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Abstract

This study aimed to analyze the effects of macroeconomic factors (e.g., inflation,
economic growth, currency exchange rate, and market competitiveness), managerial
characteristics (e.g., ability, optimism, entrenchment, and myopia), and corporate
governance (e.g., institutional shareholders, ownership concentration, number of
shareholders, and managerial independence) on the financial distress risks of companies
listed in the Tehran Stock Exchange. For this purpose, data mining models (e.g.,
Acrtificial neural networks and decision trees) were used along with the regression
method to analyze a sample of 140 TSE-listed companies within the 2007-2020 period.
The research results indicated that macroeconomic factors (i.e., external factors) and
managerial characteristics (i.e., internal factors) were identified as the first and second
most effective factors in the financial distress risk of companies, respectively. However,
corporate governance variables were identified as the least effective factors. According
to the results of ranking the effects of research variables on financial distress risk, the
most effective variables were identified as market competitiveness, managerial myopia,
and inflation.

Keywords: Data Mining, Empirical Analysis, Financial Distress.

JEL Classification: GO1.

1. Introduction

Financial distress and bankruptcy are two close but different terms. According to
a definition given by Altman and Hotchkiss (2006), financial distress occurs
when the realized rate of return for the capital used in a business is significantly
lower than the expected rate of return. Moreover, Beneish (1999) defined
financial distress as a situation in which numerous financial institutions or
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financial assets plunge in value drastically. Therefore, although financial distress
and bankruptcy are closely related, they are different (Platt and Platt, 2006).

Financial distress and bankruptcy can ultimately bring serious losses to
shareholders, creditors, managers, employees, suppliers of raw materials, and
customers. Emerging slowly, financial distress can be concealed in a mass of
financial and nonfinancial problems. Thus, identifying the factors affecting
financial distress is a method of properly benefiting from investment
opportunities and preventing the loss of financial resources. (Mashikhi and Ganji,
2014; Andrade and Kaplan, 1998).

In this regard, predicting bankruptcy will be useful when its time horizon is
sufficiently long. In other words, bankruptcy is to be predicted in financial
distress so that the potentially bankrupt company can take the necessary measures
to prevent bankruptcy. Furthermore, the prediction should be made when the
signs of financial distress and performance disturbance are not very evident and
the occurrence of bankruptcy cannot be foreseen through simple assessment. In
other words, it is not very difficult to predict the bankruptcy of a company that
has financial distress and many debts. The prediction needs no modeling in this
case (Panahi et al., 2014).

Generally, many empirical studies have analyzed the factors affecting
financial distress. They have introduced some variables that are correlated with
financial distress. However, studies differ in the combination of these variables,
which is usually determined concerning researcher’s subjective background. the
extensive spectrum of explanatory variables affecting financial distress has raised
a serious question: what variables should be entered into the empirical model for
the regression of financial distress? Given the transparency and sensitivity of this
subject, recent cases of financial distress have indicated the failure of warning
models in advance. This study considers the failure to be rooted in identifying
explanatory variables and designing empirical models, the factors which it tries
to improve (Gordon, 1971).

In brief, the innovations of this research as opposed to the other similar
studies include both the type of variables and the type of models employed.
Moreover, Artificial neural networks and decision trees were used in this study to
overcome uncertainty in selecting the variables affecting financial distress and to
rank the variables based on their roles in Iran’s capital market. Another
innovation of this study is to concurrently analyze the effects of macroeconomic
factors, managerial characteristics, and corporate governance variables in
predicting financial distress at the companies listed on the Tehran Stock
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Exchange, to determine the most effective variables. Hence, this study aims to
identify the key variables affecting financial distress in Iran’s economy within the
2007-2019 period through data mining approaches such as Artificial neural
networks and decision trees.

2. Literature Review

Ensuing from financial distress, bankruptcy has serious consequences for
companies. After a company goes bankrupt, its shareholders sustain losses and
lose some of their capital. Its employees become unemployed and experience
consequent effects on their lives. Zubair et al. (2021) indicated that investment in
small and medium-sized enterprises would decline during and after financial
distress. They concluded that financial distress would have serious effects on all
stakeholders of a company, especially the uncertainty about the return on
investment, which could deprive a company of resources (Wang et al., 2014).
Financial distress can have either internal or external origins and can result from
either the private or public sectors. Accordingly, a growing literature has
emerged for the analysis and identification of financial distress. In brief,
empirical studies of financial distress can be classified as below:

- ldentifying and predicting financial distress (Reinhart and Rogoff, 2009;
Cardarelli et al., 2006; Forbes and Warnock, 2012; Citterio and King, 2023;
Zhang et al., 2022)

- Estimating costs of financial distress (Calvo et al., 2006; Dell'Ariccia et al.,
2008; Campello et al., 2010; Ugur et al., 2022; Kalash, 2023)

- Analyzing determinants of financial distress (Edison, 2000; Percic et al., 2013;
Laeven and Valencia, 2018; Abdu, 2022; Phan et al., 2022)

