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 Background: MSMEs are central to Indonesia’s economy but face uneven 
digital capabilities, limited AI adoption, and persistent digital skills 
constraints. Despite their economic importance, many MSMEs continue to 
face limited digital capabilities, insufficient technology-oriented training, 
and uneven access to digital infrastructure, which can constrain the 
effective use of advanced technologies such as artificial intelligence (AI). 
Objective: This study examines the relationships among digital literacy, 
AI adoption, digital transformation, and MSME business performance in 
Bogor Regency. 
Methods: A mixed-methods sequential exploratory design was used, 
beginning with qualitative exploration and followed by a quantitative 
survey of 384 MSME respondents analyzed using partial least squares 
structural equation modeling (PLS-SEM). 
Results: Descriptive scores indicate relatively stronger digital 
transformation than AI adoption; however, the reported hypothesis-
testing p-values for H1–H5 (0.313, 0.238, 0.138, 0.124, and 0.194) are all 
above 0.05 and therefore do not support claims of statistically significant 
direct effects at the conventional significance level. 
Conclusion: The findings highlight the need to distinguish descriptive 
digital readiness from statistically supported structural relationships and 
provide a basis for more rigorous model testing in MSME digitalization 
research. 
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INTRODUCTION 

Micro, small, and medium enterprises (MSMEs) play a central role in the Indonesian 
economy, employing approximately 117 million workers, or about 97% of the workforce. Despite 
their economic importance, many MSMEs continue to face limited digital capabilities, insufficient 
technology-oriented training, and uneven access to digital infrastructure, which can constrain the 
effective use of advanced technologies such as artificial intelligence (AI). 

This study's findings should contribute to MSME development in Indonesia by offering a 
deeper understanding of how digital transformation influences MSME performance. Additionally, 
the research outcomes can provide valuable considerations for policymakers and stakeholders 
when designing effective policies and programs that promote the faster adoption of digital 
technologies. 
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Previous studies have examined digital technology adoption, e-commerce use, digital 
literacy, and AI-enabled business practices among MSMEs, but the evidence remains fragmented 
across different constructs and contexts. Much of this literature describes adoption or 
performance outcomes without simultaneously examining how digital literacy and AI adoption 
relate to digital transformation and business performance within a single structural model. This 
unresolved relationship establishes the research gap addressed in the present study. 

In the context of micro, small, and medium enterprises (MSMEs), digital transformation is 
defined as the process of integrating digital technologies into operations, business strategies, and 
organizational culture. Businesses and companies need to recognize the opportunities presented 
by digital transformation to compete effectively. This transformation is driven by rapid 
technological developments, including artificial intelligence (AI), big data, cloud computing, 
blockchain, and the Internet of Things (IoT). The rapid adoption of these technologies is causing 
disruption across industries and reshaping how businesses operate. 

Based on the report Indonesia Digital Economy: Accelerating Digitalization to Support 
Recovery, many MSME entrepreneurs still lack basic digital skills and an understanding of digital 
platforms, including e-commerce, e-payment, and basic AI applications (Group, 2021; Gultom et 
al., 2024). This lack of digital capability results in suboptimal adoption of digital technologies, even 
though internet access is increasing. Similarly, the literature has highlighted how digital 
transformation tools are reshaping business operations, including through big data, AI, automated 
processes, and social media networks (OECD, 2019, 2025). In addition, technology not only helps 
MSMEs expand their markets but also enables greater operational efficiency and data-driven 
decision-making (Chung et al., 2024; Liu et al., 2024). 

Digital transformation can expand MSME market access through e-commerce platforms 
and digital marketplaces, allowing MSME entrepreneurs to reach and engage with a wider range 
of consumers both domestically and internationally. Digital marketing is carried out by utilizing 
digital technologies to reach a wide range of consumers (Dewi & Nasution, 2023). Based on 
previous research, MSMEs that have undergone digital transformation have significant 
opportunities to expand their product sales. Digital transformation in the MSME sector, such s 
Collaboration among MSMEs, technology providers, educational institutions, and the government 
is key to overcoming these challenges. For example, the development of AI platforms that are more 
affordable and easier to use specifically for MSMEs, as well as large-scale training programs, can 
help address these challenges (Azaria et al., 2025; Sibuea, 2025; Susanti & Frastika, 2025). 

