose, this research studies the 
efficiency of the Altman, Shirata, Ohlson, Zmijewskly, Springate, CA Score, Fulmer, 
Farajzadeh Genetic, and McKee Genetic models in terms of providing accurate prediction 
results, compares the efficiency and prediction results of these models with each other, 
adjusts their coefficients, and determines the power of these models in predicting the 
bankruptcy of some selected steel manufacturing companies admitted to the stock exchange 
of Bangladesh. The results of F Test used to compare the accuracy average of the prediction 
ability of mentioned models indicate that at confidence level of 95%, the accuracy average of 
the prediction ability of the models is significantly different; it means that the accuracy of 
the concerned model results is higher than other models of research. 

II. OBJECTIVES OF THE STUDY 
 

 The main purpose of the study is to test the applicability and efficiency of the 
various bankruptcy prediction models proposed for predicting financial distress. The 
specific objectives in this regard are as follows: 

 To test the applicability of each model in providing actual prediction results. 
 To compare the efficiency and prediction results of models with each other. 

 
Rational of the Study: The bankruptcy in addition to the lack of success of firms is always 
the problematic and also notable issue. The bankruptcy is one of the factors that none of the 
stakeholders of companies do expect it but always are very concerned about it. It may either 
be declared by a small retailer that is unable to pay its rent and has to cease its activities, or it 
can happen in a large manufacturing company lacking enough liquidity and suffering from 
annual losses. Investors and credit institutes are greatly interested in predicting the 
bankruptcy of enterprises, as they may sustain considerable costs because of it. One of the 
important factors for making decisions on investment is to predict the sustainability of 
activities of economic enterprises in future fiscal years. This issue has attracted the attention 
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of many researchers during the last few years, and several models have been provided to 
predict bankruptcy. 

III. LITERATURE REVIEW 

 During the past few years, financial and accounting information, as well as financial 
ratios, have been used to generate bankruptcy prediction models based on different 
techniques, methods and methodologies. The development of bankruptcy prediction models 
was started by research of Beaver in 1966. In the following paragraphs, the research and 
techniques used for the development of bankruptcy models have been explained: 

 Altman (1968): Altman used financial data of the fiscal years before bankruptcy as 
independent variables in the Z-Score model. Bankrupt and non-bankrupt companies were 
chosen as dependent variables. This model was able to predict financial crisis with an 
accuracy rate of 95% in the year before such a crisis happened. In 1983, he modified this 
model, and provided the Z’ model. 

 Ohlson (1980): Ohlson used financial ratios and multi-dimensional logic analysis 
for the development of his model. The model consisted of nine variables, tested on a sample 
of 105 companies facing financial crisis and 2,058 companies free of any financial distress. 
The accuracy rate of prediction for the year before bankruptcy was equal to 85%. 

 Springate (1978): Like Altman, Springate used auditing analysis for selecting four 
financial ratios among nineteen ratios, which were the best ones for distinguishing bankrupt 
companies from non-bankrupt ones. He tested this model on forty companies, and the 
accuracy rate was 92.5%. These companies were manufacturing enterprises. 

 Zmijewsky (1984): Zmijewsky used profit analysis for a sample consisting of 40 
companies facing financial crisis and 80 companies free of any financial distress, and was 
able to predict with an accuracy rate of 78% one year before bankruptcy. 

 Fulmer (1984): To assess the application of forty financial ratios in a sample of 
sixty companies consisting of 30 bankrupt and 30 non-bankrupt companies, Fulmer used 
multivariate analysis. This model has been able to predict 96% of the bankrupt companies 
and 100% of the non-bankrupt ones. 
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 Farajzadeh Dehkordi (2007): This model was developed to predict bankruptcy of 
companies admitted to the stock exchange of Tehran using a genetic algorithm technique 
carried out on 72 bankrupt companies and 72 non-bankrupt ones. This model has been able 
to predict with an accuracy rate of 94%. 

 Despite the growing interest in developing more accurate prediction models, the 
issue of how these models should be evaluated and their results thoroughly validated has not 
been investigated sufficiently so far. Just to cite a few recent examples, Crook et al. (2007) 
review a selection of statistical models, mathematical programming and soft computing 
techniques for consumer credit risk assessment. Ravi Kumar and Ravi (2007) present an 
extensive analysis of statistical and intelligent methods applied to the prediction of corporate 
bankruptcy risk in the period 1968–2005. Verikas et al. (2010) focus their review on how to 
combine different soft computing techniques to derive hybrid and ensemble-based 
bankruptcy prediction models. 

 Abdou and Pointon (2011) present a literature review of works related to credit 
scoring applications in various areas, with the aim of investigating how this field has grown 
in importance over the last decades and also identifying the primary factors in the 
construction of a credit scoring model. Roil Pradhan (2011) revealed that the financial health 
of private sector banking firms through Z score Analysis. The analysis suggests that the 
model can forecast the financial position of the firm in case of loan value enhancement as 
well as the extension of the repayment period implying to be effective in the designing of 
policy measures related to credit viability that proves to be a vital tool to regulate the 
occurrence of credit defaults. 

