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Predictions about a company's financial condition related to
bankruptcy are important information for interested parties,
such as creditors, investors, government, auditors, and the
company's internal management. This research models the
financial condition of metal and mineral mining companies
through the Altman Z-Score model and panel data
regression analysis. This study focuses on a sample of nine
companies involved in metal and mineral mining from 2017
to 2022. In this study, the Altman method was used to
determine a company's health category using the Z-score
standard. Panel Data Regression modelling showed that the
fixed model was the best. The partial test results indicated
that WCTA and RETA did not affect the Altman Z-score.
However, when considering all the ratios simultaneously
(WCTA, RETA, MVBV, and STA), they contribute to
predicting a company's financial condition. These results
highlight the importance of understanding the variables that
influence a company's health and progress. Notably, the
variables of WCTA, RETA, and STA play a crucial role in
determining the Altman Z-score and contribute to our
understanding of a company's financial condition.

This is an open access article under CC-BY-NC 4.0 license.

Introduction

The mining sector, a key driver of the Indonesian economy, is evident in its
increasing contribution to the state revenue each year. The 2009 Law of Mineral and Coal
Mining signalled Indonesia's commitment to excel in mineral export competition,
mandating downstream activities. However, by 2014, the government had acknowledged
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the policy's suboptimal impact, as some mining companies failed to establish timely
smelters for refining products. Consequently, the draft Law of Mineral and Coal Mining
offers a three-year relaxation, making it obligatory to build smelters by 2022 (Kurniawati,
2016). Studying strict regulations, such as the 2009 Law of Mineral and Coal Mining, is
crucial. It highlights the government's focus on resource nationalism and how it affects
foreign investment and sectoral growth (Absori et al., 2022). The societal and economic
dimensions of mining are pivotal research avenues, highlighting the sector's contribution
to GDP, employment, and regional development, as well as exploring the displacement
and socioeconomic disruptions experienced by indigenous and local communities (Ing et
al., 2017).

A company's competitiveness is primarily influenced by its performance. Firms that
cannot sustain competitive performance may face expulsion from their industries and
eventually encounter bankruptcy. For a company to endure, its management must
enhance both its performance and resilience (Bughin, 2023). An indicator of a company’s
progress can be seen in the analysis of its financial statements (Bunea et al., 2019).
Financial statement analysis is needed to determine how a company’s financial condition
can help its management make better decisions (Robu & Istrate, 2015). Financial statement
analysis has been studied extensively across various domains. Specifically, financial ratios
can identify signs of bankruptcy or financial distress (Aviantara, 2022; Goh et al., 2022).

Altman formulated a Z-score model to assess firms’ financial distress by utilizing
multiple financial ratios derived from company statements (Altman, 1968). Ohlson (1980)
developed a probabilistic model to predict bankruptcy by focusing on the role of financial
ratios and market-driven variables. The Altman Z-score model is a multivariate analysis
model that predicts company bankruptcy with a relatively reliable level of accuracy (Ch &
Zulfiati, 2019). A discriminant analysis is carried out to predict a company’s bankruptcy
by analyzing the financial statements of a company for two to three years (Pangkey et al.,
2018). If a company enters a period of financial distress and is not addressed quickly,
business bankruptcy will occur (Aviantara, 2022). Implementing an effective bankruptcy
prediction model allows firms to take corrective actions to prevent financial
unsustainability and bankruptcy (Ghosh and Kapil, 2022).
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Figure 1. Net Profit/Loss Report for Mining Companies in Metal and Mineral Sub-sector from 2017
to 2022
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Figure 1 depicts the financial components of profit and loss in the financial
statements of mining companies in the metal and mineral subsectors. Figure 1 shows the
development of metal and other mineral mining businesses in Indonesia for three
consecutive years (2017-2022), with nine companies experiencing income fluctuations. Out
of the nine companies, three—PT. Central Omega Resources, Tbk, PT. Timah Tbk, and PT.
SMR Utama Tbk —reported significant losses. Additionally, PT. Aneka Tambang Tbk, Vale
Indonesia Tbk, and PT. Cita Mineral Investindo Tbk saw a decline in revenue. Notably,
although these companies experienced a substantial increase in revenue in 2018, it
decreased again in 2019.

