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Abstract

The commercial sector plays a pivotal role in economic development and poverty alleviation.
The objective was to predict the risk of financial bankruptcy of small and medium-sized
enterprises (SMEs) in the commercial sector of Ecuador. With a quantitative approach,
analyzed the financial data of 1.473 companies in the wholesale in the period 2018-2022.
Were analyzed using the Altman Z" Score methodology and a probabilistic estimate. The
results showed a decrease of five percentage points (63 companies) in the proportion
companies classified bankruptcy zone, from 35% in 2018 to 30% in 2022. The probabilistic
estimation, employed the financial ratios used by the Altman Z-Score model. The estimation
revealed that for each unit increase in the Liquidity ratio, Retained Earnings and productivity
decrease the probability of bankruptcy by 72,11%, 95,61% and 62,15% respectively. The
study concludes that productivity is the most relevant factor for not going bankrupt, while the

leverage ratio did not have a significant impact on the Altman Z"-Score.
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Resumen

El sector comercial desempefia un papel fundamental en el desarrollo econdémico y la
reduccion de la pobreza. El objetivo fue predecir el riesgo de quiebra financiera de las
pequefias y medianas empresas (PYMEs) del sector comercial en Ecuador. El enfoque fue
cuantitativo; se analizaron los datos financieros de 1.473 empresas de comercio mayorista del
periodo 2018-2022, empleando la metodologia del Altman Z"-Score y una estimacion
probabilistica. Los resultados mostraron una disminuciéon de 5 puntos porcentuales (63
empresas) en la proporcion de empresas clasificadas en la zona de quiebra, del 35% en 2018
al 30% en 2022. Para la estimacion probabilistica emple6 ratios financieros del modelo
Altman Z-Score. La estimacion revel6 que, por cada unidad de aumento en el ratio de liquidez,
utilidades retenidas y productividad, la probabilidad de quiebra disminuye en un 72,11%,
95,61% y 62,15% respectivamente. El estudio concluye que la productividad es el factor mas
relevante para evitar la quiebra, mientras que el ratio de apalancamiento no tuvo un impacto

significativo en el modelo Altman Z-Score.
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Introduction

Small and medium-sized enterprises (SMEs) represent a vital axis for economic
advancement and vitality (Carranco, 2017; Montiel et al., 2021), particularly in Latin America,
where they constitute 99% of formal enterprises and generate 61% of employment (Dini &
Stumpo, 2020). Their adaptability and capacity to respond to the shifting demands of society
enable them to fulfill specific requirements and tap into market niches often overlooked by
large corporations (Buele et al., 2021). They are multifaceted due to their access to various

markets, technology, financial resources, and diverse human capital (Dini & Stumpo, 2020).

Among the activities undertaken by SMEs lies the commerce sector, which is a part of the
tertiary or service sector and encompasses a wide array of activities such as transportation,
commerce, insurance, communications, government finance, professional services, and real

estate.

According to the World Bank, since 1990, global trade has driven 24% of income growth
worldwide, with 50% for the poorest 40% of the population, lifted out of poverty through best
practices, benefitting over 1 billion people (Banco Mundial, 2022). Global free trade,
particularly within the European Union, has evidenced job creation, propelling economic

progress supported by enhanced technologies (Rincon et al., 2020).

Ecuador’s wholesale trade sector plays a central role in the national economy. According
to the Directory of Enterprises and Establishments (DIEE, 2022), it accounts for 34,5% of all
registered enterprises and nearly 37,4% of total national sales. By 2022, the sector had

generated close to 97.325 jobs and roughly $ 6 billion in sales revenue (Superintendencia de
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Compaifiias, 2024), consolidating itself as one of the main engines of formal employment. It
is not only its scale but its reach. The Banco Central del Ecuador (2023) reports an 11%
contribution to Gross Value Added (GVA) in industrial participation. A share that underscores
how deeply embedded this sector is across the productive chain. As Horna (2009) and Tung
& Phung (2019) have noted, the sector connects a remarkably diverse range of actors, which

amplifies its economic and social impact well beyond the numbers alone.