 Lin et al. (2012) provide a statistical survey of machine learning papers published 
between 1995 and 2010 in the realm of credit scoring and bankruptcy prediction, summing 
up the data sets and comparing the performance of several methods with baseline classifiers. 

 Sadatrasoul et al. (2013) give a comprehensive review of studies where data mining 
techniques have been applied to credit scoring from 2000 to 2012. Selvaraj and Rajangam 
(2013) studied the overall performance of seshasayee paper boards Limited by applying ratio 
analysis, profitability was sound during the study period, the company’s market is growing, 
and it was earning an acceptable return on invested capital, and it has good future 
opportunities for growth. Bredart (2014) developed an econometric forecasting model, and 
he found that this model using three simple and a few correlated and easily available 
financial ratios as explanatory variables shows a prediction accuracy of more than 80%. 
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 Unfortunately, none of these surveys provides a deep insight into the process of 
experimentation and validation, even though it is widely accepted that the proper design of 
experiments constitutes a paramount factor to ensure a complete understanding and testing 
of the performance of the prediction models developed (Cohen 1995). At least four key 
components should be defined carefully in order to draw well-founded conclusions from the 
results: the experimental data, the data splitting methods, the performance evaluation 
metrics and the statistical tests of significance. Nevertheless, the configuration of these 
elements is often done in a blind manner within the experimental framework for the 
prediction of credit risk and bankruptcy. 

IV. METHODOLOGY 

 The data required for this research has been collected by noting, observation, and 
the study of audited financial statements, documents, and reports published by the stock 
exchange and databases. This research is an applied study based on analytical inference 
(inductive method), and ex-post facto method (analytical-descriptive research based on 
previous experiences). In this study, it has been tested the applicability of the Altman, 
Shirata, Ohlson, Zmijewski, Springate, CA Score, Fulmer, and McKee Genetic Models in 
line with the prediction of financial crisis and bankruptcy. To test the hypotheses, the 
method of regression analysis has been applied. In regression analysis, it is required to 
convert qualitative variables to quantitative ones. For this purpose, the dummy variable Z is 
used to convert qualitative variables to quantitative.  

Where: 

Z is equal to 0 if the company is bankrupt (cessation of activities) 
Or, 
Z is equal to 1 if the company is non-bankrupt (continuation of activities). 
 
 The dependent variables of activity continuation and cessation of activities, as well 
as independent variables of financial ratios of bankruptcy prediction models are as follows: 
 
  i) Altman Model:  Altman (1968) performed his research with the objective to find out 
which combinations of financial ratios predict bankruptcies best. In his sample he used 
thirty-three bankrupt manufacturing firms and thirty-three non-bankrupt manufacturing 
firms of which all publicly held and headquarter in the USA. Altman (1968) evaluated 
twenty-two variables. These variables / ratios are chosen on the basis of their popularity in 
the literature and potential relevancy to the study. The result was a model with five different 
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financial explanatory variables and a qualitative dependent variable (i.e. bankrupt within 1-2 
years or non-bankrupt). 

 Z=β0+β1A+β2B+β3C+β4D+β5E 

Where, 

A=  the ratio of working capital to total assets 
B=  the ratio of retained profit to total assets,  
C=  the ratio of profit before imposing interest and tax to total assets,  
D=  the ratio of equity market value to the book value of debts,  
E=  the ratio of sales to total assets. 

Measurement of Financial Health: Based upon Altman's formula, the firms were 
classified into three categories according to the company's sustainability. For instance, 

 Z < 1.80 → Distress Zone: If the firm is in the distress area then there is a strong 
probability of failures when the Z-score index of the company is below 1.8 . 

 Z > 2.99 → Safe Zone: When the Z-score index exceeds 2.99, it is considered that 
the enterprise is in the safe zone, with a low percentage of company failure. 

 1.8 < Z < 2.99 → Grey Zone: When the value of the Z-score index is greater than 
1.80 and less than 2.99, there is no strong evidence to specify the financial condition 
of the company; that is, the results cannot precisely ascertain whether the company is 
in the safe or distressed zone (Altman, 1968). 

ii)  Shirata Model:  According to Shirata model, the Z score is calculated as, 

Z=β0+β1A+β2B+β3C+β4D 

Where, 

A =  the ratio of retained profit to total assets,  
B =  the ratio of debts and equity of the current year to debts and equity of the previous 
year,  
C = the ratio of interest costs to the average sum of loans, debts, bonds, and discounted 
notes receivable   
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D =  the ratio of the average sum of accounts payable and notes payable multiplied by 12 
to the sales amount. 
 