- Distribution mechanism of financial distress to different countries and markets
(Frankel and Saravelos, 2012; Hannes Lang, 2018; Gunay and Can, 2022; Fu et
al., 2022)

- Effects of financial distress on the legal sector (Claessens et al., 2009; Kose et
al., 2013; Moglie and Sorrenti, 2022)

Probably, the most important area of the above mentioned studies is the
identification of factors affecting financial distress. In this regard, previous
studies have mainly used financial ratios as explanatory variables. However,
some other studies have employed economic and managerial variables along with
financial variables to predict the financial distress of companies. Despite the
importance of financial variables (extracted from the major financial statements)
in predicting bankruptcy, some researchers believe that they do not have the
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necessary prediction power for particular reasons. Firstly, accounting information
indicates events that happened in the past and cannot be used to predict the
future. Secondly, the conservativism principle and the historical cost have made
book values far away from their real values in the capital market. Finally,
accounting information is greatly affected by the accounting procedures selected
by management and sometimes earnings management (Bauer and Agarwal,
2014). Hence, this study benefited from a relatively complete series of
macroeconomic variables, managerial characteristics, and corporate governance
system. The correlation of each variable with financial distress is explained
below:

Researchers have conducted many studies on the effectiveness of economic
indices in predicting financial distress at different companies. The resultant
evidence indicates that those indices were effective. According to Keasey and
Watson (1987) and Zavgren (1985), an appropriate model cannot necessarily
include financial ratios (i.e., financial variables), and other pieces of information
such as economic variables may greatly help predict bankruptcy and financial
distress. Hence, these economic variables should be used along with other
variables to predict the financial distress of companies. Bayani et al. (2019)
indicated that the role of inflation has greatly increased in causing financial
distress in recent periods. Rampant inflation and many origins of inflation have
made this variable always an important factor in causing financial distress in
Iran’s economy. companies are affected by their economic environments, and
Iran’s economy is characterized by rampant inflation, drastic fluctuations in the
currency exchange rate, and low rates of economic growth. Hence, this study
aimed to first analyze the effects of macroeconomic variables on financial
distress at the companies listed on the Tehran Stock Exchange.

Recent studies indicate that ability, optimism, stability, entrenchment, and
managerial myopia have had considerable effects on financial distress at different
companies. For instance, managerial myopia can jeopardize the competitive
advantage of a company and cause financial distress in the long run. Most
myopic managers avoid whatever prevents them from achieving their short-term
interests (Brochet et al., 2017).

The effect of managerial optimism on financial distress can also be
discussed. Most of the optimistic managers look very much forward to their
decisions and consequent outcomes, especially investment decisions. They also
believe that the stock market has undervalued their companies, something which
results in costly external financing (Gervais, 2007). This study tries to analyze
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the effects of some of the major personality traits and structural characteristics of
managers on financial disasters at companies.

Eventually, the effect of corporate governance on financial distress risk
reduction is justifiable in agency theory, according to which the risk of agency
costs may drive companies toward financial distress. In agency theory, a
company is a series of agency relationships, the most important of which
connects the owner and the manager of a company. Given the separation of
ownership from management in both intellectual and physical aspects with
different utility functions, agency costs will be imposed on the company. there is
always the risk that an agent takes action that does not favor the interests of
owners. These costs will increase the financial distress risk (Wolk et al., 2013).
At the same time, corporate governance mechanisms (i.e., a series of
relationships among board of directors, shareholders, and other stakeholders as
well as a series of attempts at balancing power among groups) can be considered
factors in improving efficiency and performance (Meshki et al., 2015). Hence,
the final goal of this study is to analyze the effect of corporate governance on the
financial distress risks of companies.

3. Data Collection

In this study, a desk method was employed to codify the theoretical foundations,
whereas a field method was adopted to collect financial data from various sources
(e.g., financial statements of companies, CDs provided by Securities and
Exchange Organization of Iran, Rahavard Novin, and www.codal.ir). Afterward,
databases were created, abridged, and classified in Microsoft Excel, and research
hypotheses were tested in IBM SPSS Modeler 18.

4. Statistical Population and Sample

The statistical population included the companies listed on the Tehran Stock
Exchange due to their easily accessible, standard, and homogenous information.
The systematic sampling method was employed to select the research samples
meeting the following conditions:

1) The financial information should be available for the research period (i.e.,
from 2017 to 2020).

2) The fiscal year should end on March 20 (or March 21).

3) The companies should be listed on the Tehran Stock Exchange up to March
21, 2007 (i.e., before this date), and the companies should not be excluded from
the Tehran Stock Exchange within the research period.
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4) The fiscal year should not change during the research period.

5) companies should not be included among financial institutes, banks, and
investment companies due to the specific nature of their activities, revenues, and
activities.

6) There should not be any trading breaks longer than six months.

