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Abstract—Micro, Small, and Medium
Enterprises (MSMEs) are vital to Indonesia’s
economy, yet their growth is often hampered
by a lack of structured support and low digital
adoption. This study models MSME growth
by analyzing the impact of business growth
stage, mentoring models, and digital literacy.
Utilizing a dataset from PT Telkom
Indonesia’s CSR program, this research
employs a two-stage quantitative method:
first, a Decision Tree algorithm classifies
MSMEs into five growth stages, and second,
Polytomous Logistic Regression (PLR)
analyzes the factors influencing their growth.
The findings reveal that the mentoring model
is the most dominant predictor of MSME
growth, with the 'Hybrid' model proving most
effective. Conversely, digital literacy did not
show a significant direct impact when
mentoring was included in the model,
suggesting mentoring acts as a critical
catalyst. This research provides an evidence-
based framework for developing more
effective, tiered mentoring programs tailored
to the specific needs and developmental stage
of MSMEs.
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I. INTRODUCTION

Small and Medium-sized Enterprises
(SMEs) are a strategic pillar of the Indonesian
economy. As of 2023, approximately 66
million MSMEs contributed 61% to the
nation's Gross Domestic Product (GDP) and
absorbed 97% of the total national workforce.

This underscores the critical dependence of
national economic sustainability on the ability
of MSMEs to survive and grow in an
increasingly dynamic and digital business
environment. However, this immense
potential is not fully realized in their actual
performance.

Despite their significant number and
contribution to GDP valued at IDR 8,573.89
trillion the productivity and value-added
contribution of the MSME sector have
remained stagnant. This condition s
empirically supported by data from the
Central Statistics Agency (BPS), which
shows a significant decline in key MSME
industries during the third quarter of 2023.
For instance, the food industry (ISIC 10)
experienced a 1.06% decrease in demand,
while the apparel industry (ISIC 14) saw a
3.89% decline compared to the previous
quarter. Such trends indicate that while
MSMESs form the backbone of Indonesia’s
economy, their growth trajectory remains
uneven and fragile.

The growth of MSMEs generally follows a
multi-stage process consisting of existence,
survival, success, take-off, and resource
maturity, each with distinct managerial
challenges and support needs. In the
Indonesian context, many MSMEs remain
trapped in the early stages of existence and
survival, struggling to advance toward
maturity due to limited managerial capability
and insufficient institutional support [1]. This
developmental stagnation underscores the
need for growth-stage-specific interventions,
as the nature of MSME growth tends to be
tiered and influenced by various strategic
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drivers such as technology adoption, digital
capability, and mentoring structure [2], [3].

Two of the primary root causes for this
suboptimal performance are the lack of
systematic and structured mentoring and the
low adoption of digital technology. Although
the government has promoted initiatives such
as “UMKM Go Digital,” by the end of 2023
only around 27 million out of 66 million
MSMEs (approximately 40%) had been
digitized in aspects such as marketing,
transactions, or financial recording. This
digital divide reflects unequal access to digital
participation, which risks excluding many
MSMEs from essential market, financing, and
technological ecosystems necessary for
sustainable growth [4].

From a capability perspective, digital
literacy extends beyond basic operational
skills to encompass more advanced
competencies such as functional, online, and
global digital literacy, which are crucial for
operating effectively in digital and cross-
cultural environments [5]. In this context, the
low level of digital literacy among MSME
actors in Indonesia poses a serious constraint
on their ability to compete and adapt in an
increasingly digital economy.

Equally important is the role of mentoring
in  supporting MSME  development.
Mentoring is a structured process in which an
experienced mentor provides guidance to a
less experienced mentee, and its effectiveness
depends on factors such as frequency,
duration, and delivery mode whether offline,
online, or hybrid [6]. However, mentoring
practices implemented in many CSR and
government programs, including those by PT
Telkom Indonesia, tend to remain generalized
and non-personalized, failing to address the
specific needs of MSMEs at different growth
stages or levels of digital readiness.

The importance of improving managerial
capability is further emphasized by studies
showing that MSME performance is strongly
influenced by both internal characteristics
such as entrepreneurial competence and
human resource quality and external factors,
including access to finance and the business
environment [7], [8]. Strengthening these

managerial and strategic capacities through
data-driven mentoring is therefore critical to
enhancing  MSME competitiveness and
resilience.

