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Micro, Small, and Medium Enterprises (MSME) face various challenges in digital
transformation, such as unintegrated business processes, limited data utilization in
decision-making, and low adoption of intelligent technology. This study aims to develop
an artificial intelligence (Al)-based MSME information system that integrates Human-
Machine Interaction (HMI) principles to support the realization of a Smart MSME
ecosystem. The developed system is equipped with Al features, including sales
predictions, customer analysis, product recommendations, promotion recommendations,
and Al chatbots, emphasizing ease of user interaction, interface consistency, and usability
aspects. System development was carried out using the Prototyping Model and evaluated
through User Acceptance Testing (UAT) involving 20 respondents consisting of MSME
actors, administrators, and end users. The evaluation instrument covers six aspects, namely
usability, system performance, Al acceptance, business decision support, security, and
user satisfaction. The results showed that the system achieved a user acceptance rate of
89.19%, which is included in the Very Acceptable category. The business decision support
aspect received the highest score of 89.83%, followed by system performance at 89.50%
and user satisfaction at 89.33%. These results indicate that the integration of Al and HMI
principles can improve user experience, technology acceptance, operational efficiency,
and support data-driven business decision-making. This study demonstrates that a user-
oriented Al-based system can support digital transformation and enhance the
competitiveness of MSMEs in the Smart MSME ecosystem.

1. INTRODUCTION

information management, and limited use of digital
technology are key obstacles to increasing business

Micro, Small, and Medium Enterprises (MSME) are one of
the main pillars of the national economy, which have a
significant contribution to economic growth, job creation, and
equitable development [1]. In addition to acting as a driver of
the local economy, MSME also serves as a platform for the
development of various superior regional products, such as
culinary delights, handicrafts, traditional textiles, souvenirs,
and various other creative products [2]. The existence of
MSME not only contributes to Gross Domestic Product (GDP),
but also plays a role in strengthening national economic
resilience through community empowerment and local
wisdom-based economic development [3]. Therefore,
increasing the competitiveness of MSME is a strategic agenda
in supporting sustainable economic growth.

Despite their significant potential, most MSME still face
various challenges in running their businesses. Limited market
access, low marketing effectiveness, suboptimal business

1763

competitiveness [4-6]. Furthermore, many MSME still rely on
conventional marketing methods, making it difficult to reach
a wider consumer base and obtain market information quickly
and accurately. This situation demonstrates the need for
technological support that can improve operational
effectiveness and expand market opportunities in the digital
economy era.

The development of digital technology has opened up new
opportunities to increase the productivity and competitiveness
of MSME. The use of digital platforms, social media, e-
commerce technology, and web-based information systems
enables businesses to expand their marketing reach, improve
customer service quality, and optimize business data
management. Digital transformation also drives a paradigm
shift from conventional business management to more
integrated, responsive, and data-driven management [7-9]. In
this context, information systems play a crucial role as a means
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of connecting businesses with customers, while also
supporting more effective decision-making processes.

Digital transformation has become a strategic agenda for
enhancing the competitiveness of MSME in various countries.
The use of digital technology serves not only as a marketing
tool but also as an enabler for business process integration,
supply chain management, customer behavior analysis, and
data-driven decision-making [10]. Various studies have shown
that adopting digital technology can increase productivity,
expand market reach, and strengthen the resilience of MSME
in the face of increasingly complex economic dynamics.
However, the success of digital transformation is determined
not only by the availability of technology but also by the
ability of users to adopt and utilize it effectively [11].

In recent years, artificial intelligence (Al) has emerged as
one of the most influential technologies supporting digital
transformation. Al enables systems to automatically analyze
data, identify customer behavior patterns, generate more
personalized recommendations, and provide real-time
decision-making support [12]. In the MSME sector, the
application of Al has the potential to help businesses overcome
human resource constraints, improve operational efficiency,
and accelerate response to changing market needs.
Technologies such as intelligent chatbots, recommendation
systems, customer analytics, and sales forecasting are
becoming increasingly relevant solutions to support more
adaptive and competitive business management.