Measurement of Financial Health: According to the model, a firm should be classified as 
bankrupt if the score is below -0.5 and should be classified as not bankrupt if the score is 
above -0.5. 
 

iii) Ohlson Model:  

 As similar to Altman (1968) some of the predictors (X1 until X6) were chosen 
because they appear to be the ones most frequently mentioned in the literature (Ohlson, 
1980). The result is four liquidity ratios (X3, X4, X7 and X8), two profitability ratios (X6 and 
X9) and two leverage ratios (X2 and X5). Ohlson’s O-score model to be extremely accurate in 
predicting bankruptcy correctly. 

According to Ohlson model, the Z score is calculated as, 

Z=β0+β1A+β2B+β3C+β4D+β5E+β6F+β7G+β8H+β9I  

Where, 

A =  Logarithm (total assets to the gross national production index to base ten);  
B =  the ratio of total debts to total assets;  
C = the ratio of working capital to total assets;  
D =  the ratio of current debts to current assets;  
E = 1 in case the total debt is greater than the total assets, otherwise zero; 
F =  the ratio of net profit to total assets; 
G = the ratio of cash earned from operations to the total debts; 
H = 1 in case the net profit of the past two years is negative, otherwise zero; 
I = the ratio of changes in net profit to the sum of the profit absolute value of each two 
years. 

Measurement of Financial Health: According to the model, a firm should be classified as 
bankrupt if the score is below 0 and should be classified as not bankrupt if the score is 
above 0. 
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iv)  Zmijewski Model:  The Z score is calculated as, 

Z=β0+β1A+β2B+β3C 

Where, 

A =  the ratio of net profit to total assets;  
B =  the ratio of total debts to total assets;   
C = the ration of the current assets to current debts. 
 
Measurement of Financial Health: According to the model, a firm should be classified as 
bankrupt if the score is below 0.5 and should be classified as not bankrupt if the score is 
above 0.5. 
 

v)  Springate Model: The Z score is calculated as, 

 Z=β0+β1A+β2B+β3C+β4D 

Where, 
A =  the ratio of working capital to total assets  
B =  the ratio of net profit before imposing interest and tax to total assets,   
C = the ratio of net profit before imposing tax to the current debts,    
D =  the ratio of sales to total assets. 
 
Measurement of Financial Health: According to the model, a firm should be classified as 
bankrupt if the score is below 0.862 and should be classified as not bankrupt if the score is 
above 0.862. 
 

vi)  CA Score Model:  

The CA Score is used as a bankruptcy model prediction. Constructed by Jean Legault of the 
University of Quebec at Montreal, this model uses step - wise multiple discriminate analysis 
to analyze the failure rate of Canadian companies. While this calculation may have been 
effective at time of inception, it was strategically designed to detect failures in small 
Canadian businesses. (Companies with total assets between 1 - 20 million dollars) 
 
The Z score is calculated as, 
 
Z=β0+β1A+β2B+β3C 
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Where, 
A =  the ratio of equity to total assets; 
B =  the ratio of financial costs plus the profit before taxation to the total assets;   
C = the ratio of sales to total assets. 
 
Measurement of Financial Health: For CA-Scores that are less than -0.5, these firms are 
classified as "failed" and should be classified as not bankrupt if the score is above -0.5 . 
 

vii)  Fulmer Model: 
 
 The Fulmer model (also frequently called Fulmer H Score) is a bankruptcy 
classification model, based on the 1984 paper "A Bankruptcy Classification Model for Small 
Firms". This is a probabilistic model, so classifications will not be accurate 100% of the 
time. That said, the model can certainly be used as a guide to understand which stocks may 
be safer, and which may be less safe. The Z score is calculated as, 
 
 Z=β0+β1A+β2B+β3C+β4D+β5E+β6F+β7G+ β8H+β9I   
 
Where, 
A =  the ratio of retained profits to total assets,  
B =  the ratio of sales to total assets,   
C = the ratio of the profit before imposing tax to equity   
D =  the ratio of cash flows to the total debts,  
E = the ratio of debts to total assets,  
F =  the ratio of current debts to total assets,  
G = the logarithm of total tangible assets,  
H = the ratio of working capital to the total debt,  
I = the ratio of the logarithm of profit before imposing interest and tax to the interest. 

Measurement of Financial Health: According to the model, a firm should be classified as 
bankrupt if the score is below 0 and should be classified as not bankrupt if the score is 
above 0. 

viii)  McKee Genetic Model:  The Z score is calculated as, 

Z= (A, B, C) = X² / (X²+Y²) in which X= ((A+0.85) B) - 0.85 and Y= (1+C)  
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A = Logarithm of total assets divided by 1000 to base 10,  
B = the ratio of net profit to total assets,  
C = the ratio of cash to current debts. 