While previous research has examined
several factors affecting MSME performance
such as financial literacy and e-commerce
adoption [9], or the role of intellectual capital
and organizational learning [10] there
remains a significant research gap concerning
the development of integrated and
technology-based mentoring models
specifically tailored to Indonesian MSMEs.
The literature suggests that mentoring
effectiveness and digital adoption must be
analyzed together, particularly in relation to
MSME growth stages, to design interventions
that are contextually relevant and impactful.

This study focuses on 7,220 MSMEs

supported by PT Telkom Indonesia’s
Corporate  Social Responsibility (CSR)
program, which presents a valuable

opportunity to develop and evaluate a data-
driven mentoring framework that integrates
digital literacy and growth-stage
characteristics. To achieve this, the research
employs a Decision Tree algorithm—known
for its interpretability and accuracy in
classifying MSME growth stages [8] and
Polytomous Logistic Regression, which
allows for analyzing  multi-category
relationships among variables [11]

At the same time, the central problem stems
from both empirical and theoretical gaps that
hinder MSME development. Empirically,
there is a clear disconnect between the vast
number of MSMEs and their stagnant

productivity, as reflected in sectoral
contraction, low digitalization, and non-
personalized mentoring practices.
Theoretically,  research  focusing  on

technology-based mentoring frameworks that
consider MSME heterogeneity and digital
literacy remains limited.

Therefore, this research aims to bridge these
gaps by analyzing the specific case of
MSMEs under PT Telkom Indonesia’s CSR
program, with the following primary
objectives:

SISFORMA: Journal of Information Systems (e-Journal) Vol.12 | No 2 |Th. 2025

ISSN 2442-7888 (online) DOI 10.24167/sisforma.v12i2.14299

185



Modeling MSME Growth: The Impact of Growth Stages, Mentoring, and Digital Literacy Using Decision Tree and

Polytomous Logistic Regression

1. To examine the influence and
relationship between an MSME’s
business growth stage and its overall
growth rate;

2. To investigate the influence and
relationship between the mentoring
model applied (including its approach,

methods, and focus) and MSME
growth; and
3. To analyze the influence and

relationship between the digital literacy
level of an MSME and its growth.

Il. METHOD

This study employs a quantitative research
design to analyze the influence of MSME
growth stages, mentoring models, and digital
literacy on business growth. The research is
scheduled to be conducted over a two-year
period, from 2024 to 2026, utilizing a national
dataset of MSMEs participating in PT Telkom
Indonesia's Corporate Social Responsibility
(CSR) program.

The methodological approach integrates
both analytical modeling and information
system structuring. The research begins with
a conceptual framework that connects MSME
growth stage classification, mentoring
interventions, and levels of digital literacy as
explanatory variables influencing business
growth. In the initial analytical phase, a
machine learning algorithm specifically a
Decision Tree is applied to classify MSMEs
into distinct growth stages based on their
internal  characteristics and managerial
attributes. These stages, representing phases
such as existence, survival, success, take-off,
and resource maturity, serve as one of the key
independent variables in the study. Alongside
this, two additional independent variables are
analyzed: mentoring model and digital
literacy level.

The mentoring model includes variables
such as interaction type, training frequency,
and duration, while digital literacy reflects
MSMEs’ capacity to operate within
traditional, modern, digital, and global
contexts. The dependent variable, MSME
growth, is measured primarily through
revenue and sales growth metrics. Based on

this framework, the study tests the following
hypotheses:

1. The business growth stage has a
significant effect on the mentoring
model.

2. The mentoring model has a significant
effect on MSME growth.

3. The level of digital literacy has a
significant effect on MSME growth.

This framework allows a comprehensive

examination of MSME development by
establishing an objective classification of
their growth stages and then measuring how
mentoring and digital capabilities affect
business performance.

Machine Learning H Em'";?:;mm"
l "
Mentoring Model H2
MSME Growth
Digital Literacy ”

H3

‘Characteristics

Figure 1. Research Framework

The overall research procedure is organized
within an information system framework
consisting of three integrated stages: input,
process, and output. This framework provides
a systematic structure for managing the data
flow and analytical procedures throughout the
study.

Input Process Output

Literature Review Data Collection Data Processing
Res:
1. Decision Tree Method

Logistic Regression

Data collacted through surveys
2. Polytomous
(PLR) Method

Data Preprocessing

Characteristics of MSMES.
Managerial Factors of MSMEs

MSME Growth Stages:

MSME Assistance

Figure 2. Information System Framework

In the input stage, foundational data and
theoretical knowledge are gathered through a
comprehensive literature review on MSME
growth stages, mentoring strategies, digital
literacy, and the analytical methods employed
(Decision Tree and Polytomous Logistic
Regression). The primary data are collected
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complemented by secondary data when
available.

