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Abstract 

Background/Objectives: There were many studies and empirical analysis of the default prediction model using the 

financial ratios of large companies, such as listed companies, but despite the large impact on the national economy, 

there was not much research on small and medium-sized enterprises due to lack of data, and it was also limited. 

Therefore, we studied the default prediction model of small and medium-sized enterprises through empirical analysis. 

Methods/Statistical analysis: The nine financial ratios that were estimated to have a high level of default prediction 

power are used in the screening of guarantee support by the Korea Credit Guarantee Fund, a public institution that 

supports small and medium-sized enterprises comprehensively, were verified through discriminant analysis to 

determine whether there was a significant difference between the default companies and the normal companies. 

Between 2014 and 2016, 429 companies that took out loans with support from the Korea Credit Guarantee Fund were 

analyzed by using the statistical program SPSS 22. 

Findings: The nine financial ratios (capital adequacy ratio, debt to equity ratio, total borrowings to total assets, ratio of 

operating profit to total capitals, ratio operating profit to sales, financial cost burden ratio, total assets turnover ratio, 

total capitals investment efficiency, cash flow to current liabilities) were useful in combining to distinguish between 

default and normal companies. All nine financial ratios were significant in distinguishing between default and normal 

companies. The discriminant power was significant in order of financial cost burden ratio, ratio of operating profit to 

total capitals, ratio of operating profit to sales, capital adequacy ratio, debt to equity ratio, total borrowings to total 

assets, cash flow to current liabilities, total capitals investment efficiency, and total assets turnover ratio. 

Improvements/Applications: This study provided a default prediction model in small and medium-sized enterprises 

by conducting empirical analysis of small and medium-sized enterprises. It can be said that it is meaningful to be able 

to use this study model as an indicator to predict the default of small and medium-sized enterprises and to proactively 

manage the negative impact on the national economy. 

Keywords: small and medium-sized enterprise, default prediction, discriminant analysis, classification function, hit 

ratio, financial ratio 

1. Introduction 

In modern society, companies are facing fierce survival competition due to rapidly changing circumstances, and the 

risk of companies due to increased uncertainty is gradually expanding. In these circumstances, default has occurred in 

many forms, from large companies such as listed companies to small and medium-sized enterprises. The default has a 

large impact on the national economy, including the weakening of productivity, reducing employment, and reducing 

consumption due to the company's default, as well as numerous direct stakeholders such as employees, investors, and 

creditors of the company (Park, 2016). In particular, the negative impact of the default of small and medium-sized 

enterprises has a very large ripple effect, which can be understood from the status of small and medium-sized 

enterprises in the national economy. We can look at the status of small and medium-sized enterprises by the number 

9983, which means that 99 percent of all companies are small and medium-sized enterprises, and 83 percent of workers 

work in small and medium-sized enterprises. There were many studies and empirical analysis of the default prediction 

model using the financial ratios of large companies, such as listed companies, but in spite of the large importance of 

small and medium-sized enterprises in the national economy, there was not much research on small and medium-sized 
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enterprises due to lack of data, and was also limited. Most of the financing of small and medium-sized enterprises is 

done through loans through credit screening by banks, guarantee institutions, etc. As a result, the default of small and 

medium-sized enterprises initially affect the risk management crisis of banks and other financial institutions and 

ultimately the national economic crisis. Small and medium-sized enterprises make up the majority of companies, but 

there seems to be little study due to the relative size and importance of the loan size compared to large companies. In 

recent years, however, there has been a growing awareness that the development of small and medium-sized 

enterprises is of paramount importance in the development of the national economy, and the size of the loan for small 

and medium-sized enterprises is increasing. In the meantime, we intend to go one step further in the model of default 

prediction, which has been studied mainly on listed companies. Therefore, we want to develop the default prediction 

model of small and medium-sized enterprises using financial ratio and provide information that can be used as an 

indicator to reduce various losses due to default of small and medium-sized enterprises. If we can predict the default or 

assess the potential default in advance, the company's stakeholders will be able to take preventive measures early to 

prevent default or minimize the cost and economic inefficiency of the default (Song, 1999). 

2. Related Works 

2.1 Preceding Studies in Foreign Country 

The researcher presented a model that predicted default of companies. From 1954 to 1964, 79 default companies were 

selected and 79 normal companies with similar asset sizes in the same industry. Analysis using financial ratios 

confirmed differences in ‘cash flow/total liabilities’, ‘gross profits/total assets’, ‘total liabilities/total assets’, ‘operating 

capitals/total assets’, ‘current assets/current liabilities’ between default companies and normal companies (Beaver, 

1966).  