However, the implementation of AI in MSME
environments still faces various challenges. Most MSMEs
have varying levels of digital literacy, often struggling to
understand and utilize Al-based features. Many digital
systems offer advanced analytical capabilities, but pay little
attention to how information is presented and how users
interact with them. As a result, even technically high-
performance technologies do not always translate to high user
acceptance. This demonstrates that the success of Al
implementation depends not only on technological
sophistication but also on the quality of the interactions
between humans and systems.

Various previous studies have developed digital platforms
to support MSME marketing and management through e-
commerce technology, business information systems, and Al-
based applications [2, 13]. However, most research still
focuses on the functional aspects of systems and improving
digital services without considering the quality of user-system
interactions. Furthermore, the implementation of Al on
MSME platforms is generally limited to specific automation
functions and has not been fully integrated to support user
experience and business decision-making. As a result, many
digital systems are technically functional but fail to provide an
optimal user experience for MSME with varying levels of
digital literacy. This gap highlights the need to develop
Electronic Micro, Small, and Medium Enterprises (E-MSME)
platforms that are not only technologically intelligent but also
designed based on user needs and characteristics.

In this context, Human-Machine Interaction (HMI) is
becoming an increasingly important aspect in the development
of Al-based systems. HMI emphasizes how systems are
designed to support effective, intuitive, easy-to-learn
interactions that are tailored to user needs. In Al-based
systems, the quality of interaction is crucial because the
information generated by the system must be understandable,
trustworthy, and usable by users in the decision-making
process [14]. HMI principles such as ease of use, interface
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consistency, reduced cognitive load, ease of learning, and
increased user satisfaction play a crucial role in increasing
technology acceptance. However, the application of HMI to
Al-based MSME digital platforms is still relatively limited and
has not been widely explored in previous research, particularly
in supporting the development of the Smart MSME ecosystem.

Based on the problems and research gaps, this study aims to
develop an Al-based E-MSME information system that
integrates the principles of HMI to support the realization of a
Smart MSME ecosystem. The developed system is equipped
with various Al features, such as AI chatbots, product
recommendations, promotion recommendations, customer
analysis, and sales predictions, designed to help MSME
manage business activities more effectively. In addition, the
system is designed with usability and user experience aspects
to improve the quality of interaction between humans and the
system.

The main contributions of this research include three
aspects. First, this research develops an E-MSME information
system that integrates various Al services in a single integrated
digital platform. Second, this research applies the principles of
HMI in designing user interfaces to improve the quality of
interaction, ease of use, and technology acceptance by MSME
actors. Third, this research evaluates the level of user
acceptance of the system through a User Acceptance Testing
(UAT) approach that covers aspects of usability, system
performance, Al acceptance, business decision support,
security, and user satisfaction. The results of this research are
expected to provide theoretical and practical contributions to
the development of a Smart MSME ecosystem that is more
adaptive, user-oriented, and able to support sustainable digital
transformation.

2. LITERATURE REVIEW

2.1 Smart Micro, Small, and Medium Enterprises (MSME)
concept and digital transformation of Indonesian MSME

Digital transformation has become a crucial factor in
enhancing the competitiveness and sustainability of MSME in
the technology-driven economy. Advances in digital
technology enable MSME to optimize business processes,
expand market access, improve service quality, and leverage
data for decision-making [13, 15]. In its development, digital
transformation is no longer limited to the digitization of
business processes, but has evolved towards the concept of
Smart MSME, which integrates intelligent technology in
operational and managerial activities.

Smart MSME refers to a business ecosystem that leverages
integrated information systems, AlI, data analytics, and
automation technologies to improve operational efficiency and
support data-driven decision-making [16-18]. By utilizing this
technology, MSME can manage business information more
effectively, understand customer behavior, optimize
marketing strategies, and improve their responsiveness to
changing market needs. Therefore, Smart MSME are seen as
a strategic approach to strengthening MSME competitiveness
in an increasingly dynamic business environment.

One of the technologies that plays an important role in the
development of Smart MSME is Al [18-20]. The integration
of Al through features like chatbots, recommendation systems,
customer analytics, and sales forecasting allows for the
automation of various business activities while improving the



quality of customer service. The presence of Al not only helps
improve operational efficiency but also supports faster, more
accurate, and more adaptive decision-making in response to
changes in the business environment.