Measurement of Financial Health: According to McKee Genetic model, if the firms have 
z score that is less than 0, these firms are classified as "failed" and should be classified as not 
bankrupt if the score is above 0. 

It must be remembered that the financial ratio used in this model has been extracted from 
the original models of these researchers, and only the coefficients of the independent 
variables will be adjusted. 

Data Analysis and Interpretation 

Introduction: The bankruptcy and the lack of success of firms are always a problematic 
and also a notable issue. In the financial literature, there are non differential terms for 
bankruptcy, among which, distress, failure, unsuccessful business unit, failed, financial 
distress, and insolvency can be referred (Hajiha, 2005). In various studies, different 
definitions have been provided for bankruptcy. Gordon (1971) defines bankruptcy as the 
inability of the company’s profitability, that increases the strain and inability to repay the 
principal and interest of their debts. The bankruptcy is one of the factors that none of the 
users of financial statements do expect it but always are worried about it. The directors, 
shareholders, employees, creditors and customers, investors, and other beneficiaries need 
information to make decision and this information is obtained through financial statements. 
Financial analysts’ power of making decision increases using financial information contained 
in financial statements. One of the tools of analyzing financial statements is the use of ratios, 
and financial and non- financial indicators derived from financial statements. Another 
method used to predict continuation of activities of companies is the prediction model of 
financial distress. 

 For this purpose, this paper studies the application of the Altman, Shirata, Ohlson, 
Zmijewskly, Springate, CA Score, Fulmer, and McKee Genetic models in terms of providing 
accurate prediction results, compares the efficiency and prediction results of these models 
with each other  in predicting the bankruptcy of those companies. In this study, these 
predictions have been investigated and analyzed from two general points of views: The first 
part focuses on the bankruptcy prediction ability using environmental information. This part 
has provided the evidences on this issue “whether the z score calculated by using financial 
ratios to predict bankruptcy are useful?” The following hypotheses regarding this part are: 
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Null Hypothesis, H0: The model is not effective in predicting corporate bankruptcy and 
thus the model is not applicable to the selected firms. 

Alternate Hypothesis, H1: The model is effective in predicting corporate bankruptcy and 
thus the model is applicable to the selected firms. 

The second part studies the accuracy of users’ prediction to judge whether there exists 
significant relationship in these models or not. The following hypotheses regarding this part 
are: 

Null Hypothesis, H0: There is no significant relationship in Altman, Shirata, Ohlson, 
Zmijewsky, Springate, CA Score, Fulmer, and McKee Genetic models. 

Alternate Hypothesis, H1: There is significant relationship in Altman, Shirata, Ohlson, 
Zmijewsky, Springate, CA Score, Fulmer, and McKee Genetic models. 

4.2 Importance of bankruptcy Prediction Models: Bankruptcy of firms in the economy 
of any country can be irreversible costs to those countries. Branch has divided bankruptcy 
costs into four categories: 

 Costs that directly affects the bankrupt company; 
 Costs that directly affect the company's creditors; 
 Losses that the bankrupt company to impose other companies; and 
 Costs that other sectors except bankrupt company or creditors incurred from 

bankrupt company (Branch, 2002). 

 In this context, policy makers can evaluate and monitor the companies with enacted 
business laws (Sarbense-Oxely, Basel, and Solvency). On the other hand, many researchers 
(Altman, Ohlson, shumway and so on) tried to provide indexes for predicting corporate 
bankruptcy. They were evaluated the financial condition of the bankrupt companies and 
provide models for predicting financial distress (Nobuyuki, Noriyuki, 2011). 

4.3 Z Scores of the selected firms Based on Various Bankruptcy Prediction Models. 

Z scores of Altman, Shirata, Ohlson, Zmijewskly, Springate, Fulmer, CA Score and McKee 
Genetic models for the selected firms have been listed in the following figure: 
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Table no. 4.3.1: Z Score Value (Mean Score) 

      Source: Calculated by using Excel from annual reports of concerned firms. 

Interpretation: According to the measurement of financial health based on the stated 
models in the table, the bolded mean scores (shown in the above table) signify the fact that 
the firms are in financial distress zone and the unbolded mean scores denote that the firms 
are in safe zone that is free from probability of bankruptcy. As different models show 
different results regarding the bankruptcy probability, so now it is important to proceed with 
the statistical testing of these models to accept that which models should be applicable to 
them and also to judge whether there exists any significant relationship among these 
bankruptcy prediction models or not (based on the stated hypotheses shown in the previous 
part). 

Graph: 4.3.1.1 Z Score Value (Mean Score). 

   Source:  Calculated By Using Financial Data from Annual Reports of the concerned firms. 