The researcher selected 33 manufacturing companies filed for bankruptcy from 1946 to 1965, as well as 33 normal 

companies of the same and similar size. Selected financial ratio variables that were considered important indicators for 

the company and selected the five most predictable variables such as ‘operating capitals/total assets’, ‘reserve 

profit/total assets’, ‘EBIT/total assets’, ‘market value of capital/book value of liabilities’, ‘sales/total assets’ through 

the discriminant analysis (Altman, 1968).  

The researcher established a model for predicting default by setting up 105 default companies and corresponding 

normal companies from 1970 to 1976. It has been confirmed that the variables such as ‘total liabilities/total assets’, 

‘operating capitals/total assets’, ‘net profit/total assets’, ‘operating capitals /total liabilities’, etc. are important 

descriptive variables (Ohlson, 1980).  

The researchers selected 34 Korean listed companies that filed for bankruptcy from 1989 to 1992, and 61 normal 

companies with similar size in the same industry. The results of the discriminant analysis showed significant 

differences between the two groups in ‘equity/total liabilities’, ‘total asset turnover ratio’, and ‘cash flow/total 

liabilities’ (Altman et al., 1994). 

2.2 Preceding Studies in Korea 

The researcher selected 83 delisted companies and 83 normal companied on the KOSDAQ market from 2009 to 2012 

as samples, and conducted empirical studies on the financial ratios affecting default through the logistic regression 

analysis and the discriminant analysis. ‘Total borrowings to total assets’, ‘ratio of net profit to total capitals’, ‘financial 

cost burden ratio’ and ‘ratio of net profit to sales’ were derived as significant major variables affecting the default as a 

result of the empirical study (Moon, 2014).  

The researchers proposed a model of default prediction by responding one-to-one to 49 delisted and normal companies 

from 2009 to 2011. ‘Ratio of operating profit to total capitals’, ‘ratio of net profit to total capitals’, ‘financial cost 

burden ratio’, ‘total borrowings to total assets’, and ‘net operating capital ratio’ showed significant differences between 

normal and delisted companies (Jun and Chung, 2012).  

The researcher analyzed default through the financial ratio and concluded that ‘ratio of operating profit to total assets’, 

‘ratio of net profit to total assets’ and ‘capital adequacy ratio’ are important for predicting default companies (Lee, 

2015). 

3. Materials and Methods 

3.1 Selecting of Sample Company 

Most of the previous studies on default predictions analyzed large listed companies, and the number of samples was not 

large. There seems to be a limit to applying default prediction models and variables for large companies to small and 

medium-sized enterprises. Therefore, this study was sampled by delisted small and medium-sized enterprises that took 
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out loans through the guarantee of the Korea Credit Guarantee Fund, a comprehensive financial institution for small 

and medium-sized enterprises. Small and medium-sized enterprises have large deviations of financial ratios by 

company size and industry, which can lead to distorted results for all small and medium-sized enterprises. Therefore, in 

order to reduce this deviation, only small and medium-sized manufacturing enterprises with similar company size were 

selected as samples from external audited companies that can secure the reliability of their financial statements. 

3.2 Selecting Variables 

A total of 9 financial ratios[Table 1] that are estimated to be have a high level of default predictive power as used by the 

Korea Credit Guarantee Fund to screen guarantee support were verified through discriminant analysis to determine 

whether there were significant differences between the default and the normal companies. Between 2014 and 2016, 

429 companies that took out loans with support from the Korea Credit Guarantee Fund were analyzed by using the 

statistical program SPSS 22. Of the 429 companies, 363 were normal until the maturity of loans, while 66 were default 

before the maturity of loans (the maturity of loan is from 2017 to 2019). 

 

Table 1. Operational definitions of variables 

Variables Operational definition 

Capital adequacy ratio {Capital / (debt +capital)}*100 

Debt to equity ratio (Debt /capital) * 100 

Total borrowings to total assets {Total borrowed money / (total borrowed money + 

capital)*100 

Ratio of operating profit to total capitals {Operating profit / (debt +capital)}*100 

Ratio of operating profit to sales (Operating profit / sales)*100 

Financial cost burden ratio (Interest cost / sales)*100 

Total assets turnover ratio Sales / total assets 

Total capitals investment efficiency {Value added / (total assets of former period + total assets of 

current period)/2}*100 

Cash flow to current liabilities {(Net income + depreciation cost + amortization cost of 

intangible asset)/current liabilities}*100 

 

4. Empirical Analysis 

4.1 Research Project 

Through the determinant analysis using Statistics program SPSS 22, we want to examine whether 9 financial ratios of 

'capital adequacy ratio', 'debt to equity ratio', 'total borrowings to total assets', 'ratio of operating profit to total capitals', 

'ratio of operating profit to sales’, ‘financial cost burden ratio', ‘total assets turnover ratio’, ‘total capitals investment 

efficiency, and ‘cash flow to current liabilities’ are useful in distinguishing default and normal companies in 

combination. In addition, we want to examine which financial ratios are significant in discriminant power and which 

ones have large discriminant power. 