However, the financial stability of these enterprises is threatened by a series of internal and
external changes (Carranco, 2017), related to a complex competitive landscape, rife with
crises and obstacles (Agustian & Syofyan, 2022), volatility (Telmoudi et al., 2011), with the
presence of geopolitical tensions, food insecurity, and financial instability generated by
tightening monetary policy (Organizacion Mundial del Comercio, 2023). In the Ecuadorian
context, the challenges faced by this sector include government public expenditure, reduced
dynamism of exports in the petroleum sector, labor market deterioration, health crises, supply

chain interruptions, cost increases, and shutdowns (CEPAL, 2020).

Economic crises trigger chain reactions that extend well beyond simple market contraction.
can induce recession. Stefko et al (2021) and Tung & Phung (2019) warn that they can set off
prolonged recessions, while Li & Rahgozar (2012) and Telmoudi et al. (2011) warn of
insolvency risk, which translates into the inability to pay debts, causing financial setbacks, or
even leading to business failure. This situation can negatively impact stakeholders such as
shareholders, creditors, clients, suppliers, workers, and the state itself (Li & Rahgozar, 2012;

Qu et al., 2019; Stefko et al., 2021).
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Anticipating financial distress is more valuable than reacting after the fact. Vavrek et al.
(2021) propose assessing the probability of financial difficulties over time horizons as a
monitoring strategy. Among the tools available for this purpose, the model Altman Z-Score
stands out for its predictive reliability: its accuracy rate is from 75% to 90% in forecasting
corporate bankruptcies, making it one of the most widely validated models in the literature
(Abdullah et al., 2020; Agustian & Syofyan, 2022; Isaac-Roque & Caicedo-Carrero, 2023).
The model draws on four key indicators: liquidity, retained earnings, efficiency, and leverage,

and can flag risk situations up to two years in advance (Isaac-Roque & Caicedo-Carrero,

2023).

The detailed study of business insolvency can aid in problem resolution, as it focuses on
determining the factors and their intensity, and identifying their causes (Gregova et al., 2020).
If stakeholders are aware that bankruptcy may occur in the coming years, they will be better
prepared to safeguard their assets (Galarza et al., 2023; Li & Rahgozar, 2012), mitigate
significant impacts on the profitability of the economic unit (Telmoudi et al., 2011), and

ensure its continued presence in the market (Buele et al., 2021).

In this context, the following research question What is the level of bankruptcy risk for
companies in the wholesale trade sector in Ecuador?. This research aims to contribute to the
knowledge of predicting financial failure in the wholesale trade sector in emerging markets.
The results provide relevant empirical evidence to make informed public policy decisions at
the sector and firm level (Isaac-Roque & Caicedo-Carrero, 2023; Mavengere & Gumede,
2024; Muzanni & Yuliana, 2021), to financial resource planning (Maulana, 2024), and to

understand financial fragility in crisis situations (Keller, 2022).
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The integration of the Altman Z"-Score model with probabilistic estimation establishes a
framework for forecasting the failure of SMEs in the commercial sector, taking into account

the influence of liquidity, Retained Earnings, productivity, and Leverage.

This academic inquiry was prompted by the scarce research in the trade sector within the
Latin American context. It is noteworthy that the majority of studies addressing this sector
have primarily focused on regions such as China, the USA, Taiwan, South Korea, and Spain

(Shi & Li, 2019).

The research follows this structure: the introduction outlines the scope of the study; the
second section delves into a literature review on bankruptcy prediction. The third section
details the methodology, emphasizing data analysis. Findings are outlined in the fourth
section. Lastly, conclusions, discussions, limitations, and avenues for future research are

explored in the fifth section.

Literature Review

Small and medium-sized enterprises (SMEs) are entities engaged in primary, secondary,
or tertiary activities, playing a crucial role in the economies of various countries (Eggers,
2020; Madan, 2020), with those focusing on the commerce sector being more prevalent in the
Latin American economy (Dini & Stumpo, 2020). Trading companies act as intermediaries
between producers and consumers, engaging in the purchase and sale of goods under duly
accepted commercial norms. They can operate as retailers or wholesalers, as individual
entities or corporations, with some conducting business on a small scale while others operate

on a large scale (Kerubo et al., 2020).
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Due to global crises stemming from economic turbulence, wars, pandemics, or international
policies, the business sector has had to address and manage financial aspects such as liquidity,
indebtedness, and profitability (Mazaraki & Zubko, 2022), to avoid disruption in operations

(Xu et al., 2023) and to sustain their presence in the market (Dwi, 2020).