Several bankruptcy analysis studies using the Altman Z-score method have been
conducted in Indonesia. Kurniawati (2016) conducted a bankruptcy analysis using the
Altman Z-Score Model for the Multi-Industrial Sector on the IDX during 2013-2014. PT
was identified PT. SAT Nusa Persada Tbk in the electronics sector, and PT. Kmi Wire
Cable Tbk in the cable subsector as the highest-ranked companies with healthy Z-Score
indices in 2013 and 2014, respectively. Conversely, PT. The Asia-Pacific Fiber Tbk in the
textile and garment subsectors was identified as the most recent and lowest-ranking
company facing bankruptcy in both years. Pangemanan et al. (2017) conducted a
comparative analysis of financial performance using the Altman Z-Score method in the
metal and mineral sub-sector mining industry listed on the IDX from 2012 to 2015. This
study identified CKRA and PSAB as early indicators of bankruptcy. According to the
Altman Z-score analysis, companies with a high potential for bankruptcy in the next two
years were Aneka Tambang and Cita Mineral Investindo. Other companies, including
DKFT, SMR, SMRU, TINS, and INCO, are in grey areas. Additionally, Pangkey et al. (2018)
compared bankruptcy prediction analyses using the Altman and Zmijewski methods for
companies that went public on the IDX. The study suggests that the Altman method is
more accurate than the Zmijewski method for predicting bankruptcy.

Current research on the model of finance performance in many listed companies
only depends on the Altman Z score and its similar financial ratios, such as the Zmijewski
and Springate method, for a comparative analysis of robustness (Munawarah, 2020).
Therefore, this study offers a comprehensive evaluation to analyze financial performance
using WCTA, RETA, MVEB, and STA, which, in particular, influence the Z-score. The
importance of this topic stems from the use of an estimation model of panel data
regression, such as FEM, CEM, and REM, which were selected using the Chow and
Housman test to eliminate Autocorrelation, Multicollinearity, and Heteroscedasticity.
Another advantage of this research is the data obtained from 2017 to 2022 while Covid-19
is happened. Thus, this study aimed to model the financial performance of Metal and
Mineral Mining companies in Indonesia using the Altman Z-score.

Hypothesis Development

Numerous studies have provided insights into the relevance of various financial
ratios for predicting financial distress. Altman (1968) used the ratios of working capital to
total assets and retained earnings to total assets as part of his Z-Score model to predict
corporate bankruptcy. He found these ratios to be statistically significant indicators of
financial distress. Additionally, studies have explored the relationship between market
value equity, book value, and financial distress. For instance, Beaver (1966) highlights the
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importance of market value ratios in assessing a firm’s financial health, noting a significant
correlation with instances of bankruptcy. Similarly, the ratio of sales to total assets is a
pivotal component in predicting financial stability. For example, combining the five FRs
from Altman’s Z-score and 21 CGIs did not improve the prediction performance of the
stacking ensembles and performed feature selection to identify representative features
from a comprehensive list of 40 FRs and 21 CGIs (Liang et al., 2020). Based on these
previous findings, it is hypothesized that these selected ratios significantly correlate with
companies’ financial distress, as measured by the Altman Z-score.

Several other scholarly works have delved deeper into financial ratios to explore
their implications in financial distress. Dimitras et al. (1996) affirmed the relevance of
capital to total assets and retained earnings to total assets in evaluating financial health,
noting that firms with higher proportions of retained earnings and capital are typically
more resilient to financial distress. Further, studies by Ohlson emphasized the significance
of market value equity to book value, illustrating that a higher market valuation relative to
book value often corresponds to a lower probability of financial distress (Ohlson, 1980).
Additionally, the relevance of sales to total assets in determining the financial stability of
companies has been underlined by studies like those conducted by Kieschnick (Michaely
et al., 2014), which concluded that robust sales generation relative to assets often indicates
sound financial health and lower susceptibility to distress (Dupret & Kielbasa, 2004). The
cumulative insights from these studies provide substantial empirical grounding to
hypothesize that the ratios of capital to total assets, retained earnings to total assets,
market value equity to book value, and sales to total assets are pivotal indicators of
financial distress, as measured by the Altman Z-Score.
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Total Assets

X2: Retained Earning/

Total Assets
\ Altman Z

s Score
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Assets

Figure 2. Research Model

A research model explaining the link between research variables was established
based on previous studies. Figure 2 illustrates the relationship between the variables of
working capital and total assets, retained earnings to total assets, market value equity to
book value, and sales to total assets to financial distress of the selected companies defined
using the Altman Z Score.