After the constraints were applied, 140 companies met the above conditions
within the 2007-2020 period. No sampling was done, and all eligible companies
were selected. Given the calculation of some research variables, the data from
2005 and 2006 were used.

5. Research Hypotheses

Hypothesis 1: Macroeconomic factors have significant effects on the financial
distress risk at TSE-listed companies.

Hypothesis 2: Managerial characteristics have significant effects on the financial
distress risk at TSE-listed companies.

Hypothesis 3: The corporate governance system has a significant effect on the
financial distress risk at TSE-listed companies.

5.1 Research Variables and Methodology
5.1.1 Dependent Variable
In this study, the dependent variable is defined as the financial distress risk of

companies. It was measured through Altman’s Z-score (1983) and Ohlson’s
model (1980).

5.1.2 Altman’s Z-Score
Altman (1968) sought to predict the financial distress and bankruptcy of
businesses by adopting multiple discriminant analysis (MDA) and using financial
ratios as independent variables. He introduced his famous model as Z-score,
which is well-known for the prediction of financial distress and bankruptcy.

Z — Score = 0.717x; + 0.847x, + 3.107x3 + 0.420x,4 + 0.998x5 1)
where
x4 the ratio of working capital to total assets
X, the ratio of retained earnings to total assets
x5 the ratio of earnings before interest and tax to total assets
x,: the ratio of book values of corporate shares (i.e., equity) to book values of
debts
X5 the ratio of sales (i.e., incomes) to total assets
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In this model, the lower the Z-score, the higher the financial distress risk at a
company. In other words, companies with scores above 2.9 are classified as
healthy companies, whereas the ones with scores below 1.23 are classified as
bankrupt companies.

5.1.3Ohlson’s Model
Ohlson (1980) used the logistic regression model to predict financial distress and
bankruptcy. Ohlson’s prediction model managed to predict the bankruptcy risks
of companies for the first, second, and third years with accuracies of 85.1%,
87.6%, and 82.6%, respectively, as below. The best separating ratios in Ohlson’s
model was the ratio of total debts to total assets and the ratio of net income to
total assets (Ghadiri Moghadam et al., 2009).

Z =—1.32—0.407x; + 6.03x, — 1.43x5 + 0.0757x, — 2.37x5 — 1.83x, @
+0.285x, — 1.72xg — 0.521x,
where
x1: the logarithm of ratio of total assets to gross national product (GNP)
X, the ratio of total debts to total assets
x5 the ratio of working capital to total assets
x,: the ratio of current debts to current assets
xs: virtual variable (If total debts exceed or equal to total assets, this variable is 1;
otherwise, itis 0.)
X the ratio of net profit to total assets
x5 the ratio of operating cash to total debts
xg: virtual variable (If the net profit is negative for the previous two consecutive
years, it is 1; otherwise, it is 0.)
Xq. Variations in the net profit (the ratio of variations in the net profit to the
absolute value of current profit added by profit from last year)

According to the logit analysis, the resultant Z for each company-year was
placed in the following equation to calculate the bankruptcy risk. The lower the
resultant value of P(z), the more severe the financial distress. The company is
classified as bankrupt if P(z) is greater than 0.5. If P(z) is smaller than 0.5, the
company is classified as non-bankrupt or low bankruptcy risk (Ohlson, 1980).

P(z) = 3)

(1+e2)
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5.2 Independent Variables

In this study, the independent variables were defined as macroeconomic factors,
managerial characteristics, and corporate governance systems. They are measured
as below.

5.2.1 Macroeconomic Factors
5.2.1.1 Inflation

Inflation denotes the constantly nonstop increase in prices of products and
services which will finally reduce the public purchase power and disrupt an
economy. Inflation is measured through variations in the consumer price index
(CPI) announced by a central bank.

5.2.1.2 Economic Growth
Economic growth means the monetary value of final products and services

manufactured inside a country in a specific year. Economic growth is measured
through variations in gross national product (GNP) announced by a central bank.

5.2.1.3 Variations in Currency Exchange Rate
This variable is measured through variations in the per capita currency exchange
rate in the free market.

5.2.1.4 Market Competitiveness
The Lerner index was employed to evaluate competitiveness in the market of

products. This index is defined as the prices of products subtracted from the final
costs of production in a company. This index can directly indicate the market
power of a company (i.e., its ability to consider a price higher than the final cost)
(Namazi et al., 2015). Although the Lerner index is utilized to determine the
market power of products made by a company, it does not separate the special
factors of a company such as the effect of pricing power of product market from
industrial factors. Hence, the moderated version of the Lerner index that includes
the competitiveness power is defined below (Sharma, 2010):

N
LI, = LI; — Z w; LI; 4)
i=1

where

LI;: the ratio of sales subtracted by the costs of production and sales (i.e.,
operating profit) divided by sales

w;: the ratio of sales by company i in an industry of interest

5.2.2 Managerial Characteristics
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5.2.2.1 Managerial Ability

Managerial ability means management efficiency in creating income (Huang and
Sun 2017). Management efficiency is evaluated through the data envelopment
analysis (DEA) model described as the following conceptual model and variables
(Figure 1) :

Cost of sold product =
Costs of distribution and sales &g
Management Sales
Bureaucratic and general costs B o
Efficiency
Tangible fixed assets -
Intangible assets —

Figure 1. Managerial Ability Conceptual Model
Source: Demerijan et al. (2013).