Bartik et al., (2020) assert that SMEs exhibit financial fragility, which may lead to systemic
instability (Médici, 2020). Abdullah & Achsani (2020)suggest that the risk is elevated within
the retail trade sector due to its heightened vulnerability relative to other sectors. Lewaru &
Loupatty (2021)state that, in times of crisis, the most affected sectors are commerce, services,
and investment. Lastly, Lamia et al. (2019)emphasize the notion that commercial enterprises
often demonstrate poor performance in commercial policy, thereby failing to generate
sufficient profitability to confront challenges (Zhang et al., 2016), particularly during

economic crises (Bartik et al., 2020).

Bankruptcy risk, at its core, reflects the probability that a firm will be unable to meet its
immediate financial commitments (Brito, 2018). More specifically, it points to the possibility
that cash flow will fall short of what is needed to sustain financial stability over time
(Valaskova, Kliestik, Svabova, et al., 2018). This is why identifying, assessing, and
anticipating is not merely good practice, but a necessary condition for business survival in

volatile environments (Gregova et al., 2020; Zhang et al., 2016).

Financial risk management is primarily concerned with identifying situations that could
adversely affect economic stability (Vavrek et al., 2021) and mitigating risks through the
utilization of tools that facilitate readiness for changes (Préstamo et al., 2021), such as the

application of various methods (Zvarikova et al., 2017) and bankruptcy risk prediction models
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(Qu et al.,, 2019). Bankruptcy can occur in three forms: 1) bankruptcy, representing
involuntary market exit, 2) liquidation due to various circumstances, and 3) inactivity for

reasons other than the former (Amendola et al., 2015).

Prediction models serve as preemptive alert systems for potential issues (Valaskova,
Kliestik, & Kovacova, 2018), safeguarding interests and assets (Tung & Phung, 2019),
discerning disparities between declared and recorded data (Oliveira et al., 2017), guiding
stakeholders on performance (Arini et al., 2020; Gregova et al., 2020; Karim et al., 2021),
forecasting forthcoming financial challenges (Steﬂm et al.,, 2021; Vavrek et al., 2021),
estimating the likelihood of bankruptcy (Alaka et al., 2018; Antunes et al., 2017; Zvarikova
et al., 2017), mitigating productivity-threatening vulnerabilities (Telmoudi et al., 2011),
averting insolvency (Karim et al., 2021), facilitating informed decision-making, and
harnessing financial metrics as prognostic instruments (Burksaitiene & Draugele, 2018).
These models should incorporate the unique conditions of the country, the capital market, and

the economic and financial status of the company (Ibarra, 2010).

Prediction models likely originated with William Beaver's univariate analysis in 1966-1968
(Beaver, 1966; Qu et al., 2019), which led to Edward Altman's multivariate studies in 1968
(Almamy et al., 2016; Alvarez-Ferrer & Campa-Planas, 2020; Tung & Phung, 2019). These
investigations laid the groundwork for advancing financial risk prediction studies (Shi & Li,
2019), with Altman's Z-Score model being the most widely used due to its demonstrated

accuracy (Damayanti et al., 2019; Del Castillo, 2021; Sharma & Bodla, 2022).

The original Z-Score model is a reliable financial analysis tool (Tung & Phung, 2019),

employing financial indicators (Antunes et al., 2017; Arini et al., 2020), to predict bankruptcy
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in both manufacturing and non-manufacturing companies, whether publicly traded or not (Li
& Rahgozar, 2012; MacCarthy, 2017). The model uses multiple discriminant analysis, a
statistical technique that allows observations to be classified using mathematical equations.
This considered financial indicators: liquidity, retained earnings, productivity, and leverage
(Altman, 2018). The academic literature was demonstrates that model bankruptcy prediction
accuracy ranging from 90% to 95% in the initial year post-analysis and from 70% to 82% in
the subsequent year (Abdullah et al., 2020; Agustian & Syofyan, 2022; Prasetiyani & Sofyan,

2020; Tung & Phung, 2019).