 

Financial Distress Models BD Thai BSRM GPH Ispat Anwar Appollo 
Altman Model -15.69 5.54 -19.43 3.04 -42.54 
Shirata Model 4.86 7.54 -6.09 3.73 -17.02 
Ohlson Model 326.67 134.42 52.20 152.30 718.50 
Zmijewski Model 11.17 26.14 -2.04 13.06 11.89 
Springate Model -8.42 -1.79 -12.58 12.30 -15.94 
Fulmer Model 28.13 7.80 20.39 24.52 5.83 
CA Score Model 1.24 0.51 -10.27 3.35 -47.76 
McKee Genetic Model 0.29 0.17 0.14 0.23 0.18 
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 From the above graphs and the various positions of the z scores derived from the 
discussed eight financial models can be clearly observed that these models result in far 
values from one another. This is because of using different accounting variables in the 
models as independent variable. This is why, now it is significant that the models 
acceptability should be done based on the regression analysis. So, before testing the 
significant relationship of these models, the applicable models will be selected first in the 
following parts of this study. Then the accuracy of the selected models will be tested by 
regression analysis (Including ANOVAs with single factor). 

Testing Bankruptcy Prediction Models: In this part of study, the stated models have 
been tested by developing hypothesis whether the given accounting variables of these 
models are effective in corporate bankruptcy or not and thus the model acceptability is 
considered for the above selected firms. Now whether these models are statistically 
significant or not i.e. if these firms should accept these models or not is analyzed in the 
following ways by doing the regression analysis (Using Excel’s Data Analysis): 

H0: The model is not effective in predicting corporate bankruptcy and thus the model is 
applicable to the firms. 

H1: The model is effective in predicting corporate bankruptcy and thus the model is 
applicable to the firms. 

ANOVA (Single factor) of these models are analyzed in the following analysis:  

Table no 4.4.1:  ANOVA (Single Factor) of Bankruptcy Prediction Models for BD 
Thai. 

Distress  
Models 

F 
Value 

P  
Value 

Measurement 
(α=5%) 

Decision 
for H0 

Decision 
for H1 

Models’ 
Acceptability 

Altman 0.0956 0.0474 F>0.05 Accepted Rejected Rejected 
Shirata 0.0343 0.1838 F<0.05 Rejected Accepted Accepted 
Ohlson 0.0078 0.0085 F<0.05 Rejected Accepted Accepted 
Zmijewski 0.4486 0.1578 F>0.05 Accepted Rejected Rejected 
Springate 0.0336 0.0072 F<0.05 Rejected Accepted Accepted 
Fulmer 0.0111 0.0394 F<0.05 Rejected Accepted Accepted 
CA Score 0.0638 0.0883 F>0.05 Accepted Rejected Rejected 
McKee 
Genetic 0.9543 0.8587 F>0.05 Accepted Rejected Rejected 

 Source:   Calculated By Using Excel’s Data Analysis from annual reports of concern firms. 
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Interpretation: Since significance F is less than alpha that is 5%, so alternate hypothesis is 
accepted and null hypothesis is rejected at 95% confidence level for Shirata model, Ohlson 
model, Springate model, Fulmer model which means these models are effective in predicting 
corporate bankruptcy and thus these models can be applied to BD Thai. So, according to 
the above model and the significance F and compared with a significance level (0.05 = α) it 
can be accepted that these models are statistically significant. 

 P values of these models are significant at 5% level except Shirata model. This is 
why BD Thai shouldn’t use Shirata model as P value is more than 5% which means that the 
coefficients used in this model are not significant. More specifically it can be interpreted that 
there is more than 18% probability for the intercept and beta coefficients to be wrong.  On 
the other hand, Altman model, Zmijewski model, CA score model and Mckee Genetic 
model are not effective in predicting corporate bankruptcy for BD Thai as significance F 
values of these models are not less than 0.05. This is why, for these models, null hypothesis 
is accepted at 5% level and alternate hypothesis is rejected. 

Table no 4.4.2: ANOVA (Single Factor) of Bankruptcy Prediction Models for BSRM 
Steel. 

Distress  
Models 

F 
Value 

P  
Value 

Measurement 
(α=5%) 

Decision 
for H0 

Decision 
for H1 

Models’ 
Acceptability 

Altman 0.1148 0.8896 F>0.05 Accepted Rejected Rejected 
Shirata 0.0562 0.4983 F>0.05 Accepted Accepted Rejected 
Ohlson 0.0379 0.0423 F<0.05 Rejected Accepted Accepted 
Zmijewski 0.3651 0.5629 F>0.05 Accepted Rejected Rejected 
Springate 0.1906 0.0212 F>0.05 Accepted Accepted Rejected 
Fulmer 0.0558 0.4009 F>0.05 Accepted Rejected Rejected 
CA Score 0.8111 0.8213 F>0.05 Accepted Rejected Rejected 
McKee 
Genetic 0.6596 0.4669 F>0.05 Accepted Rejected Rejected 

 

Interpretation: Since significance F is less than alpha that is 5%, so alternate hypothesis is 
accepted and null hypothesis is rejected at 95% confidence level for Ohlson model which 
means this model is effective in predicting corporate bankruptcy and thus this model can be 
applied to BSRM Steel. So, according to the above model and the probability (significance 
F) and compared with a significance level (0.05 = α) it can be accepted that this model is 
statistically significant. P value of this model is also significant at 5% level. 