Altman (1968) developed a Z-Score formula, which is a score determined from
standard calculations multiplied by financial ratios that show the level of probability of the
company's bankruptcy. Z-score analysis can predict the level of bankruptcy or company
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health. Anjum (2012) argues that this model can be applied to a modern economy that can
predict bankruptcy in the next one to three years. To calculate a company’s estimated
bankruptcy, Altman uses five financial ratios: working capital to total assets, retained
earnings to total assets, earnings before interest and tax to total assets, market value to
book value of total debt, and total revenue to total assets. This research eliminates EBIT
ratios and replaced by simulant financial ratios above (Pangemanan et al., 2017)

Working capital is defined as the difference between current assets and liabilities
(Altman, 2000). The liquidity and size characteristics are explicitly considered. Ordinarily,
a firm experiencing consistent operating losses will have shrinking current assets relative
to total assets (Altman, 1977). In financial analysis, a greater level of safeguarding for
short-term liabilities, as reflected by the Working Capital to Total Assets (WCTA) ratio,
ensures prompt repayment of short-term debt.

Ha: Working Capital to Total Assets influences Altman Z-Score (WCTA)

The Retained Earnings to Total Assets (RETA) ratio is another crucial variable in the
Altman Z-Score model, and it has been extensively studied in the context of predicting
financial distress. Retained earnings is the financial record that discloses the cumulative
sum of profits reinvested or losses incurred by a company throughout its existence
(Altman, 2000). Altman mentioned that this measure is the cumulative company’s
profitability over time and implicitly considers the firm age; a young firm will probably
show a low RETA ratio because it does not have time to build up its cumulative profits
(Altman, 1977). Retained earnings represent the accumulation of a company's net income
reinvested in the business, and a higher RETA ratio is typically associated with a stronger
financial condition. The RETA ratio measures a firm’s leverage. Usually, firms with high
RE, relative to TA, have not utilized as much debt and financed their assets through the
retention of profits. Altman (1968) included RETA in his model, positing that it has a
significant positive impact on a company's Z-Score.

Ha: Retained Earnings to Total Assets influences Altman Z-Score (RETA)

The market Value of Equity to Book (MVBV) is another integral variable in the
Altman Z-Score model, and its significance in predicting financial distress has been
confirmed in numerous studies. Altman (1968) underscored the importance of MVBV in
his original model, indicating that it significantly influences a company’s Z-score. Equity is
measured by the combined market value of all stocks” shares, preferred and common,
while liabilities include both the current and long-term (Altman, 1968). This metric
indicates the extent to which a company's assets, as measured by the combined market
value of equity and debt, can decrease in value before their liabilities surpass assets,
leading to insolvency (Altman, 2000).

Ha: Market Value of Equity to Book influences Altman Z-Score (MVEB)

The STA ratio is a critical component in the Altman Z-Score model and serves as a
proxy for a firm’s asset turnover and operational efficiency. Ratio is used to measure a
company's ability to increase sales volume. According to Altman (1977), this final ratio is
important because it is the least significant ratio on an individual basis and is ranked
second in its contribution to the overall discriminating ability of the model.

Ha: Sales to Total Assets influences Altman Z-Score (STA)
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Ha: Working Capital to Total Assets, Retained Earnings to Total Assets, Market Value of Equity to
Book, and Sales to Total Assets jointly influence the Altman Z-score.

Method

The This study utilized secondary data sourced from the financial statements of
mining companies in the metal and other mineral mining subsectors. The data covered the
period from 2017 to 2020 and were extracted from the Indonesia Stock Exchange website.
Information was collected through the recording and observation of financial statements.
The sample comprised of all nine companies listed on the Indonesia Stock Exchange in the
metal and mineral mining subsectors for the specified period, representing the entire
population for the study. The Data were analyzed using Altman Z-score and panel data
regression analyses. Altman Z-score analysis uses the following formula (Pangemanan et
al., 2017).