Li & Rahgozar (2012) and Laitinen et al.(2023) point out that the model has not been
without its criticisms, including concerns about dependence on unadjusted accounting data,
limited sample sizes, and outdated information. Despite these reservations, this model remains

the predominant tool for measuring financial distress (Altman et al., 2017; Del Castillo, 2021;

Kim et al., 2020).

Altman developed three versions of the model to address different organizational contexts.
The original Z-Score was designed for publicly traded manufacturing firms; the Z’-Score
adapted that framework for privately held manufacturing companies; and the Z”-Score
extended its applicability to service and non-manufacturing firms that are not listed on stock
exchanges (Arini et al., 2020; Tahu, 2019; Tung & Phung, 2019). This last version is the one
adopted in the present study, given its alignment with the characteristics of trading firms

operating in the service sector (Sharma & Bodla, 2022).

Table 1
Altman Z" Score Model

7°°=6,567X1+3,26X2+6,727X3+1,05X4

Variable Formula Description

X1 WC/TA Ability to generate working capital to cover short-term
Liquidity obligations.
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X2 RE/TA Ability to generate retained earnings from assets.

Retained Earnings

X3 EBIT/TA Ability to manage total assets to generate earnings before
Productividad interest and taxes, measures operational efficiency.

X4 Equity/TL Measures the degree of equity commitment to fulfill
Leverage obligations.

Discrimination Zones

Z > 2,60 Safe Zone Z=2,60y 1,10 Gray Zone Z < 1,10 Bankruptcy Zone

Note. Liquid assets, or the gap between current assets and current liabilities, are measured by working capital
(WC). The company's rights and assets are represented by its total assets (TA). Retained Earnings (RE) are profits
retained for reinvestment or cumulative profits or losses over time. Earnings Before Interest and Taxes (EBIT-
TA) is a measure of the true productivity of assets. Equity (E) is the company's liability to owners (including the
owner contributions) and includes earnings; it is the difference between assets and liabilities. Total Liabilities
(TL) are the company’s external funding from third parties. They are composed of short-term and long-term
liabilities.

Source: (Agustian & Syofyan, 2022; Altman et al., 2017; Arini et al., 2020; Castafieda, 2022)

The Altman Z”-Score model considers three discrimination zones: a) safe zone, where the
business is financially sound and the likelihood of the company facing financial difficulties is
low; b) gray zone, where there is less likelihood of the company facing financial difficulties
in the short term; ¢) bankruptcy zone, with a high probability of the company facing financial

difficulties in the short term (Mostofa et al., 2016).

On the other hand, a useful model for identifying the probability of bankruptcy for SMEs
is the Logit model, which allows determining the relationship between success and failure, or
records the probabilities of the occurrence or non-occurrence of an event (in its binary sense).
The diffusion of the model in the econometric field was led by D.R. Cox, who in 1970
published his book The Analysis of Binary Data, thus formalizing Logit models when dealing

with binary phenomena.

Studies involving the probabilities of preferences in individuals received a definitive boost
with the work of the 2000 Nobel Prize in Economics laureate, economist McFadden, who in
1973 linked Logit models with Discrete Choice Theory(McFadden, 1973), which states that a

discrete choice model in which the probability of choosing an alternative is defined as the
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probability that this alternative has the highest utility among the set of possible
alternatives(Martinez, 2008). Discrete choice models allow modeling qualitative variables.
For this process, the study variable must be converted into codes or values that can be treated

with regression techniques.

Materials and Methods

This study uses a quantitative technique and a prediction strategy for the period 2018-2022.
Employs secondary data collected by the Superintendence of Companies, Securities and
Insurance, which centers on the financial information of SMEs working in the wholesale trade
industry (CIIU 4.0 G46 code) in Ecuador, with the exception of the automotive and
motorcycle industries. The purposive sampling strategy was utilized, and the sample involved
the rejection of companies: 1) that lacked key values for the model, and 2) that had outlier
data. It looked at 1,473 companies in the industry a year. 7,364 observations were analyzed

for the period from 2018 to 2022.