Source:   Calculated By Using Excel’s Data Analysis from annual reports of concern firms.  
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 On the other hand, Altman model, Shirata model, Zmijewski model, Springate 
model, Fulmar model, CA score model and Mckee Genetic model are not effective in 
predicting corporate bankruptcy for BSRM Steel as significance F values of these models are 
not less than 0.05. This is why, for these models, null hypothesis is accepted at 5% level and 
alternate hypothesis is rejected. 

Table 4.4.3: ANOVA (Single Factor) of Bankruptcy Prediction Models for GPH 
Ispat. 

Distress  
Models 

F     
Value 

P  
Value 

Measurement 
(α=5%) 

Decision 
for H0 

Decision 
for H1 

Models’ 
Acceptability 

Altman 0.0597 0.0227 F>0.05 Accepted Rejected Rejected 
Shirata 0.1076 0.0166 F>0.05 Accepted Rejected Rejected 
Ohlson 0.0675 0.1154 F>0.05 Accepted Rejected Rejected 
Zmijewski 0.0599 0.0072 F>0.05 Accepted Rejected Rejected 
Springate 0.0061 0.0015 F<0.05 Rejected Accepted Accepted 
Fulmer 0.0597 0.4029 F>0.05 Accepted Rejected Rejected 
CA Score 0.0528 0.0181 F=0.05 Rejected Accepted Accepted 
McKee 
Genetic 0.4786 0.2786 F>0.05 Accepted Rejected Rejected 

Source:   Calculated By Using Excel’s Data Analysis from annual reports of concern firms. 

 Interpretation: Since significance F is less than alpha that is 5%, so alternate hypothesis is 
accepted and null hypothesis is rejected at 95% confidence level for Springate model and 
CA Score model which means these models are effective in predicting corporate bankruptcy 
and thus these models can be applied to GPH Ispat. So, according to the above model and 
the probability (significance F) and compared with a significance level (0.05 = α) it can be 
accepted that these models are statistically significant. P values of these models are also 
significant at 5% level. 

 On the other hand, Altman model, Shirata model, Ohlson, Zmijewski mode, 
Fulmer and Mckee Genetic model are not effective in predicting corporate bankruptcy for 
GPH Ispat as significance F values of these models are not less than 0.05. This is why, for 
these models, null hypothesis is accepted at 5% level and alternate hypothesis is rejected. 
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Table no 4.4.4: ANOVA (Single Factor) of Bankruptcy Prediction Models for Anwar 
Galvanizing 

Distress  
Models 

F 
Value 

P  
Value 

Measurement 
(α=5%) 

Decision 
for H0 

Decision 
for H1 

Models’ 
Acceptability 

Altman 0.0015 0.0010 F<0.05 Rejected Accepted Accepted 
Shirata 0.1742 0.5573 F>0.05 Accepted Rejected Rejected 
Ohlson 0.0304 0.0364 F<0.05 Rejected Accepted Accepted 
Zmijewski 0.0149 0.0624 F<0.05 Rejected Accepted Accepted 
Springate 0.1071 0.3383 F>0.05 Accepted Rejected Rejected 
Fulmer 0.0029 0.0242 F<0.05 Rejected Accepted Accepted 
CA Score 0.0072 0.0198 F<0.05 Rejected Accepted Accepted 
McKee 
Genetic 0.0347 0.0143 F<0.05 Rejected Accepted Accepted 

Source:   Calculated By Using Excel’s Data Analysis. 

Interpretation: Since significance F is less than alpha that is 5%, so alternate hypothesis is 
accepted and null hypothesis is rejected at 95% confidence level for Altman model, Ohlson 
model, Zmijewski model, Fulmer model, CA Score and McKee Genetic model which means 
these models are effective in predicting corporate bankruptcy and thus these models can be 
applied to Anwar Galvanizing. So, according to the above model and the probability 
(significance F) and compared with a significance level (0.05 = α) it can be accepted that 
these models are statistically significant. 

 P values of these models are also significant at 5% level except Zmijewski model. 
This is why Anwar Galvanizing shouldn’t use Zmijewski model as P value is more than 5% 
which means that the coefficients used in this model are not significant. More specifically it 
can be interpreted that there is more than 6% probability for the intercept and beta 
coefficients to be wrong. 