The dataset covers four key domains:

1. Variables defining MSME growth
stages (existence, survival, success,
take-off, resource maturity).

2. Variables describing the mentoring
process (model type, interaction
pattern, frequency, duration).

3. Indicators of digital literacy
(traditional, modern, digital, global
levels).

4. Business growth indicators (revenue
and sales growth).

In the process stage, the collected data
undergo systematic preparation and analysis.
Data preprocessing is performed to address
missing values, correct inconsistent or
inaccurate data, and remove irrelevant
information to ensure quality and integrity.
After cleaning, the data are standardized to
normalize different feature scales. The dataset
is then partitioned into training and testing
subsets to support robust model development
and validation.

Subsequently, analytical modeling is
conducted in two main steps. The Decision
Tree algorithm is applied to classify MSMEs
according to their growth stage, generating a
structured segmentation based on objective
patterns in the data. Then, the Polytomous
Logistic Regression (PLR) model is
employed to examine the relationships
between variables, quantifying the influence
of MSME growth stages, mentoring models,
and digital literacy on business growth
outcomes.

The output stage delivers the final
analytical results and insights. Key outputs
include coefficients and odds ratios, which
quantify both the direction and strength of the
influence of each independent variable on
MSME growth. P-values are used to test the
research hypotheses and assess the statistical
significance of the results. Additionally, a
confusion matrix is employed to evaluate the
accuracy of the Decision Tree model in
classifying MSME growth stages.

The interpretation of these quantitative
findings leads to the formulation of data-

driven recommendations for designing an
optimized and effective MSME mentoring
model. Through this methodological design
linking machine learning-based classification,
regression modeling, and a systematic
information system framework the study
ensures a rigorous and integrated approach to
understanding how developmental stages,
mentoring interventions, and digital literacy
collectively influence MSME business
growth.

1. RESULTS AND DISCUSSION

This section presents the results of the
analysis and discusses their implications in
relation to the theoretical framework and
findings from previous studies. The
presentation of results focuses on empirical
evidence derived from the data analysis, while
the discussion interprets these results in a
broader academic context, linking them to
established theories and prior research on
MSME development, mentoring models, and
digital literacy.

A. RESULT

The first phase of this research involved
developing a model to classify MSME growth
stages based on their characteristics and
managerial factors. A Decision Tree
algorithm was trained and tested, producing a
strong overall accuracy of 90.00% on the test
data. This high level of accuracy indicates that
the model is both reliable and valid for
classifying new MSMEs, providing a solid
foundation for the subsequent hypothesis
testing. To further evaluate the model’s
performance, precision, recall, and F1-score
were calculated, as summarized in Table 1.

Table 1. Average Perfomance Metrics of The
Decision Tree Model

Metric Precision Recall F1-
Score
Macro Avg 0.90 0.90 0.89
Weighted 0.93 0.90 0.90
Avg

The results presented in Table 1 provide
deeper insights into the model’s robustness.
The Macro Average treats all classes equally,
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yielding a precision of 0.90, recall of 0.90, s
and F1-score of 0.89, demonstrating high and S
consistent accuracy across all growth stages.
The Weighted Average, which considers the
number of instances in each class, provides an
F1-score of 0.90 confirming that the model is
both balanced and resistant to class bias.
Further analysis of the model’s
performance shows a high weighted-average
F1-score of 0.90, emphasizing its reliability in
distinguishing between growth stages. Minor
misclassifications occurred primarily
between adjacent stages, such as confusing
“Survival” with “Existence.” This is :
expected, as the boundary between early  Figure 3. Model Fit Measures and Coefficients —
stages is often subtle. Importantly, the model Growth_Category_code
showed no confusion between distant stages, ) ) )
such as between “Existence” and “Take-Off.” The first tested hypothesis examined the

confirming its discriminative strength and influence of growth stage on mentoring

testing. business growth stage significantly affects the

Building on these classification results, the ~choice of mentoring model (;°(6) = 85.1, p <
next step involved Polytomous Logistic .001),support|ngHl..SpecmcaIIy, MSMEs in
Regression (PLR) analysis to test the research  the “Resource Maturity” stage were found to
hypotheses. The combined model. be 2.5672 times more likely to adopt a
incorporating the variables of mentoring  Hybrid” mentoring model than those in the
model and digital literacy, was found to ~EXistence” stage (p < .001). This pattern
significantly explain MSME growth, as SU9gests that mature firms tend to prefer
shown in the Model Fit Measures presented in flexible and integrated mentoring approaches