7=6.54X1 +3.26X2 +6.72X5 +1.05X4
where:
X1 =Working Capital to Total Assets
Xz = Retained Earning to Total Assets
Xs = Market Value of Equity to Book Value
Xa = Sales to Total Assets
Z = Altman Z-Score

Companies were classified using the following formula: A company is considered
not bankrupt if its Z-score value is greater than 2.90. Companies fall into the grey zone if
their Z-scores are between 1.22 and 2.90. A company is deemed to have serious financial
difficulties and is at risk of bankruptcy if its Z-score is less than 1.22 (Tampubolon, 2013).

Regression analysis was used to explain the effect of the dependent variable on
independent variables. In general, various regression models are used in research studies.
For instance, a Linear Regression model was utilized in a study conducted by Nengsih et
al. (2021). Additionally, modified regression models such as the partial least squares
regression (as presented by Nengsih, 2019) and the Panel Data Regression model (explored
by Nengsih & Martaliah, 2021) are also frequently employed in research methodologies.
The Panel Data Regression Model is formulated as follows:

Ye=ouwtP1 XaetBa XaeHBs XartBsa Xarter

Yt = Altman Z-Score

at = Constant

i = Variable Regression Coefficient, i=1,2,3 and 4
X1 =Working Capital to Total Assets (WCTA)

X2 =Retained Earnings to Total Assets (RETA)

X3 =Market Value of Equity to Book (MVBV)

X4 = Sales to Total Assets (STA)

et =Error Term
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Three estimation models can be formed using panel data modelling (Khairunnisa et
al., 2020). The first is the Common Effect Model (CEM). The model does not consider
individual or time dimensions, and the behavior between individuals is the same in all
time frames. The estimation technique of this model uses Ordinary Least Squares (OLS).
The second model is the finite-element model (FEM). This model assumes that time units
have different effects. Different effects are shown in the constant coefficient values, which
have different values for each company. The third model is the random-effects model
(REM). This model estimates panel data that are interconnected between time and
individuals with different constants accommodated by the error terms of each company.
The advantage of REM is that it eliminates the heteroscedasticity assumption. This model
uses the generalized least squares (GLS) technique.

The three tests for selecting the best model in Panel Data Regression is Chow,
Lagrange multiplier (LM), and Hausman tests (Gujarati & Porter, 2012). Chow test was
used to determine whether the FEM model was better than the CEM (Widarjono, 2009).
LM test was used to choose which of the CEM and REM models was betterels. Hausman
test was used to determine which model was better than the FEM and REMels. After
determining the best model, the assumption of normality test was performed. After the
normality test is accepted, hypothesis testing, both F-test and t-test, can be carried out,
which can then be continued to find the value of the coefficient of determination.

Results

Descriptive statistical analyses of each variable are presented in Table 1. Each
variable was of a different size. Therefore, the descriptive statistics in Table 1 show the
varied values and distance ranges.

Table 1. Descriptive Statistics for each Variable

Altman Z-Score value WCTA RETA MVBV STA
Mean 5911154, 0.230222  0.61089 7.366889 -0.913111
Max 72326904 0.610000  1.180000  20.99000 0.160000
Min -1.346200 0.000000  0.000000  -1.010000 -5.650000
Std. Deviation 17372821 0.117347  0.204437  6.756520 0.986327

A company's bankruptcy can be predicted using a formula invented by the Altman
Z-score. The Altman Z-score can be used as an early warning system to detect the
condition of a company, especially those related to the company's financial condition (Wu
et al.,, 2022). In the event of financial difficulties, corrective actions can be taken
immediately to achieve better future financial performance. In this study, the analysis of
the company's condition was performed using the Altman Z-score method with the
following formula:

Z=6.56X1+3.26X2 +6.72X3 +1.05X4

Based on this formula, we can determine the conditions of metal and mineral mining
companies for the 2017-2022 period. The results for the company conditions using the
Altman Z-score method are presented in Table 2.
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Table 2. Company Financial Health

No Company Period

2017 2018 2019 2020 2021 2022
1 PT. Aneka Tambang Tbk healthy healthy healthy healthy healthy healthy
2 ?Ei(cjta Mineral Investindo healthy healthy healthy healthy healthy healthy
3 PT. Central Omega healthy healthy healthy grey grey grey