In this method, management efficiency is evaluated through the production
function which indicates the maximum outputs determined by a combination of
inputs. The DEA model is analyzed separately for each industry year. The values
of this model range between 0 and 1 (a value of 1 indicates the highest
management efficiency). The resultant DEA values are then used as dependent
variables in the following regression model. Finally, the residual values (¢;.) of
the following regression model indicate managerial ability.
FrimEff = By + p1Assets; s + f,MShare;, + f3PosFCF;;
+ BsAge;r + Year + ;¢ ®)
where
Assets;: the natural logarithm of total assets of a company
MShare;;: a company’s market share evaluated through the ratio of company
sales to the industry sales
PosFCF;: this variable is 1 if the free cash flow is positive; otherwise, it is 0.

Age; «: the natural logarithm of a company’s age since establishment
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5.2.2.2 Managerial Optimism

Managerial optimism is evaluated through methods based on the rates of
investments, and a common method is to make more investments than sales. In
this method, overinvestment will be used to identify managerial optimism.
Overinvestment is identified through the following method (Schrand and
Zehman, 2011):

Investment;, = By + p1Sale_Growth; 1 + &+ (6)
where

Investment;: the capital expenditures (payable cash) to acquire or construct
fixed assets, intangible assets, and other assets.

Sale_Growth; (_,: the growth in previous sales of a company compared with that
of its previous year

If future investment exceeds the sales growth (i.e., the residual values of the
above model (g;,) are positive), overinvestment has been made; otherwise,
underinvestment is observed. Hence, if overinvestment occurs, managerial
optimism is observed (and ¢; , is 1); otherwise, the residual is 0.

5.2.2.3 Managerial Entrenchment

Managerial stability and entrenchment emerge over time. First, when a manager
assumes responsibility, it is necessary to gain experience and acquire skills for
the new position. However, after a transition period which has been specified
three years in the research literature (Fredrickson et al., 1988), a manager reaches
authority and stability. Hence, if a CEO’s tenure is at least three years in this
study, management is considered stable and given the value of 1; otherwise, it is
given the value of 0.

5.2.2.4 Managerial Myopia
In this study, an independent variable is managerial myopia. When the manager

of a company is myopic, he/she will spend the long-term future of the company
on improving its short-term status. In other words, the long-term future of a
company is sacrificed for its short-term status. In companies with myopic
managers, despite financial success and the availability of necessary
opportunities and resources for investment in long-term assets, none of such
investments are made. Therefore, the companies that report excessive returns
(i.e., profitability) and lower costs of marketing, research, and development than
expected will most probably be characterized by managerial myopia. To identify
and determine myopic companies, it is first essential to estimate the expected
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returns on assets, marketing fees, and R&D costs of each company within the
research period through the following equations (Anderson and Hsiao, 1982):

ROA;; = Bo + ﬁlROAi,t—1 + &t (7)
Mktg;; = Bo + BiMktg;;—1 + €t (8)
R&D;; = By + B1R&D; 1 + &t 9)

where

ROA; ;: returns on assets measured through the ratio of net profit to total assets
Mktg; .: the ratio of marketing fees and sales to total assets

R&D; ;: the ratio of R&D costs to total assets

After the expected (estimated) values of returns on assets, marketing fees, and
R&D costs are calculated through the above models, the real values are compared
with the predicted values. The companies are then classified into the following
four major groups based on differences between the aforesaid values (g;;)
(Table 1).

Table 1. Classification of Companies

Group 1 Group 2 Group 3 Group 4

Positive  difference Positive difference Positive difference Negative difference
between predicted and  between predicted and  between predicted and  between predicted and
real returns on assets real returns on assets  real returns on assets  real returns on assets

Negative difference Only the difference Positive difference
between predicted and between one of between predicted and
real marketing fees marketing fees and real marketing fees
and R&D costs R&D costs and R&D costs

Source: Research finding.

The companies of Group 1 are characterized by myopic management
because their marketing fees and R&D costs decreased, although they had
positive financial performance and increasing returns on assets.

5.2.3 Characteristics of Corporate Governance
5.2.3.1 Institutional Shareholders

The ownership of institutional shareholders is based on the ratio of total shares
owned by banks, insurance companies, holdings, investment companies, pension
funds, financing companies, investment funds, and public organizations,
institutions, and companies to total shares.

5.2.3.2 Ownership Concentration
Ownership concentration means that a few shareholders own many of shares. The

free float is used as an index of ownership structure in terms of ownership
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concentration. The free float indicates the number of shares expected to be
tradable soon in the future and be owned by individuals who are willing to sell
them to the highest bidder. In other words, the free float percentage refers to the
shares not owned by strategic shareholders; therefore, ownership concentration is
measured through the non-float share percentage.