4.2 Statistical Analysis 

Table 2 represents mean and standard deviation of the 9 variables of each group. ‘Capital adequacy ratio’, ‘ratio of 

operating profit to total capitals’, ‘ratio of operating profit to sales’, ‘total assets turnover ratio’, ‘total capitals 

investment efficiency’, ‘cash flow to current liabilities’ were higher in group 2 than in group 1 and the remaining 

variables were higher in group 1 than in group 2 (Hajdari, 2018); (Handika and Ekananda, 2019). 
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Table 2. Group statistics 

Classifying Mean 

St. 

Deviation 

Valid N (listwise) 

Unweighted Weighted 

The group 

of default 

companies 

(Group 1) 

Capital adequacy ratio 28.20198 8.44281 66 66.000 

Debt to equity ratio 286.60295 118.83549 66 66.000 

Total borrowings to total assets 63.86217 8.94293 66 66.000 

Ratio of operating profit to total capitals 2.96502 2.22268 66 66.000 

Ratio of operating profit to sales 2.57479 2.12020 66 66.000 

Financial cost burden ratio 2.63260 2.04728 66 66.000 

Total assets turnover ratio 1.23556 .50041 66 66.000 

Total capitals investment efficiency 24.08815 10.53595 66 66.000 

Cash flow to current liabilities 14.05842 10.38333 66 66.000 

The group 

of normal 

companies 

(Group 2) 

Capital adequacy ratio 31.12622 10.07816 363 363.000 

Debt to equity ratio 253.96347 110.50130 363 363.000 

Total borrowings to total assets 60.42502 12.25080 363 363.000 

Ratio of operating profit to total capitals 4.91789 4.88349 363 363.000 

Ratio of operating profit to sales 3.65710 3.20665 363 363.000 

Financial cost burden ratio 2.01248 1.07353 363 363.000 

Total assets turnover ratio 1.45150 .85985 363 363.000 

Total capitals investment efficiency 27.32180 12.38557 363 363.000 

Cash flow to current liabilities 20.62072 25.54607 363 363.000 

 

Table 3 shows the results of difference verification (ANOVA). The results of difference verification between the two 

groups showed significant differences in all variables. Of the nine variables, the financial cost burden ratio represents 

the smallest Wilks' lambda and the largest F value. This means that the discriminant power of financial cost burden 

ratio is the highest in general. In other words, the difference between the two groups is the largest in the financial cost 

burden ratio. 

 

Table 3. Tests of equality of group means 

  Wilks' Lambda F df1 df2 Sig. 

Capital adequacy ratio .989 4.925 1 427 .027 

Debt to equity ratio .989 4.759 1 427 .030 

Total borrowings to total assets .989 4.733 1 427 .030 

Ratio of operating profit to total capitals .977 10.156 1 427 .002 

Ratio of operating profit to sales .984 6.958 1 427 .009 

Financial cost burden ratio .970 13.297 1 427 .000 

Total assets turnover ratio .991 3.916 1 427 .048 

Total capitals investment efficiency .991 3.974 1 427 .047 

Cash flow to current liabilities .990 4.222 1 427 .041 

 

We can find information about the canonical discriminant function in Table 4. The table below shows the result of 

Wilks' lambda and χ
2
 verification. χ

2
 verification is to verify whether there is a difference between the two groups 

across the variables. At this time, the null hypothesis(H0) is as follows: 

H0: The average of all variables is the same across the group. 
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The verification results were significantly shown as p=0.007. Therefore, 9 financial ratios can be said to be useful in 

distinguishing between the default and the normal companies in combination. 

 

Table 4. Wilks' Lambda 

Test of Function (s) Wilks' Lambda Chi-square Df Sig. 

1 .948 22.726 9 .007 

 

Table 5 represents standardized canonical discriminant function coefficients. This coefficient is a standardized 

coefficient, indicating the relative importance of each variable in explaining the group of default and normal 

companies. In this case, the financial cost burden ratio appeared to be the most important variable with the greatest 

discriminant power. 

 

Table 5. Standardized canonical discriminant function coefficients 

  

Function 

1 

Capital adequacy ratio .105 

Debt to equity ratio .546 

Total borrowings to total assets -.191 

Ratio of operating profit to total capitals .027 

Ratio of operating profit to sales -.534 

Financial cost burden ratio .691 

Total assets turnover ratio -.201 

Total capitals investment efficiency .021 

Cash flow to current liabilities -.056 

 

The structure matrix shown in Table 6 shows a correlation between each variable and the standardized canonical 

discriminant function. Here, the correlation between the financial cost burden ratio and the discriminant function was 

also shown to be the highest. Discriminant loading on the structure matrix showing the correlation value between the 

discriminant functions is more useful for determining the discriminant power than standardized canonical discriminant 

function coefficients. Discriminant loading is usually accepted significantly if more than ±0.40 (Hair et al., 2010). 