Resources Tbk

4 PT. Vale Indonesia Tbk healthy healthy healthy healthy healthy healthy
5 ?Ei(Merdeka Copper Gold  healthy healthy healthy healthy healthy healthy
6 PT. Timah Tbk healthy healthy healthy healthy healthy healthy
7 PT. SMR Utama Tbk healthy healthy healthy grey bankrup bankrupt
8 ?Ek] Resources Asia Pasific healthy healthy healthy healthy healthy healthy

9 PT. Kapuas Prima Coal Tbk healthy healthy healthy healthy healthy healthy

As indicated in Table 2, 78% of metal and mineral mining companies from 2017 to
2022 are financially healthy. Notably, one company, PT. SMR Utama Tbk, initially
exhibited good financial performance from early 2017 until 2019 but faced bankruptcy by
the end of 2022. Additionally, there are companies, such as PT. Central Omega Resources
Tbk, which fall into a grey area, indicate a potential financial challenge. It is crucial for
these vulnerable companies to enhance sales, profits, and operational efficiency, while
closely monitoring the market value of equity to mitigate financial risks (Buari et al., 2017).

Selecting the best model from the CEM, FEM, and REM is presented in Table 3. The
p-value of the Chow test is 0.0062. This result indicates that the best model in the Chow
test is FEM (p < 0.05). The next step is the Housman test for selecting between FEM and
REM. The p-value for this test is 0.0284. This value indicates that the best model for this
test was the FEM model (p < 0.05). Therefore, it can be said that the model used in this
study is the Fixed Effect Model.

Table 3. Model Selection

Test p-value Testing Best Model
Chow 0.0062 FEM VS CEM FEM
Housman 0.0284 FEM VS REM FEM

LM - CEM VS REM -

After selecting the FEM (Finite Element Method) model as the best model, classical
assumption tests were conducted. These tests include Normality, Autocorrelation,
Multicollinearity, and Heteroscedasticity. The results of these tests suggest that the data
exhibit normal distribution, and there are no issues detected with Autocorrelation,
Multicollinearity, or Heteroscedasticity.

The FEM model shown in Table 4 is as follow:
Y,=-1641.405 —2252.553X, —1288.945X, + 6.719036X,; + 2687.732X ;te,
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Based on the FEM model, the results of the t-test show that the WCTA, RETA, and
STA variables have a significant effect on the Alman Z-score value, whereas the MVBV
variable has no effect on the Alman Z-score value (see Table 4). Table 4 shows that the
WCTA variable had a significant effect on the Alman Z-score. RETA variable significantly
positively affects the Alman Z-score; the higher the RETA value, the more prosperous the
company is in managing its profitability. MVBV had no effect on the Alman Z-score or
financial distress conditions. This shows that the market value of equity does not have a
significant effect on bankruptcy predictions. Furthermore, the STA variable shows a
significant negative effect on Financial Distress, which means that sales of total assets have
a significant influence on predicting financial distress.

Table 4. T-test Results

Variable Coefficient  Std. Error t-value p-value
Constant -1641.405 485.1061 -3.383601 0.0016*
WCTA -2252.553 1632.508 -1.379812 0.1751
RETA 1288.945 882.2542 1.460967 0.1516
MVBV 6.719036 0.005296 1268.710 0.0000*
STA 2687.732 852.2145 3.153820 0.0030*

* = significant effect (<5%)

The F-test in Table 5 was used to determine the joint effect of WCTA, RETA, MVBYV,
and STA variables on the Alman Z-score. Based on the results of the F-test in Table 5, the
p-value is 0.000. It can be concluded that there is a joint effect of the four variables on
bankruptcy prediction, as assessed by the Alman Z-score value (<0.05). The coefficient of
determination (R2) is 0.570832. This explains why the model explains the effect of the
WCTA, RETA, MVBYV, and STA ratios on the prediction of bankruptcy in metal and
mineral mining companies listed on the IDX, which is 99%, and the remaining 1% can be
explained by other variables outside this research.