Social media platforms such as Facebook, Instagram, and TikTok are utilized by 
entrepreneurs. These channels enable direct interaction with consumers, allowing them to 
promote their products and obtain feedback (Belás et al., 2021; Bruce et al., 2023). Social media 
has compelled individuals and organizations to alter their communication strategies, engage with 
consumers, build brands, and promote products (Juwita et al., 2025; Macías Urrego et al., 2024; 
Safitri, 2025). 

The use of gig workers by the MSME sector is also part of the ecosystem and business chain 
supporting MSME operations. Gig workers are often engaged as freelancers, providing services 
such as production, logistics, and delivery of goods for MSMEs. The gig economy has become 
increasingly important in e-commerce and other industries, where gig workers provide on-
demand services, including order delivery and transportation (Viswanathan, 2022). 

This study aims to test the structural relationships among digital literacy, AI adoption, 
digital transformation, and MSME business performance using partial least squares structural 
equation modeling (PLS-SEM), while using qualitative evidence to contextualize the quantitative 
model. Specifically, it evaluates whether digital literacy and AI adoption predict digital 
transformation and business performance and whether digital transformation is associated with 
MSME performance in Bogor Regency. 

The benefits of studying digital transformation in relation to digital literacy, AI adoption, 
and business growth include analyzing customer and business attitudes toward AI usage, which 
can influence digital literacy practices and competitive advantages for MSMEs in the modern era. 
These benefits extend across various aspects of the MSME ecosystem. 
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METHOD 
This study adopted a mixed-methods sequential exploratory design in which an initial 

qualitative phase was used to identify context-specific issues and refine the measurement 
framework, followed by a quantitative phase that tested the resulting constructs and hypotheses. 
This sequence was appropriate because the qualitative stage informed instrument development 
and the subsequent quantitative model. 

The research framework was the foundation of thought constructed based on theory, 
facts, observations, and literature reviews, connecting various relevant concepts and variables. 
Specifically:  

 

 
Figure 1. Research Framework: Mixed-Methods Sequential Exploratory Design 

 
Referring to Figure 1, the sequential exploratory design emphasized the development of 

theoretical insights before testing, making it suitable for research contexts in which empirical 
evidence on AI adoption among MSMEs remained limited, especially in developing countries such 
as Indonesia. The study began with qualitative research methods, which were then followed by 
quantitative research methods. 

Consistent with the sequential exploratory design, qualitative data collection and 
interpretation preceded the quantitative PLS-SEM stage. The qualitative findings were used to 
refine the contextual meaning of constructs and indicators, after which the quantitative phase 
evaluated the proposed structural relationships. 

Based on the literature reviewed, this research model adopted a theoretical framework 
that linked digital literacy, AI adoption, and business growth with the business performance of 
MSMEs. Research Hypothesis Include:  
1) Digital Literacy and Digital Transformation (H1)  
2) AI Adoption and Digital Transformation (H2)  
3) Digital Literacy and Business Performance Growth (H3) 
4) AI Adoption and Business Performance Improvement (H4) 
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5) Business Performance Mediating Role of Business Growth (H5) 
These hypotheses were tested to determine whether the proposed relationships were 

statistically supported and to provide empirical findings for the study. 
The population of this study consisted of micro, small, and medium enterprises (MSMEs) 

operating in various business sectors in Bogor Regency, West Java, Indonesia, including the trade, 
services, and manufacturing sectors. The inclusion of participants from various sectors aimed to 
ensure broader research findings. Respondent profiling therefore recorded the business sector, 
location, business age and scale, and the respondent's role so that the composition of the 384-
participant sample could be interpreted alongside the structural results. 

According to the Central Statistics Agency (BPS) of West Java Province, in 2023, there were 
43,138 MSMEs registered under the Bogor Regency Regional Government Cooperatives and 
MSMEs Office. Given the large population, this study applied simple random sampling, ensuring 
that each MSME had an equal probability of being selected as a respondent. 