 On the other hand, Shirata model and Springate model are not effective in 
predicting corporate bankruptcy for Anwar Galvanizing as significance F values of these 
models are not less than 0.05. This is why, for these models, null hypothesis is accepted at 
5% level and alternate hypothesis is rejected. 
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Table no 4.4.5:  ANOVA (Single Factor) of Bankruptcy Prediction Models for Appollo 
Ispat. 

Source:   Calculated By Using Excel’s Data Analysis. 

Interpretation: Since significance F is less than alpha that is 5%, so alternate hypothesis is 
accepted and null hypothesis is rejected at 95% confidence level for Shirata model, Ohlson 
model, Zmijewski model, Fulmer model which means these models are effective in 
predicting corporate bankruptcy and thus these models can be applied to Appollo Ispat. So, 
according to the above model and the probability (significance F) and compared with a 
significance level (0.05 = α) it can be accepted that these models are statistically significant. 

 P values of these models are also significant at 5% level except Zmijewski model. 
This is why Appollo Ispat shouldn’t use Zmijewski model as P value is more than 5% which 
means that the coefficients used in this model are not significant. More specifically it can be 
interpreted that there is more than 30%  probability for the intercept and beta coefficients to 
be wrong.  On the other hand, Altman model, Springate model, CA score model and Mckee 
Genetic model are not effective in predicting corporate bankruptcy for Appollo Ispat as 
significance F values of these models are not less than 0.05. This is why, for these models, 
null hypothesis is accepted at 5% level and alternate hypothesis is rejected. Since the 
calculated result shows different acceptability decisions of the models for the selected firms, 
so now it’s important to analyze further whether there is any significant relationship among 
these models for testing the accuracy rate of bankruptcy prediction. For this purpose mean 
Z score of five companies of each model has been taken as X variable and time periods have 
been taken as Y variable. 

Distress  
Models 

F     
Value 

P  
Value 

Measurement 
(α=5%) 

Decision 
for H0 

Decision 
for H1 

Models’ 
Acceptability 

Altman 0.0587 0.0318 F>0.05 Accepted Rejected Rejected 
Shirata 0.0517 0.0291 F=0.05 Rejected Accepted Accepted 
Ohlson 0.0161 0.0170 F<0.05 Rejected Accepted Accepted 
Zmijewski 0.0495 0.3082 F<0.05 Rejected Accepted Accepted 
Springate 0.6461 0.0644 F>0.05 Accepted Rejected Rejected 
Fulmer 0.0491 0.04 F<0.05 Rejected Accepted Accepted 
CA Score 0.1050 0.0743 F>0.05 Accepted Rejected Rejected 
McKee 
Genetic 0.6462 0.2302 F>0.05 Accepted Rejected Rejected 
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Now the following regression analysis shows if there is any significant relationship for the 
accuracy of bankruptcy prediction among the above stated models or not based on the 
hypotheses stated in the following: 

H0: There is no significant relationship in Altman, Shirata, Ohlson, Zmijewsky, Springate, 
CA Score, Fulmer, and McKee Genetic models. 

H1:  There is significant relationship in Altman, Shirata, Ohlson, Zmijewsky, Springate, CA 
Score, Fulmer, and McKee Genetic models. 

The resulted regression coefficients with its statistical significance of the firms are presented 
in the below: 

Table no 4.4.6: Regression Analysis of the Bankruptcy Prediction Models for Testing 
Accuracy Rate. 

Source:   Calculated By Using Excel’s Data Analysis. 

Interpretation:  The results in the table show that if significance F is less than 0.05; null 
hypothesis is rejected at 5% level. Thus it concludes alternate hypothesis is accepted and 
there is significant relationship in Altman, Shirata, Ohlson, Fulmer and CA Score models, 
but the remaining three models (Zmijewski, Springate, McKee Genetic models) are not 
significantly related to bankruptcy prediction for the selected five firms at 5% significance 
level (α). 

 In addition, these models have a positive influence on the firms because beta (β) 
coefficient of the independent variables (Z Scores) of Altman, Shirata, Ohlson, Fulmer and 
CA Score models are positive. This means that by decreasing the financial ratios of 
accounting variables used in these models, the probability of bankruptcy will be decreased. 

Distress 
Models 

β 
Coefficient 

P 
Value 

Significance 
F (α=5%) R2 Measurement Decision 

for H0 
Decision 

for H1 
Altman 0.4468 0.0013 0.0039 95.65% Sig<0.05 Rejected Accepted 
Shirata 0.6432 0.0005 0.0057 94.41% Sig<0.05 Rejected Accepted 
Ohlson 0.3442 0.00001 0.00001 99.94% Sig<0.05 Rejected Accepted 

Zmijewski 0.3815 0.5130 0.1159 61.58% Sig>0.05 Accepted Rejected 
Springate 0.2640 0.0214 0.1825 49.87% Sig>0.05 Accepted Rejected 
Fulmer 0.3092 0.0174 0.0015 97.68% Sig<0.05 Rejected Accepted 

CA Score 0.8439 0.0076 0.0166 88.75% Sig<0.05 Rejected Accepted 
McKee 
Genetic -0.0166 0.7199 0.9997 0% Sig>0.05 Accepted Rejected 



A Study of the Applicability of Bankruptcy Prediction Models: An Empirical Analysis 
of Steel Manufacturing Companies of Bangladesh 

 

  s 19 
Emperor International Journal of Finance and Management Research 

 Regarding the independent variables of these models, by increasing the financial 
ratios of these models, the probability of bankruptcy will be increased.  