The calculations were done per year using the Altman Z”-score model, which is designed
for non-manufacturing service companies within the emerging markets
(Z2°=6,567X1+3,26X2+6,727X3+1,05X4 ). To verify if there are significant differences
between the averages of the subgroups in the commerce sector, the Kruskal-Wallis test was

used.

In order to strengthen the examination of the financial susceptibility of enterprises, a
binomial logistic model was designed based on the available information, considering

financial variables (liquidity, accrued profits, productivity and leverage) as independent. The
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dummy variable was based on the generated Altman Z”-Score model with the following

values:

Z =1 (High chance of insolvency)

Z =0 (Low chance of bankruptcy)

If the dependent variable is dichotomous, logistic regression is used. The value of the Z”-
Score model has been measured in high risk (bankruptcy zone), medium risk (gray zone)
and low risk (safe zone) categories, but they are reclassified into two categories: 1 - high
probability of bankruptcy (for the medium and high risk categories) and 0 - low probability

of bankruptcy (for the low risk categories).

A notable practical advantage of logistic regression compared to discriminant analysis is its
robustness; it does not necessitate multivariate normality or homogeneity of variance-
covariance matrices among groups. The interpretation of coefficients and diagnostics is
analogous to linear regression, indicating suitable use, despite its equivalence to

discriminant analysis of two groups.

The model estimation process based on the dichotomous dependent variable (which points
to the occurrence or non-occurrence of an event; in this study high probability of bankruptcy
- low probability of bankruptcy) forecasts an estimation of the occurrence or non-occurrence
of the phenomena. The logistic coefficient (Bi) is derived by comparing the chance that the

event occurs to the probability that it does not. The interpretation of the data includes the
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study of marginal effects, i.e., the changes in the probability of a certain outcome (success or
failure) as a consequence of a one unit change in the independent variables, maintaining all

other variables constant. These marginal impacts are measured in terms of likelihood.

The marginal effects are determined through the derivation of the probability function for
each independent variable, and then evaluated at the mean values of the variables. These
marginal effects might be stated as coefficients or as extra or decremental probabilities in

percentages.

Goodness of fit is assessed by the coefficient of determination (R2) and its probabilistic
nature is taken into account. This coefficient shows the partial increase between the outcome
variable and each predictor, which ranges from -1 to 1(Berkson, 1944). A positive value
indicates that the likelihood that the event will occur grows as the predictor variable
increases. Conversely, a negative coefficient means that reducing the predictor variable

reduces the odds of the event happening.

Results

Table 2 shows a distribution of SME subsectors engaged in wholesale trade in Ecuador by
type of product, which provides an indication of the country’s consumption and production
priorities. These categories include medications and medical equipment, metals and metal
ores. In particular, the top three subsectors, each accounting for 12% of the total, are

pharmaceutical items, machinery and equipment, and commission/consignment services.

The results reveal a diversified economy in the context of domestic wholesale trade with

strong demand for health care products, industrial machinery, and commercial intermediary
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services. About 10% of wholesale trade is in food, beverages, and tobacco, showing their
substantial importance. Construction materials, hardware, and IT equipment are other

important sectors (9% and 8% of the total, respectively).

Some subsectors, such as agriculture, telephones, and agricultural equipment, have lower
participation, all below 3%. Similarly, metals and minerals are important resources for the
economy, although they constitute 1%. This can be a sign of lower manufacturing or industrial

activity that depends on these inputs. See table 2

Table 2 Wholesale Domestic Trade Economic Activities.

Wholesale Selling Activities - SMEs Total %
Pharmaceuticals, Medicinal Products, Medical Materials, Perfumery, and Cosmetics. 181 12%
Other Types of Machinery and Equipment 179 12%
Change of a commission or by contract 173 12%
Food, Beverages, and Tobacco 140 10%
Construction materials, hardware, equipment, plumbing materials, and heating. 133 9%
Computers, Equipment, and Software 111 8%
Waste, Scrap, Junk, and Other 97 7%
Various Unspecialized Products. 90 6%
Textiles, Clothing, and Footwear. 71 5%
Hous_ehold Electrical Appliances, Furniture, Mattresses, Carpets, and Home Lighting 63 49,
Appliances.