Figure. 3 and Figure. 4. that align with their complex operational
The results indicate strong model needs. In contrast, early-stage MSMEs such
performance: as those in the “Survival” stage demonstrated

1. For mentoring model analysis (Fig. 3), €SS pronounced effects (odds ratio =
¥2(6) = 85.1, p < .001, with Nagelkerke 44056.7553, p = 0.854), |Ik€|y reflectlng their
R2 = 0.615 (’N = 82). ’ reliance on simpler, more directive mentoring

2. For MSME growth analysis (Fig. 4), Structures. _
¥*(10) =119, p < .001, with Nagelkerke The second hypothesis focused on the

R2=0.774 (N = 90). effect of the mentoring model on MSME
growth, and the PLR results supported H2,
Maltinomil Logstc Regression showing that the mentoring model

significantly influences MSME performance
outcomes. The “Hybrid” mentoring model
had the strongest effect, increasing the
likelihood of achieving “Medium” growth
(odds ratio = 6720.8561, p <.001) and “High”
growth (odds ratio = 413.7299, p = 0.678)
compared to the reference category. The
“Individual” mentoring model also showed a
significant effect on “High” growth (odds

Figure 3. Model Fit Measures and Coefficients ~  ratio = 4.24e+13, p = 0.036). These findings
Mentoring_code
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confirm the critical role of mentoring model

selection in determining business
performance.
The third hypothesis examined the

influence of digital literacy on MSME
growth, controlling for mentoring model. The
results revealed that digital literacy did not
have a statistically significant effect on
MSME growth (p > .05 for all comparisons),
leading to the rejection of H3.

B. DISCUSSION

The findings highlight that MSME growth
stages can be effectively classified using
quantitative and managerial variables, as
reflected in the Decision Tree model’s 90%
accuracy. The limited misclassification
between adjacent stages confirms the
framework’s validity in capturing real-world
development  patterns. The  observed
relationship between growth stage and
mentoring model indicates that organizational
maturity is aligned with  mentoring
complexity: mature MSMEs prefer hybrid
models integrating structured and adaptive
learning, while early-stage firms benefit more
from direct, one-on-one guidance. This
supports the view that organizational learning
evolves alongside firm growth and structural
complexity.

The significant effect of mentoring models
on MSME growth emphasizes the critical role
of targeted developmental support. The
superior performance of hybrid mentoring
aligns with blended learning principles, where
combining personalized coaching and digital
tools enhances adaptability. Conversely, the
absence of a direct digital literacy effect
suggests that digital competence yields
impact only when guided through structured
mentoring. This interdependence highlights
the need to integrate digital training within
mentoring frameworks. Overall, the study
underscores that growth stage classification
and mentoring design are central to MSME
performance, while digital literacy serves as a
complementary factor. The integrated
analytical approach combining machine
learning and statistical modeling provides

both theoretical rigor and practical insights
for MSME development strategies.

IV. CONCLUSION

This study aimed to model MSME growth
by analyzing the impact of business growth
stage, mentoring models, and digital literacy.
Using a quantitative approach with Decision
Tree classification and Polytomous Logistic
Regression, this research has yielded several
key findings that contribute to both theory and
practice in MSME development.

The research confirms that the business
growth stage is a significant predictor of the
type of mentoring support sought by an
MSME (H1). Specifically, mature firms are
significantly more likely to prefer a flexible
'Hybrid' model, indicating that support
programs must adapt their delivery methods
as businesses evolve. Furthermore, the study
reveals that the mentoring model is the most
dominant factor influencing MSME growth
(H2). The 'Hybrid' model, which combines
online and offline interactions, consistently
proved to be the most effective intervention
for driving both medium and high growth.
This underscores that the structure and quality
of guidance are paramount.

Conversely, digital literacy, when analyzed
alongside mentoring, did not show a
statistically significant direct effect on growth
(H3). This critical finding does not diminish
the importance of digital skills. Instead, it
suggests a more complex relationship where
mentoring likely acts as a crucial catalyst,
enabling entrepreneurs to translate their
digital competencies into tangible business
outcomes. Without structured guidance,
possessing digital skills alone may not be
sufficient to drive growth.
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