Table 5. F-test and R *-test

p-value for F-test 0.000000
RE 0.999992

Discussion

The Working Capital to Total Assets (WCTA) in financial analysis indicates that a
higher level of protection for short-term liabilities ensures timely repayment of short-term
debt. This reflects a company's effective management of obligations and reduces the risk of
bankruptcy. The results of hypothesis testing indicate that the WCTA has no significant
effect on the Alman Z-score value by predicting the company's financial condition.
Research in financial distress prediction models, including the Altman Z-Score,
predominantly focuses on the significance of the WCTA ratio. A previous study by Toly et
al. (2019) indicated a negative relationship between the NWCTA ratio and financial
distress. In contrast, Sari et al. (2020) and Ramadhan and Laksono (2021) show that the
WCTA does not influence financial distress.
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The retained Earnings to Total Assets (RETA) ratio does not significantly affect the
Alman Z-Score value; the higher the RETA value, the more prosperous the company is in
managing its profitability. While the RETA ratio is generally considered a significant
variable in the Altman Z-score model for predicting financial distress, some studies have
suggested that the impact of RETA may not always be significantly positive. Toly et al.
(2019) suggest that The RETA ratio is negatively associated with financial distress,
signifying that a larger RETA ratio reduces the likelihood of a business facing financial
distress. This finding highlights the positive influence of the RETA ratio on mitigating
financial distress. Sari et al. (2020) and Ramadhan and Laksono (2021) added that RETA
has no influence on financial distress.

Equity market value serves as a proxy for a firm's asset value and is a more effective
predictor of bankruptcy than a similar ratio. The Market Value of Equity to Book Value
(MVBV) significantly and positively affects the Altman Z-Score value and financial
distress conditions, suggesting that it may not have a significant impact on predicting
bankruptcy, as noted by Sari et al. (2020) and Ramadhan and Laksono (2021).

On the other hand, the Sales to Total Assets (STA) variable demonstrates a
significant positive influence on financial distress, indicating that total asset sales play a
crucial role in predicting financial distress. By contrast, Sari et al. (2020) find no influence
of Sales to Total Assets on financial distress, while Ramadhan and Laksono (2021) report
no impact of the Market Value of Equity to Book Value of Debt on financial distress.
Ramadhan and Marindah (2021) assert that WCTA, RETA, MVEBL, and STA collectively
influence financial distress, but individually, they do not have a significant effect.

The results indicate that the financial distress analysis method can serve as a gauge
for assessing a company's financial situation and may be considered when addressing
financial challenges (Abidin et al., 2023). Predicting financial failure in companies is a
crucial concern, garnering significant attention from researchers, organizations, and
international bodies (Awwad & Razia, 2021). Based on these results and previous research,
companies not only pay attention to changes in profits earned, but also must pay attention
to changes in each component in the financial statements, such as an increase or decrease
in current assets, sales, and others. Companies should pay attention to changes in every
company's financial condition so that if the company is already in a grey area, it
immediately takes preventive action. For example, in conditions of declining product
sales, the company must instantly find consumer desires and effective promotions to
increase sales.

Conclusion

This study models the financial status of nine metal and mineral mining companies
from 2017 to 2022 using the Altman Z-Score ratio and Panel Data Regression analysis. Of
the nine companies, seven were in healthy financial condition. One company showing
signs of bankruptcy and falling into the grey category is advised to boost sales, increase
profits, optimize operating costs, and monitor the market value of equity for
improvement. The F-test indicates the collective influence of the WCTA, RETA, MVBY,
and STA variables on bankruptcy prediction using the Altman Z-Score, with a high
coefficient of determination (99.99%). This model effectively explains how these ratios
affect the prediction of bankruptcy for metal and mineral mining companies on the IDX.
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Specifically, the t-test revealed that MVBV and STA significantly affected the Altman Z-
scores. This study contributes to the identification of key variables that determine a
company's financial conditions.

While pivotal, this research has limitations, primarily rooted in the specificity of its
focus on variables such as capital to total assets, retained earnings to total assets, market
value equity to book value, and sales to total assets in the context of metal and mineral
mining companies in Indonesia using the Altman Z Score. The study's specificity may
limit its applicability to other industries and regions, and relying solely on selected
financial ratios may overlook crucial indicators of financial distress. Future research
should explore a more diverse range of financial and nonfinancial variables to predict
financial distress. Future research can refine the models for more practical tools in various
sectors and regions to assess and mitigate financial distress. These research avenues
provide a holistic view of the intricate interplay between regulatory landscapes,
environmental sustainability, economic vitality, and societal well-being in Indonesia's
mining and mineral sectors..
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