Other Household Items. 60 4%
Agricultural Raw Materials 55 4%
Electronic Equipment, Parts, and Telecommunications. 49 3%
Agricultural Machinery, Equipment, and Materials. 29 2%
Solid, Liquid, and Gaseous Fuels and Related Products 27 2%
Metals and Metal Ores 15 1%

Figure 1 shows the percentage of enterprises falling into three bankruptcy-risk groups
according to the Altman Z-Score model from 2018 to 2022. The data shows a reduction in the
number of firms in the bankruptcy zone from 35% in 2018 to 30% in 2022. This fall is showing
improvement in the financial situation of the analyzed firms. The share of firms operating in

the gray zone has slightly reduced from 22% in 2018 to 18% in 2022.
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This drop can be seen as a positive trend, meaning that fewer enterprises are in a precarious
financial situation. Finally, the safe zone has little chance of insolvency. This group has been
expanding from 43% in 2018 to 51% in 2021 and remaining at that level in 2022. This is a
good sign; it means that more than half of the enterprises evaluated are in a relatively safe

financial situation, and the chance of insolvency is lower.

The trend during this period could be interpreted as a direct response not only to the
experienced crises but also to emerging opportunities, such as online commerce (CECE, 2023)
. The latter has experienced notable growth in Ecuador, breaking the barriers imposed by the
crisis and surpassing the traditional preference for in-person purchases. Faced with decreased
purchasing power and stagnant sales, various companies were forced to adapt to digital

channels (Zambrano et al., 2021).

On the other hand, the predominant role of social networks has been an important factor
for this type of transaction(Cajamarca-Ramos et al., 2023). According to Zambrano et al.,
(2021) 36% correspond to food and groceries, 26% to personal goods, 16% to games and
entertainment, and 25% to non-personal goods, strengthened by the increasingly frequent use
of the internet that promotes non-in-person purchases. Thus, during the year 2018, 12.70% of
e-commerce corresponded to domestic purchases and 87% to international purchases (CECE,
2018). The pandemic demanded greater participation in e-commerce, increasing the frequency
of purchases even to once a month for 19% of the population, executed by an age group

younger than 26 years old. (CECE, 2020).See Figure 1
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Figure 1. Score according to Altman Z-Score Model

Descriptive Statistics

The average Altman Z-Score of the 1,473 enterprises surveyed is 2.41, showing a modest
probability of insolvency. The highest was 9.97, and the lowest was -9.88. In addition, the
median score is 2.43, which means that half of the organizations had scores above this value
and half had scores below. The highest number of scores is 3.02, which means that the
majority of the SMEs have a minimal risk of bankruptcy. On the other hand, the standard
deviation of the measurements from the mean is 3.09, which indicates some dispersion in the

scores due to varied business activities of the SMEs.

In terms of financial metrics, the examined SMEs have low liquidity (average of -0.0021)
and excessive leverage. Based on the analysis of the method, it is concluded that a lot of
enterprises have poor liquidity, accumulated earnings, and indications of productivity. The

standard deviation of leverage is large (18.5), and this implies a high dispersion of leverage
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among SMEs, which affects their final scores given the diversity of their activities. Table 3

below presents the descriptive statistics for the variables.

Table 3 Descriptive Statistics

z Liquidity Management Productivity Leverage
Mean 2.41 -0.0021 0.112 0.0404 1.60
Median 243 0.0466 0.0728 0.0240 0.349
Mode -3.02 @ -0.490 @ 0.00 0.00 0.0978 2
Standard Deviation 3.09 0.370 0.307 0.186 18.5
Variance 9.57 0.137 0.0944 0.0345 341
Minimum -9.88 -3.71 -3.84 -10.4 -460
Maximum 9.97 1.14 14.9 1.81 759

2 There is more than one mode, only the first one is reported |

Non-parametric Kruskal Wallis tests were applied to 16 independent samples from sub-
sectors of the commerce sector to determine if the Z-values are different. It was observed that
in the year 2020, there are fewer companies in the zone at risk of financial bankruptcy,
meaning the scores increased from the threshold of 2.60 and were situated in a safe zone. The

following hypotheses were proposed:
HO: All means are equal.

HI1: There is at least one significant difference in the Z scores among the subgroups of

commerce.