5.2.3.3 Number of Shareholders

The ownership structure of a company can also be evaluated through the number
of its shareholders. The larger the number of shareholders, the higher its
socioeconomic value in the capital market. Many economists believe that the
number of shareholders is a major determinant of a company’s value and
policies. Given the incomplete publication or concealment of the number of
shareholders on the financial statements of companies or the stock exchange
databases, the logarithm of the number of shares is used as a criterion for
determining the number of shareholders.

5.2.3.4 Management Independence

The management independence of a board of directors is operationally defined
through the ratio of the number of non-governing members to the total number of
members.

6. Methods and Material

This study analyzed the effects of a series of macroeconomic factors (e.g..,
inflation, GNP, currency exchange rate, and market competitiveness), managerial
characteristics (e.g., ability, optimism, entrenchment, and myopia), and corporate
governance variables (e.g., institutional shareholders, ownership concentration,
number of shareholders, and management independence) on the financial distress
risks of TSE-listed companies. For this purpose, data mining models (e.g.,
Artificial neural networks and decision trees) were employed to check the
research hypotheses. Artificial neural networks are among the methods of
developing classifiers. In Artificial neural networks, a learned model is
represented as a series of interconnected nodes along with their weighted edges.
Artificial neural networks can be employed to model a nonlinear function that
maps an input vector like X onto a value like Y. Moreover, a neural network is a
simplified model of information processing in the human brain. The basic units
of Artificial neural networks are neurons, which are usually organized in different
layers. Generally, a neural network consists of three layers: the input layer, the
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hidden layer, and the output layer. These layers are interconnected with different
weights. Learning in a neural network is achieved by moderating these weights
mapped onto each edge between neurons. The decision tree model is a decision
support tool that uses trees for modeling. Decision trees are usually used in
various studies and operations, especially in decision analysis, to determine the
most promising strategy. Decision trees are also adopted to describe calculations
of conditional probabilities.

In Artificial neural networks and decision trees, all variables are entered as
input variables into the research model. The significance level (i.e., 95% in this
study) of the logarithms is then considered excluding the insignificant variables.
In the next step, the significant variables are presented in order of effectiveness.

7. Results

7.1 Descriptive Statistics and Frequency Tables

Measures of central tendency and measures of dispersion were used for
descriptive statistics and data analysis. Moreover, frequency tables and frequency
percentages of observations were presented for virtual variables. Winsorization
was then applied to eliminate outliers in some research variables. According to
the results of normality tests, research variables had normal or semi-normal
distributions (Table 2).



Table 2. Descriptive Statistics of Main Variables

Variables
Average  Median standard deviation  Skewness coeff  kurtosis coeff min max
Title Abbr
financial distress risks - Altman Altmanz 2.144 1.991 1.130 0.649 0.695 -0.446 5.543
financial distress risks - Ohlson Ohlsonz 0.916 0.968 0.118 -2.161 4.086 0.505 0.999
Inflation Inflation 0.225 0.200 0.114 0.442 -1.183 0.090 0.43
economic growth Growth 0.012 0.019 0.050 0.316 -0.142 -0.065 0.125
currency exchange rate Currency 0.347 0.058 0.535 1.617 1.532 -0.014 1.824
market competitiveness Compet -0.034 -0.032 0.141 -0.130 2.100 -0.681 0.591
managerial Abilities ManAbility 0.500 0.500 0.289 0.000 -1.200 0.000 1.000
managerial independence Manind 0.664 0.600 0.190 -0.294 0.041 0.000 1.000
institutional shareholders InstitOwn 0.718 0.783 0.231 -1.316 1.128 0.000 1.000
ownership concentration ConcOwn 0.761 0.799 0.156 -1.026 1.168 0.068 1.000
number of shareholders NumOwn 8.388 8.306 0.697 0.962 1.748 6.699 11.480
Source: Research finding.
Table 3. Frequency Table of Virtual Variables
Variables Sample size Frequency Percentage Frequency
Title Abbr 0 1 0 1

managerial optimism ManOptim 1960 1310 650 66.8% 33.2%

managerial entrenchment ManEntr 1960 1003 957 51.2% 48.8%

managerial myopia ManMyopia 1960 1432 528 73.1% 26.9%

Source: Research finding.