 Here, the significance F of the models is less than alpha i.e. 0.05; it means that the 
estimated value of the suggested model is proportional with the actual value at an acceptable 
level (95%). The coefficient of determination (R2) has conveyed that the change in 
performance variables (Time) is explained by independent variable (Z Scores) to what 
magnitude. In general, the higher the R-squared, the better the model fits the data. 100% R-
squared indicates that the model explains all the variability of the response data around its 
mean. 

 The Z-score of Ohlson model is significantly higher than the Z-score of the other 
accepted models. Thus, we can say that Ohlson’s Z-score is more conservative than other 
models’ Z-score. The result of this hypothesis is that the Ohlson model is more efficient in 
bankruptcy prediction. But based on the Z scores only it can be also found out which model 
shows the highest degree of accuracy for predicting bankruptcy. 

 Therefore, now among these five accepted models which model shows the highest 
degree of accuracy for predicting bankruptcy of the selected firms is computed in the 
following table: 

Table no 4.4.7: Comparison of Z Scores of Bankruptcy Prediction Models for the 
firms. 

 

Year Altman 
Model 

Shirata 
Model 

Ohlson 
Model 

Fulmer 
Model 

CA Score 
Model 

2014 -17.89 -4.82 271.07 11.27 -12.22 
2015 -15.78 -2.27 273.96 14.33 -11.68 
2016 -13.94 -0.96 276.62 17.20 -11.17 
2017 -12.79 -0.62 279.76 19.30 -10.10 
2018 -8.67 1.69 282.69 24.58 -7.76 

Mean Z 
Score -13.81 -1.39 276.82 17.34 -10.59 

Mean 
Variance 11.98 5.71 21.10 25.54 3.12 

Source: Calculated By Using Excel from annual reports of concerned firms 
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Interpretation: Therefore, Fulmer model for bankruptcy predictability shows the highest 
degree of accuracy among the five models tried in this analysis. The evidence indicates that 
Fulmer’s bankruptcy classification model appears to be quite accurate in predicting a 
potentially bankruptcy of the selected five steel manufacturing firms. From the literature 
review, it is known that Fulmer model has been able to predict 96% of the bankrupt 
companies and 100% of the non-bankrupt ones (Fulmer, 1984). Here, in case of these firms, 
the predictability accuracy of Fulmer model is 97.68% (Source: Table). 

 Thus according to Fulmer model’s Z score, these firms are not leading to 
bankruptcy & thus ensure its solvency over the five year time period.  

V. FINDINGS AND RECOMMENDATIONS 

Findings: Financial soundness of the selected five firms is not sound enough and Altman, 
Shirata, Ohlson and CA Score models’ scores indicate that if the situation continues, it may 
get into a state of financial distress. 
Z Scores of these firms over a period of 5 years has not been good because of negative 
working capital, asset utilization at medium level, lower earning power and lower financial 
flexibility which show that these firms are not financially stable in the long run.  

Altman, Shirata, Ohlson, Fulmer and CA Score models are able to demonstrate the actual 
status of solvency of the companies as seen in this study. These models would definitely 
help the stakeholders to find out strength of the companies and their solvency status. 

Recommendation: It can be argued that using more than one model for predicting failure 
of the firm may increase the opportunity to determine the best and most accurate model. So 
the concerned parties should use the accepted five bankruptcy prediction models. 
 

VI. CONCLUSION 
 

 The purpose of this study was to examine empirically the applicability of 
bankruptcy prediction models for the steel manufacturing firms. The development of 
bankruptcy models has progressed a great deal in the last 30 years. The applicability to many 
industries has proven the value of accepted bankruptcy models, particularly in the 
manufacturing industry and many steel manufacturing firms utilize these models in order to 
identify early warning signs of bankruptcy (Huo, Y.H, 2006). These distress models show 
the effectiveness of using various financial or accounting ratios for determining the 
bankruptcy situation. Among them working capital, retained earnings and EBIT are the 
most important factors that lead to bankruptcy. This study provides valuable information 
for management to use in companies’ current operations by applying the appropriate 
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bankruptcy prediction model. In other words, this study tries to discover statistically 
significant relationships and associations of more than a trivial magnitude.Therefore, the 
results of this study will aid management in staving off the bankruptcy phenomenon (Huo, 
Y.H, 2006). 
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