Table 4 Result of Kruskalwallis test

Test Statistics™”

Z Risk Level

H de Kruskal-Wallis 38,090
df 15
Asymptotic Sig. ,001

a. Kruskal-Wallis Test
b. Grouping Variable: Group
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To complement the analysis of the ratings of companies logistic regression was conducted
using Stata 16 statistical software, considering the score obtained from the Altman Z”-Score
model as the dependent variable, and liquidity, accumulated profits, productivity, and leverage

as independent variables. The results are detailed in Table 4.

Description of variables:

Dependent variable

e Y: Dichotomous variable (Low probability of bankruptcy — High probability
of bankruptcy). Z Score rating reclassified obtained by SMEs when applying the

Altman Z”-Score methodology A.

Independent variables:

e Xl1: Liquidity: Difference between current assets and liabilities, related to total assets.
Speed at which a financial asset can be converted into a means of payment without

losing value.

e X2: Retained earnings: Ratio of retained earnings to total assets. Capacity to generate

retained earnings from assets.

e X3: Productivity: Ratio of earnings before interest and taxes to total assets. Capacity

of SME:s to achieve operational efficiency.

e X4: Leverage: Ratio of equity to total liabilities. Degree to which companies can meet

obligations.

The results of the marginal effects of the logistic regression are as follows:
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Table 5 Logistic regression — Marginal Effects

Average marginal effects Number of obs = 7.364
Model VCE: OIM

Expression: Pr(Z), predict()
dy/dx w.r.t. : Liquidity Management Productivity Leverage

Delta-method

X dy/dx Std. Eur. z P>|z| [95% Conf. Interval]
Liquidity 0721131 0.0149284 ¢ 5 000 (750391 0691872
Accumulated Profits -0.621543 0.0219706 28.2_9 0.00 0.6646_05 0.5784;81
Productivity -0.956077 0.0333232 28.6_9 0.00 1.021_39 0.8907-65
Leverage -0.000948 0.0002894 -3.28 0.00 0'0015_15 0.0003-81

To measure the goodness of fit of the model, and as it is probabilistic, the R-squared of
the model was used through the classification truth table 6 to establish the percentage of
correct and incorrect forecasts in the model, resulting in a prediction percentage of 79.63%,

which is an acceptable prediction percentage.

Tabla 6 Adjustment of the Logistic Model for Z

Logistic model for Z

———————— True --------
Classified | D ~D | Total
+ +
+ | 3160 818 | 3978
- | 682 2704 | 3386
+ +
Total | 3842 3522 7364

Classified + if predicted Pr(D) >=.5
True D defined as Z =0

Sensitivity Pr(+ D) 82.25%
Specificity Pr(-~D) 76.77%
Positive predictive value Pr(D|+) 79.44%
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Negative predictive value  Pr(~D|-) 79.86%

False + rate for true ~D Pr( +~D) 23.23%
False - rate for true D Pr(-|D) 17.75%
False + rate for classified + Pr(~D|+) 20.56%
False - rate for classified -Pr(D|-) 20.14%

Correctly classified 79.63%

The marginal effects of the regression model yield the following results:

e For each unit increase in the productivity indicator, the probability of SME
bankruptcy decreases by 95.61%.

e For each unit increase in the liquidity indicator, the probability of SME bankruptcy
decreases by 72.11%.

e For each unit increase in the accumulated profits indicator, the probability of SME
bankruptcy decreases by 62.15%.

e For each unit increase in the leverage indicator, the probability of SME bankruptcy

decreases by 0.09%.

Discussion

This research focused on forecasting the financial susceptibility of a sample of Small and
Medium-sized Enterprises (SMEs) operating in the wholesale trade sector of Ecuador. The
utilization of the Altman Z”-Score model, coupled with logistic estimation, facilitated this
endeavor. The study outcomes revealed a predictive accuracy of 79,63%, derived from
meticulous analysis employing the R-squared This finding aligns with prior research
employing the Altman Z” Score model (Abdullah et al., 2020; Agustian & Syofyan, 2022;
Damayanti et al., 2019; Isaac-Roque & Caicedo-Carrero, 2023; Prasetiyani & Sofyan, 2020).