Using the Slovin formula with a 5% margin of error yielded a survey target of 384 MSMEs. 
For the PLS-SEM stage, this sample was also considered adequate relative to the complexity of the 
proposed model because it substantially exceeded common minimum-sample heuristics for a 
model with five structural hypotheses. Nevertheless, the Slovin calculation was treated as a 
population-sampling rationale rather than as the sole justification for PLS-SEM sample adequacy. 

 
Qualitative Data Collection 

Qualitative data were obtained through semi-structured interviews with selected MSME 
owners and managers. These interviews aimed to explore digital literacy practices, perceptions of 
and readiness for AI adoption, and challenges in digital transformation. The qualitative findings 
informed construct development, indicator refinement, and hypothesis formulation. 

 
Data Analysis Techniques 

Data analysis was a systematic process of analyzing, processing, and interpreting collected 
data to draw valid conclusions. The process included the following stages: 

 
Research Data 

Research data consisted of a collection of observational results used to validate findings 
in a study. Research data included various types of information obtained throughout the research 
process. Primary research data are generally collected through standardized instruments, which 
produce data that can be measured systematically. 

 
Qualitative Analysis 

Qualitative analysis was the process of analyzing data, such as interviews or observations, 
to identify problems, explore opportunities, and provide recommendations for system 
improvement. Qualitative research is a research approach used to analyze natural objects or 
phenomena, in which the researcher acts as the key instrument. 

 
Quantitative Analysis 

Quantitative analysis was a systematic investigation that utilized numerical data and 
statistical techniques to determine relationships between variables and draw conclusions about 
the phenomena under study. This approach aimed to test hypotheses and generate valid 
information. 

 
Mixed-Methods Descriptive Analysis 

Mixed-methods research was a research approach that combined qualitative and 
quantitative methods within a single study to obtain comprehensive and in-depth findings 
regarding the object being studied. 

 
Quantitative Data Collection 

Quantitative data were collected using a structured survey questionnaire completed by 
MSME owners, managers, or business actors in Bogor Regency. Responses were measured using 



 
Tommy Kurniawan, Tanty Oktavia Digital Transformation... 

 

INKUBIS: Jurnal Ekonomi dan Bisnis | 3228  

a five-point Likert scale, ranging from strongly disagree (1) to strongly agree (5). 
 

Table 1 
Operational Research Table 

Variable Indicator Scale 
(Likert) 

Source Operational Definition 

Digital 
Literacy  
  
  

Frequency of digital 
platform updates 
(web/app)  

1–5 Adapted 
from Bhalla 
(2025)  
  

The level of continuous 
updates and 
development of digital 
technology by MSMEs.  
  
  

Repeated testing of 
digital 
features/services  

1–5 

Response to 
customer digital 
feedback  

1–5 

Artificial 
Intelligence 
(AI) 
Adoption  

Use of AI- based 
recommendation 
systems  

1–5 Adapted 
from 
Sánchez et 
al. (2025)  

According to the literature, 
efficiency, productivity, 
enhanced safety, 
innovation, and better 
outputs are among the 
expected AI’s benefits for 
businesses.  

  
Before full-scale distribution, a pilot study involving approximately 100 MSMEs was 

conducted to ensure the clarity, relevance, and comprehensibility of the questionnaire items. 
The measurements were evaluated using PLS-SEM criteria. Convergent validity was 

assessed based on factor loadings of ≥ 0.70 and an Average Variance Extracted (AVE) of ≥ 0.50. 
Reliability was assessed using Cronbach's alpha and composite reliability, with both values 
required to be ≥ 0.70. Discriminant validity was assessed using the Fornell–Larcker criterion and 
the Heterotrait–Monotrait ratio (HTMT), with an HTMT value of ≤ 0.90 considered acceptable. 

Responses were measured using a five-point Likert scale. The data were analyzed using 
partial least squares structural equation modeling (PLS-SEM) and, where applicable, multiple 
regression. Hypothesis testing was conducted using regression coefficients (β) and statistical 
significance (p-values). 