Therefore, discriminant power was significant in order of financial cost burden ratio, ratio of operating profit to total 

capitals, ratio of operating profit to sales, capital adequacy ratio, debt to equity ratio, total borrowings to total assets, 

cash flow to current liabilities, total capitals investment efficiency, total asset turnover ratio. 

 

Table 6. Structure matrix 

  

Function 

1 

Financial cost burden ratio .751 

Ratio of operating profit to total capitals -.656 

Ratio of operating profit to sales -.543 

Capital adequacy ratio -.457 

Debt to equity ratio .449 

Total borrowings to total assets .448 

Cash flow to current liabilities -.423 

Total capitals investment efficiency -.410 

Total assets turnover ratio -.407 
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Table 7 shows the classification function coefficients. Using these coefficients, we derived classification functions 

between each group. 

Classification function of group 1 

=7.042*X1+0.304*X2+3.339*X3+0.276*X4+0.272*X5-0.018*X6+3.483*X7+0.153*X8-0.333*X9-252.503 

Classification function of group 2 

=7.035*X1+0.300*X2+3.349*X3+0.272*X4+0.385*X5-0.371*X6+3.643*X7+0.152*X8-0.332*X9-251.822 

Group 1: the group of default companies, Group 2: the group of normal companies. 

X1: capital adequacy ratio, X2: debt to equity ratio, X3: total borrowings to total assets, X4: ratio of operating profit to 

total capitals, X5: ratio of operating profit to sales, X6: financial cost burden ratio, X7: total assets turnover ratio, X8: 

total capitals investment efficiency, X9: cash flow to current liabilities (Harianja and Fibriasari, 2019); (Haryana and 

Mulyana, 2019). 

Using the above two classification functions, it is possible to predict which group belongs to. Classification objects are 

classified in a group that appears as a large value as a result of the calculation by inserting the variable values of the 

classification object into the classification function. 

 

Table 7. Classification function coefficients (Fisher's linear discriminant functions) 

  

Classification 

Group 1 Group 2 

Capital adequacy ratio 7.042 7.035 

Debt to equity ratio .304 .300 

Total borrowings to total assets 3.339 3.349 

Ratio of operating profit to total capitals .276 .272 

Ratio of operating profit to sales .272 .385 

Financial cost burden ratio -.018 -.371 

Total assets turnover ratio 3.483 3.643 

Total capitals investment efficiency .153 .152 

Cash flow to current liabilities -.333 -.332 

(Constant) -252.503 -251.822 

 

Table 8 shows how well the classification function predicts a total of 429 companies that have been analyzed 

statistically. Of the 66 default companies, 47 were correctly classified, and 254 of the 363 normal companies were 

classified correctly. Overall, 301 of the 429 were accurately classified, and the hit ratio was 70.2%. 

 

Table 8. Classification results 

Classification 

Predicted Group Membership 

Total Group 1 Group 2 

Original Count Group 1 47 19 66 

Group 2 109 254 363 

% Group 1 71.2 28.8 100.0 

Group 2 30.0 70.0 100.0 
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5. Conclusion 

In this study, we examined the default prediction model of small and medium-sized enterprises. We conducted an 

empirical analysis on the 9 financial ratios used in the screening of guarantee support by the Korea Credit Guarantee 

Fund, a comprehensive support institution for small and medium-sized enterprises. As a result, it was confirmed that 

all nine financial ratios used in this study are significant variables in distinguishing between default and normal 

companies. In the meantime, there has been a lot of research on default prediction models for large companies, such as 

listed companies, but research on small and medium-sized enterprises that have been having a significant impact on the 

national economy due to lack of data was insufficient. This study provided a default prediction model in small and 

medium-sized enterprises by conducting empirical analysis of small and medium-sized enterprises. It can be said that it 

is meaningful to be able to use this study model as an indicator to predict the default of small and medium-sized 

enterprises and to proactively manage the negative impact on the national economy. The indicators used in this study 

correspond to a fraction of the various financial ratios, and the financial ratios alone are bound to show limits on 

predictive power. Therefore, in order to overcome the limitations of financial ratios, which are traditional quantitative 

indicators, it is expected that an analysis will be needed to improve the accuracy of default prediction by utilizing 

additional qualitative indicators such as the management skills of entrepreneurs. 
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