However, the success of Smart MSME implementation is
determined not only by the capabilities of the technology used,
but also by the user's ability to interact with the system
effectively. Therefore, the development of a Smart MSME
ecosystem needs to be supported by an HMI approach that
ensures the technology can be used intuitively, is easy to learn,
and is tailored to user needs. The integration of Al and HMI is
a crucial foundation for creating digital systems that are not
only technologically intelligent but also capable of improving
user acceptance and experience in the MSME environment.

2.2 Adoption and implementation of information systems
in Indonesian Micro, Small, and Medium Enterprises

The adoption of information systems is a critical factor in
supporting the digital transformation of MSME and enhancing
business competitiveness. The success of IS implementation is
determined not only by the availability of technology but also
by the level of digital readiness, which encompasses
infrastructure, human resource competency, and the
organization's ability to integrate technology into business
processes [21-23]. In the context of Indonesian MSME, ease
of use, digital competence, and market demand are key
determinants of successful technology adoption.

The development of Al has expanded the role of
information systems from simply managing data to supporting
decision-making. The integration of technologies such as
chatbots, recommendation systems, customer analytics, and
sales forecasting enables MSME to improve operational
efficiency, service quality, and respond to market needs more
quickly and accurately [18, 22, 24].

However, the implementation of Al-based systems still
faces various challenges, particularly the gap between
technological complexity and user capability in utilizing
available features. Many systems possess advanced technical
capabilities, but fail to fully address the quality of user

interactions, resulting in varying levels of technology adoption.

This demonstrates that the success of digital transformation
depends not only on technological sophistication but also on
ease of use and user experience.

Therefore, developing MSME information systems requires
an approach that integrates Al with HMI principles. This
approach allows for systems to be designed to be more
intuitive, easy to learn, and tailored to user needs, thereby
increasing technology acceptance and supporting the ongoing
digital transformation of MSME.

2.3 Al and chatbots for Indonesian Micro, Small, and
Medium Enterprises services

Al has become a key technology driving digital
transformation in MSME. Utilizing Al enables businesses to
optimize limited resources through business process
automation, customer data analysis, recommendation systems,
and data-driven decision-making support [25]. With these
capabilities, Al not only improves operational efficiency but
also helps MSME increase their competitiveness in an
increasingly dynamic business environment.

One rapidly growing implementation of Al is the use of
intelligent as digital customer service. Chatbots are capable of
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providing automated, fast, and consistent responses to
customer inquiries, thereby improving service quality while
reducing operational burdens [26]. In addition to supporting
24/7 customer service, chatbots also play a role in providing
product recommendations, assisting with marketing processes,
and enhancing the user experience on digital platforms.

Despite having various benefits, the effectiveness of chatbot
implementation is not only determined by the technological
capabilities it has, but also by the quality of interaction
between the user and the system [27]. Chatbots that are
difficult to understand, have complex navigation, or are unable
to adapt to the user's communication context can reduce the
technology's acceptance rate. Therefore, chatbot development
on E-MSME platforms requires attention to HMI aspects, such
as ease of use, interface consistency, ease of learning, and user
interaction convenience [28].

In the context of Indonesian MSMEs, the integration of Al-
based chatbots supported by HMI principles has the potential
to improve the quality of digital services while strengthening
technology adoption among businesses with varying levels of
digital literacy. Thus, chatbots function not only as service
automation tools but also as intelligent interaction tools
capable of supporting the transformation toward a Smart
MSME ecosystem.

2.4 Al recommendation systems

Al recommendation systems have emerged as pivotal tools
for enhancing decision-making in MSMEs. Unlike large-scale
enterprise systems, recommendation engines in MSME
environments must operate under significant low-data
constraints, necessitating algorithms that are efficient with
sparse datasets. Recent studies emphasize that for MSME
adoption, these systems must move beyond 'black-box' models
toward explainable Al (XAI), which provides users with
insights into why a specific product or service is recommended,
thereby fostering trust and long-term engagement.
Furthermore, integrating data governance frameworks into
these Al models is essential to ensure the reliability and
security of business operations. By leveraging hybrid
recommendation approaches that combine collaborative
filtering with content-based logic, MSMEs can effectively
personalize their offerings even with limited historical
transaction data [29, 30].