Similar results were reported in a Slovenian study, where the prediction level achieved 71.21%
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reliability at the Z”-Score model threshold (Dolinsek & Kovac, 2024), and 74.29% in
predicting the bankruptcy of retail companies listed on the Indonesia Stock Exchange

(Viciwati, 2020).

Companies are categorized as high, medium, and low risk of financial failure. Stakeholders
and investors can analyze financial health and risk of failure across the industry. The literature
on finance uses bankruptcy models to anticipate financial dynamics and to make educated

judgments (Alcalde et al., 2022; Reza et al., 2023; Wibowo & Hidayah, 2023).

In this research, the main predictor of financial insolvency was productivity (X3). This
result emphasizes that the bigger the profit margins, the more the bankruptcy constraints. This
result differs from a study in commercial enterprises in Colombia, where it was found that the
accumulated profitability (X2) and the decrease in leverage (X4) contribute favorably to a
better performance. Moderate debt combined with good liquidity (Ramli et al., 2019), supports
investment in R&D and innovation, leading to enhanced efficiency, which is positively
associated with business performance (Galarza et al., 2023).  The results of the present study
are compatible with the results of other studies carried out in Poland, in 20 nations of the
European Union, and in 3 non-European countries. In particular, leverage showed a relatively
small contribution to the probability of bankruptcy in linear and logistic regression models
(Lubawa & Louangrath, 2016). This is a common feature of the business sector, because the

greatest leverage is often through suppliers, hence reducing financial expenses.

Although the Altman Z-Score model has limitations in considering political, economic,

social, and strategic variables in predicting financial vulnerability (Abdullah et al., 2020;
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Abidin et al., 2021; Isaac-Roque & Caicedo-Carrero, 2023), it is still accessible and useful as

a predictive tool.

Finally, the empirical research of the wholesale sector in Ecuador provides a useful
framework for national and worldwide society, since in many countries, small and medium-
sized firms (SMEs) face similar difficulties regarding financial fragility and economic
stability. The methodology and results are applicable in different situations, especially in
developing countries, where small and medium-sized firms are important for economic
growth and job creation (Kapounek et al., 2022). The Altman Z”-Score model and the
accepted predictive variables have a strong basis for assessing financial risk and strategic
decision-making worldwide. The Altman Z”-Score model and the identified predictive
variables form a strong basis for assessing the financial risk and designing strategic decisions

across the globe.

Conclusions

This study shows that the wholesale sector has several sub-sectors, 16 of which were
analyzed. The analysis of five years of data shows that companies have reduced their
probability of bankruptcy by 5 percentage points, equivalent to 63 companies. This
improvement could be attributed to the rise of e-commerce, the widespread use of social
networking platforms, the facilitation of online transactions, and the contribution of strategic
sectors such as pharmaceuticals, machinery and equipment, food and beverages, and

technology.

The Kruskal-Wallis test was used to determine which subgroups show differences in the Z

score in 2022, which showed that there are significant differences between the categories of
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two groups. A post hoc test was performed, which shows differences in the subgroups:

Wholesale of food, beverages and tobacco and Wholesale of other machinery and equipment.

In this particular test, using Stata version 16 and the R-squared statistic, it was found that
the model achieves a predictive accuracy of 79,63%, which is similar to what is reported in
the literature (Abdullah et al., 2020; Agustian & Syofyan, 2022; Damayanti et al., 2019;
Dolinsek & Kovac, 2024; Isaac-Roque & Caicedo-Carrero, 2023; Prasetiyani & Sofyan,
2020). The reliability of the Altman Z" Score model and the identified predictive factors
provide a sound basis for financial risk assessment and strategic decision-making at

the global level.

Among the predictor variables in the Altman Z-score model, productivity is the most
important factor. The results indicate that for every unit increase in liquidity ratio, retained
earnings, and productivity, the probability of bankruptcy decreases by 72,11%, 95,61%, and

62,15%, respectively. In this study, leverage had no significant effect on Alman Z-score.

In conclusion, this empirical study conducted in an emerging-market country is useful for
future discussions on small and medium-sized enterprises (SMEs), as many countries face
similar challenges related to financial vulnerability and economic stability (Kapounek et al.,

2022).
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