General Multiple Regression Formula: 
 

Y = β₀ + β₁X₁ + β₂X₂ + β₃X₃ + ε 
 
 
in which: 
Y: MSME business growth/performance 
X₁: Digital Transformation 
X₂: Digital Literacy 
X₃: AI Adoption 
ε: Error term 
 
Before full implementation, the indicators were validated through validity and reliability 

tests. The data collection instruments consisted of surveys administered to MSME units and 
community members, interviews with MSME owners and business actors, and a case study of one 
selected MSME unit. These methods were used to examine the relationships among digital 
literacy, AI adoption, digital transformation, and MSME business performance. 
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RESULTS AND DISCUSSION 
A total of 384 respondents completed the questionnaire, and 100 respondents were 

interviewed. All respondents were MSME actors in Bogor Regency. The following presents the 
results of the interviews and surveys conducted with the respondents, which were processed 
using the SEM-PLS application. 

 

 
Figure 2. Interview Result Processing with SEM-PLS Application 

 

 
Figure 3. Results of questionnaire data processing in the SEM-PLS application 

 
Based on the results obtained from the respondents in this study, the validity and 

reliability of the research instrument were assessed using Confirmatory Factor Analysis (CFA). 
The results indicate adequate convergent validity, as all indicators have factor loadings > 0.70 and 
Average Variance Extracted (AVE) values > 0.50. In addition, Cronbach’s alpha and composite 
reliability values > 0.70 confirm that the instrument is reliable. The descriptive analysis of the 
variables produced the following mean scores: 

 
Table 2  
Mean Value of Research Variables 

Variable Mean Category 
Digital Transformation  3.82 Good  
Digital Literacy  3.56 Fair  
AI Adoption  3.21 Low–Moderate  
MSME Performance  3.74 Quite Good  
Gig Worker Role  3.65 Moderately Significant  

  
From the results presented in the table 2, digital transformation had the highest mean 

score, while AI adoption remained relatively low. This suggests that basic digitalization is easier 
to implement than AI adoption, which requires more advanced skills. Data analysis using SEM-
PLS was conducted to test the hypotheses. The results are in table 3. 

 
Table 3 
SEM-PLS Hypothesis Testing Result 

Hypothesis Path Effect Coeff β p-value Desc 
H1 Digital Literacy → Digital Transformation 0,704 0,066 0,313 
H2 AI Adoption → Digital Transformation 0,933 0,064 0,238 
H3 Digital Literacy → MSME Business 

Performance 
0,949 0,035 0,138 

H4 AI Adoption → MSME Business Performance 0,971 0,032 0,124 
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Hypothesis Path Effect Coeff β p-value Desc 
H5 Digital Transformation → MSME Business 

Performance 
0,995 0,054 0,194 

 
The results of the SEM-PLS hypothesis testing indicate that the hypothesis table must be 

interpreted using the reported p-values. Because H1 = 0.313, H2 = 0.238, H3 = 0.138, H4 = 0.124, 
and H5 = 0.194, none of the five paths is statistically significant at the p < 0.05 level. 

The reported SEM-PLS results do not support the claim that the independent variables 
have statistically significant direct effects at the 5% significance level. Although the estimated path 
coefficients are positive, all reported p-values for H1–H5 exceed 0.05; therefore, the hypotheses 
should be treated as unsupported by the present significance tests. 

The role of gig workers also moderates the relationships, particularly those involving 
digital transformation and AI adoption. 

No variable should be described as statistically “dominant” on the basis of the current 
hypothesis table alone. A dominance claim would require a consistent comparison using validated 
path coefficients together with effect sizes or an importance-performance analysis; those 
statistics are not reported here. 
1) Digital Transformation → MSME Performance 
2) Supply Chain and Gig Economy in E-Commerce: The gig economy is increasingly important in 

e-commerce, particularly for order delivery. This study also confirms that MSMEs in Bogor 
Regency that are more active on e-commerce platforms experience higher revenue growth. 