Table 4. Data Mining Results of Artificial Neural Networks

Results of Artificial neural networks model

Based on the measure of the financial Disaster

Variables Abbr.
Altman Model Ohlson Model
coeff Sign coeff Sign
Inflation Inflation 0.169 * 0123 *
Macroeconomic economic growth Growth 0.064 * 0.062 :
factors currency exchange rate Currency 0015 * 0.064 *
market competitiveness Compet 0419 * 0.417 *
managerial Ability ManAbility 0.000 - 0.000 -
managerial optimism ManOptim 0.057 * 0.032 *
Management features ' '

managerial entrenchment ManEntr 0.065 * 0.041 *
managerial myopia ManMyopia 0.108 * 0.104 *
institutional shareholders InstitOwn 0103 * 0.082 *
H H _ *

Corporate governance ownership concentration ConcOwn 0.000 0075
variables managerial independence Manind 0.000 - 0.000 -
number of shareholders NumOwn 0.000 - 0.000 -

insignificance -

significance *

Source: Research finding.
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According to the results presented by descriptive statistics of research
variables, the mean of financial distress was reported 2.144 by Altman’s Z-score;
however, it was reported 0.916 by Ohlson’s model. These results indicate that
most of the companies in the research sample were in healthy or relatively
healthy conditions in terms of financial distress and that a few of them faced
severe financial distress (and bankruptcy). The mean of inflation, economic
growth, and currency exchange rate growth were also reported as nearly 23%
(0.225), 1% (0.012), and 35% (0.347), respectively. The mean of competitiveness
was determined -0.034 by the Herfindahl-Hirschman index (HHI) for companies
in the research sample. Although this value approaches zero, it indicates a higher
level of competitiveness in the market of products. According to the other results,
the independence of the board of directors was 0.664, a value which means that
nearly 66% of board members of companies were non-governing members. The
frequency table of research variables demonstrated that the frequency percentage
of companies with myopic management was 27%. Moreover, managerial myopia
was measured at 33% at the sample companies. The other results suggested that
management stability and entrenchment exited at a considerable percentage in
nearly half of the sample companies (Table 3).

7.2 Results of Artificial Neural Networks

Table (4) presents the results of Artificial neural networks based on the two
criteria for evaluating the financial distress risk (i.e., Altman’s Z-score and
Ohlson’s model). According to Table (4), all variables of macroeconomic factors
were identified as effective in the financial distress risks of companies in both
Altman’s Z-score and Ohlson’s model. The coefficients of effectiveness indicated
that market competitiveness was the most effective variable of macroeconomic
factors. Hence, this finding confirms the first research hypothesis stating that
macroeconomic factors have significant effects on the financial distress risks of
companies concerning Artificial neural networks as well as both Altman’s Z-
score and Ohlson’s model.

The results indicated that optimism, entrenchment, and myopia were
among the managerial characteristics affecting the financial distress risks of
companies in terms of both criteria. Moreover, managerial ability had no
significant effects. Given the significant effects of three out of five managerial
characteristics on the financial distress risks of companies, it can be concluded
that most managerial characteristics had significant effects on the financial
distress risk. This finding confirms the second research hypothesis stating that



921 Iranian Economic Review, 2025, 29(3)

managerial characteristics had significant effects on the financial distress risks of
companies based on Atrtificial neural networks.

Regarding corporate governance variables, the results indicated that only
institutional shareholders had a significant effect on the financial distress risks of
companies in terms of both Altman’s Z-score and Ohlson’s model. The other
variables of corporate governance (i.e., ownership concentration, number of
shareholders, and management independence) had no significant effects. This
finding rejects the third research hypothesis stating that the corporate governance
system had significant effects on the financial distress risks of companies based
on Atrtificial neural networks.

Compet i : | Compet |
Inflation Inflation
ManMyopia I ManMyopia
Institd
InstitOwn | nstitown :I
ConcOwn
ManEntr
Currency
Growth Srowth :I
Manoptim : ManEntr :I
Currency : : Manoptim :I . :
0o 02 0.4 0.0 0?2 0?4
A: Alman’s Z-score B: Ohlson’s model

Figure 2. Identifying the Variables Affecting Financial Distress with Artificial Neural
Networks
Source: Research finding.

In Figure 2, the vertical axis represents the variables having significant
effects on the financial distress risk, whereas the horizontal axis indicates the
effectiveness of each variable. These diagrams present the most effective
variables first and then show the other significant variables in a downward order
(the insignificant variables were excluded). The results of Artificial neural
networks for both criteria indicated that market competitiveness, inflation, and
managerial myopia were the most effective variables in the financial distress
risks of companies.

7.3 Data Mining Results of Decision Trees
Table (5) reports the results of decision trees based on the C5 model and two
criteria for evaluating the financial distress risk.
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Table 5. Data Mining Results of Decision Tree Model

Results of Decision Tree Based
on the measure of the financial

Disaster
Variables Abbr. Altman Ohlson
Model Model
coeff  Sign coeff  Sign
Inflation Inflation 0.176 * 0.092 *
economic growth Growth 0.017 * 0.037 *
Macroeconomic
factors currency exchange rate  Currency 0.054 * 0.028 *
ma_rl_<et Compet 0.291 * 0.391 *
competitiveness
managerial Ability ManAbility 0.079 * 0.000 -
managerial optimism ManOptim 0.033 * 0.000 -
Management
features managerial ManEntr 0001  * 0073  *
entrenchment
managerial myopia ManMyopia 0.242 * 0.267 *
institutional Institown 0018  * 0042  *
shareholders

ownership .

Corporate concentration ConcOwn 0.000 - 0.023

governance managerial

. _ *

Va”ables independence Manlnd 0.000 0.048
number of NUmOwn 0000 - 0000 -

shareholders

insignificance -

significance *

Source: Research finding.

According to Table (5), all variables of macroeconomic factors affected the
financial distress risks of companies in terms of both Altman’s Z-score and
Ohlson’s model. The coefficients of effectiveness indicated that market
competitiveness and inflation were the most effective variables of
macroeconomic factors. This finding confirms the first research hypothesis
stating that macroeconomic variables have significant effects on the financial
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distress risks of companies based on the decision tree model in terms of both
Altman’s Z-score and Ohlson’s model.

The results also indicated that entrenchment and myopia were reported to
be among the managerial characteristics affecting the financial distress risks of
companies based on the two criteria; however, managerial ability and managerial
optimism had no significant effects (because they were significant in only one
criterion). Given the significant effects of two out of five managerial
characteristics on the financial distress risks of companies, it can be concluded
that managerial characteristics had no significant effects on the financial distress
risk. This finding rejects the second research hypothesis stating that managerial
characteristics have significant effects on the financial distress risks of companies
based on the decision tree model.

Regarding corporate governance variables, the results indicated that only
institutional shareholders had a significant effect on the financial distress risk in
terms of both Altman’s Z-score and Ohlson’s model. However, no significant
effects were left by ownership concentration, number of shareholders, and
management independence. This finding rejects the third research hypothesis
stating that the corporate governance system had significant effects on the
financial distress risks of companies based on the decision tree model.

Compet ] | Compet
ManMyopia f | Manhyopia |
Inflation Inflation
ManEntr ManEntr
ManAbility Manind :l
currency| | Institown ||
ManQptim :| Growth :l
InstitOwn ] Currency :|
Growth ] ConcOwn :| '
0.0 02 C 0.0 0!2
A: Alman’s Z-score B: Ohlson’s model

Figure 3. Identifying the Variables Affecting Financial Distress Risk with Decision Tree
Source: Research finding.

The results of the decision tree model indicated that market
competitiveness, managerial myopia, and inflation had the most significant
effects on the financial distress risks of companies (Figure 3).
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7.4 Results of Regression Model

Table (6) presents an overview of the results obtained from the regression model
based on the two criteria for evaluating the financial distress risk (for the sake of
brevity, regression tables were not included). The coefficients of determination
were reported 0.463 and 0.466 based on Altman’s Z-score and Ohlson’s model,
respectively. These values were both significant. Moreover, the coefficients of
determination were used instead of coefficients of variables to make the results of
the regression model comparable to those of the data mining models. According
to Table (6), all variables of macroeconomic factors affected the financial distress
risks of companies in terms of both Altman’s Z-score and Ohlson’s model. The
coefficients of determination indicated that market competitiveness and inflation
were the most effective variables of macroeconomic factors. This finding
confirms the first research hypothesis stating that macroeconomic factors have
significant effects on the financial distress risks of companies based on the
regression model in both Altman’s Z-score and Ohlson’s model.

Table 6. Results of the Regression Model
Results of Regression Based
on the measure of the
financial Disaster

Variables Abbr. Altman Ohison
Model Model
coeff  Sign coeff  Sign
Inflation Inflation 0.082 * 0.167 *
economic growth Growth 0059 * 0.074 *
Macroeconomic
currency . .
factors exchange rate Currency 0.097 0.086
market
. Compet 0.347 = 0.098 *
competitiveness
managerial -
Ability ManAbility 0.000 0.000
managerial L optim 0.038 * 0093 *
Management optlmlsm
features managerial ManEntr 0000 - 0099 *
entrenchment
ial .
managerial pranMyopia 0319 * 0214 *
myopia

Corporate institutional InstitOwn 0.059 * 0.089 =*
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governance shareholders

variables )
ownership ConcOwn 0.000 - 0081 *
concentration
_managerial Manind 0000 - 0.000 -
independence
number of NumOwn 0000 - 0.000 -
shareholders
insignificance - significance *

Source: Research finding.

According to the results, managerial optimism and managerial myopia were
among the managerial characteristics having significant effects on the financial
distress risks of companies based on both criteria. However, managerial ability
and managerial entrenchment had no significant effects. Given the significant
effects of two out of five managerial characteristics on the financial distress risks
of companies, it can be concluded that managerial characteristics had no
significant effects on the financial distress risk. This finding rejects the second
research hypothesis stating that managerial characteristics have significant effects
on the financial distress risks of companies based on the regression model.

According to the findings, institutional shareholders proved to be the only
variable of corporate governance having a significant effect on the financial
distress risks of companies in terms of both Altman’s Z-score and Ohlson’s
model. Moreover, no significant effects were left by ownership concentration,
number of shareholders, and managerial independence. This finding rejects the
third research hypothesis stating that corporate governance has a significant
effect on the financial distress risks of companies based on the regression model.
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Figure 4. ldentifying the Variables Affecting Financial Distress Risk with Regression
Model
Source: Research finding.