3) Digital Literacy → MSME Performance 
4) AI Adoption → MSME Performance 
5) Aligned with OECD (2019) and OECD (2025), digital literacy plays a critical role in MSME 

adaptability. In Bogor Regency, challenges remain, particularly in cybersecurity and digital 
marketing practices. 

6) Gig Worker Role as a Moderator 
7) Gig workers provide flexibility that supports MSMEs. 
8) Research Implications 
9) Local governments and relevant institutions should provide digital literacy and AI training. 

Collaboration between MSMEs and gig workers should be facilitated to create a 
sustainable digital business ecosystem. Additionally, financial support for AI technology adoption 
needs to be expanded. 

 
Digital Transformation 

Digital transformation shows a positive estimated relationship with MSME performance, 
but the reported hypothesis table does not establish statistical significance at p < 0.05. The result 
should therefore be interpreted as a directional estimate rather than as evidence of a statistically 
significant causal effect. 

The use of technology directly expands market reach, which was previously limited to 
physical locations. From e-commerce and social media marketing to digital payments, digital 
transformation affects not only sales volume but also operational efficiency. This can improve 
profitability and competitiveness. Digital transformation refers to the adoption of digital 
technologies to enhance operational efficiency, expand market reach, and improve 
competitiveness (Sánchez et al., 2025; Sharma et al., 2024). 

 
Digital Literacy 

Digital literacy is theoretically relevant to MSME performance and is positively 
represented in the model, but the reported p-value for its direct relationship with business 
performance exceeds 0.05. The present data therefore do not support a statistically significant 
direct effect at the conventional significance threshold. 

This indicates that the higher the level of digital literacy among MSMEs, the greater their 
opportunities to maximize the use of digital technology to support their business activities. This 
finding aligns with research by the OECD (2019) and OECD (2025), which emphasizes that digital 
literacy is related not only to technical skills but also to an understanding of security, ethics, and 
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critical thinking when utilizing technology. The results of the qualitative interviews in this study 
also support the quantitative findings, with most respondents acknowledging that the main 
obstacle to utilizing digital platforms is not the availability of technology but rather the ability of 
human resources to operate and integrate it into the business. 

Furthermore, digital literacy and innovation significantly influence competitive advantage 
and business sustainability. This demonstrates that the use of digital technology, digital literacy, 
and digital marketing can positively affect the performance of SMEs, with the use of digital 
marketing having the greatest impact. By emphasizing the advancement of digital technology, 
employee digital literacy, and the use of digital marketing to enhance performance and maintain 
sustainable growth, the study’s findings also offer SMEs strategies for improvement (OECD, 2021; 
Reddy et al., 2023). This is also confirmed by research by Zahoor et al. (2023). 

Among MSMEs in Bogor Regency, this is reflected in respondents with high levels of digital 
literacy, who are quicker to adapt to the use of e-commerce, social media, and digital cashier 
applications to expand their market networks. 

 
Artificial Intelligence (AI) Adoption 

AI adoption remains an important strategic capability for MSMEs, but the reported 
structural model results do not support a statistically significant direct effect on MSME 
performance at p < 0.05. Discussion of AI should therefore emphasize its practical potential and 
the need for stronger empirical confirmation rather than claim statistical significance based on 
the current model. 
 

CONCLUSION 
This study examined digital literacy, AI adoption, digital transformation, and MSME 

business performance in Bogor Regency through a mixed-methods design. The descriptive 
findings indicate that digital transformation is more established than AI adoption among 
respondents; however, the SEM-PLS hypothesis table reports p-values above 0.05 for H1–H5. 
Accordingly, the current quantitative evidence does not support claims that the proposed direct 
paths are statistically significant, and the contribution of the study lies primarily in mapping 
digital-readiness conditions and identifying relationships that require more rigorous 
confirmation. 

The study is limited to a cross-sectional sample from Bogor Regency and does not fully 
account for regulatory, financing, cultural, or broader digital-ecosystem factors. Future research 
should use validated measurement models, report complete SEM-PLS statistics, including path 
coefficients and effect sizes, test larger or multi-region samples, and employ longitudinal designs 
to determine whether digital literacy, AI adoption, and digital transformation produce sustained 
changes in MSME performance over time. 
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