The results of the regression model and Altman’s Z-score indicated that
market competitiveness, managerial myopia, and currency exchange rate had the
greatest effects on the financial distress risks of companies, whereas Ohlson’s
model introduced the most effective variables as managerial myopia, inflation,
and managerial entrenchment (Figure 4).

7.5 Aggregate Results of Data Mining Models and Regression Model

Table (7) reports the results regarding the effects of macroeconomic factors,
managerial characteristics, and corporate governance on the financial distress
risks of companies based on Artificial neural networks, decision tree, and
regression model.



Table 7. Comparing the Results of Data Mining Models with Those of Regression Model

Results of Data Mining Models

Variables Abbr. ANN DT Regression
Altman Ohlson Altman Ohlson Altman Ohlson
Inflation Inflation * * * * * *
economic growth Growth * * * * * *
Macroeconomic factors
currency exchange rate Currency * * * * * *
market competitiveness Compet * * * * * *
managerial Ability ManAbility - - * - - -
managerial optimism ManOptim * * * - * *
Management features
managerial entrenchment ManEntr * * * * - *
managerial myopia ManMyopia * * * * * *
institutional shareholders InstitOwn * * * * * *
Corporate governance ownership concentration ConcOwn - * - * - *
variables managerial independence Manlnd - - - * - -
number of shareholders NumOwn - - - - - -
insignificance - significance *
Source: Research finding.
Table 8. Results of Research Hypotheses
No. Hypothesis Result
1 Macroeconomic factors have significant effects on the financial distress risks of companies. Confirmed
2 Managerial characteristics have significant effects on the financial distress risks of companies. Confirmed
3 The corporate governance system has a significant effect on the financial distress risks of companies. Rejected

Source: Research finding.



Table 9. Comparing the Three Variables with the Greatest Effectiveness in Data Mining Models and Regression Model

Data Mining Models

; ; ; Regression
Ranking of variables in the ANN DT
degree of influence
Altman Ohlson Altman Ohlson Altman Ohlson
1st Compet Compet Compet Compet Compet ManMyopia
2nd Inflation Inflation ManMyopia ManMyopia ManMyopia Inflation
3rd ManMyopia ManMyopia Inflation Inflation Currency ManEntr

Source: Research finding.
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According to the results, the three models indicated that all macroeconomic
factors had significant effects on the financial distress risks of companies. The
findings also demonstrated that managerial optimism, entrenchment, and myopia
had significant effects on the financial distress risk. Given the effectiveness of
three out of five managerial characteristics, it can generally be concluded that
managerial characteristics had significant effects on the financial distress risks of
companies. The other findings indicated that corporate governance variables had
no significant effects on the financial distress risks of companies, and only one
out of three variables had a significant effect. Given the results, Table (8)
presents the conclusions on research hypotheses:

Table (9) presents three variables with the greatest effects on the financial
distress risks of companies in each model. These results indicate that market
competitiveness and managerial myopia were the first and second most effective
variables in the financial distress risks of companies, respectively.

8. Conclusion
This study analyzed the effects of macroeconomic factors (e.g., inflation, GNP,
currency exchange rate, and market competitiveness), managerial characteristics
(e.g., ability, optimism, entrenchment, and myopia), and corporate governance
variables (e.g., institutional ownership, ownership concentration, number of
shareholders, and management independence) on the financial distress risks of
companies listed in the Tehran Stock Exchange. According to all results obtained
from the statistical methods, the variables of macroeconomic variables and
managerial characteristics had the greatest effects on the financial distress risks
of companies, whereas corporate governance variables were the least effective.
This finding is inconsistent with the results reported by Meshki and Hashemi
(2015) and Lashkan and Wijekoon (2012) but consistent with the results reported
by Moradi and Hosseinzadeh (2017). In other words, the financial distress risks
of companies are significantly affected by macroeconomic factors (known as
external factors) and managerial characteristics (known as internal factors).
Regarding the effectiveness of each variable, the results indicated that
market competitiveness, inflation, currency exchange rate, economic growth,
managerial myopia, managerial optimism, managerial entrenchment, and
institutional shareholders were among the variables affecting the financial
distress risks of companies. Moreover, the results of ranking the independent
variables in terms of their effects on the financial distress risk demonstrated that
market competitiveness, managerial myopia, and inflation had the greatest effects
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on the quality of financial distress at companies. Overall, the results suggested
that macroeconomic factors, which are mainly hard to control by a company, had
the greatest effects on the financial distress risks of companies. Therefore,
policymakers should pay attention to these factors to improve the business
atmosphere, mitigate the political and economic risks, and lower the financial
distress risk. In addition, the effects of managerial characteristics on financial
distress draw further attention from shareholders and public assemblies of
companies to the better recruitment of more competent board members and
managers.
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