2.5 Chatbot trust and explainability

In the context of MSME-focused Al systems, fostering user
trust is a multidimensional challenge that extends beyond mere
technical accuracy. As MSME owners often operate in
resource-constrained environments, they require Al tools that
are not only performant but also transparent and predictable.
The integration of Explainable AI (XAI) is critical in this
regard; by moving away from 'black-box' models toward
systems that provide human-interpretable justifications for
their recommendations, Al can effectively reduce user
skepticism and promote long-term adoption. For chatbot-
based interactions, providing context-aware and clear
explanations of the decision-making process—such as why a
particular product is recommended or how data is handled
significantly enhances perceived transparency and customer
trust. Consequently, embedding XAI principles into MSME
digital tools serves as a vital strategy to ensure that Al-driven
support is viewed as a reliable, accountable, and trustworthy



business partner [31, 32].
2.6 Data governance and data scarcity

The implementation of Al systems in MSME:s is inherently
challenged by low-data constraints, where the scarcity of high-
quality, labeled historical data limits the training of robust
deep learning models. To overcome this, recent literature
emphasizes the importance of data-efficient Al techniques,
such as transfer learning and synthetic data augmentation,

which allow for effective prediction even with limited datasets.

Concurrently, rigorous data governance is essential to ensure
that data collection and processing in MSME environments
comply with security standards while maintaining data
integrity. Effective governance frameworks help mitigate risks
associated with data privacy and bias, providing a structured
foundation that enables small businesses to leverage their
limited digital assets more strategically for competitive
decision-making [33, 34].

2.7 Human-Machine Interaction in intelligent information
systems

HMI refers to the design and interface that facilitates
communication between the user (human) and the machine
system or application. In the context of MSME information
systems, effective HMI is crucial to ensuring that MSME
stakeholders can operate the system efficiently, increase
productivity, and minimize errors in both data input and
decision-making. Human-Computer Interaction (HCI) is a
subset of HMI that focuses on the design, evaluation, and
implementation of user-oriented interactive computer systems.
One of the main approaches in HCI is User-Centered Design
(UCD), an approach that places user needs, abilities, and
characteristics as the basis for the system development process
[35]. In an MSME environment with varying levels of digital
literacy, this approach is essential to ensure that the system can
be used easily without requiring complex training.

In addition, cognitive ergonomics aspects need to be
considered in designing intelligent information systems.
Cognitive ergonomics focuses on the user's mental processes,
such as perception, information comprehension, and decision-
making [36-38]. Simple information presentation, consistent
navigation, and the integration of Al-based chatbots can help
reduce users' cognitive load, making interactions with the
system more effective [39]. The success of HMI
implementation in information systems is generally measured
through usability aspects, which include ease of learning, ease
of use, interaction efficiency, and user satisfaction. Therefore,
this study applies HMI principles in the design of an Al-based
E-MSME information system to improve user experience,
support technology acceptance, and strengthen the
transformation towards a Smart MSME ecosystem.

3. METHODOLOGY

This study adopts the System Development Life Cycle
(SDLC) using the Prototyping model as the software
development approach (Figure 1). The prototyping model was
selected because it enables iterative development and
continuous user feedback, which are essential for designing
Al-enabled HMI interfaces suitable for MSME users.

The SDLC method has systematic stages and rules in the
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information systems development process. Each stage is
designed to ensure that the system being built can meet user
needs effectively and efficiently [40-42].
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Figure 1. Prototyping model
3.1 Software architecture

The software architecture proposed in this research is
designed using a multi-tier architecture approach consisting of
a presentation layer, an application layer, an Al layer, and a
data layer [24]. This architecture was developed to support the
digital transformation of MSME through the integration of Al
technology into business management processes, digital
marketing, customer analysis, and data-driven decision-
making [23].

Figure 2 shows the software architecture of an Al-based E-
MSME information system designed to support the
transformation towards a Smart MSME. The system
architecture consists of four main components: a Mobile
Application, Backend Server, Al Engine, and Database Layer,
all integrated through a RESTful APIL.

At the application level, users can access services through a
mobile app to manage products, transactions, inventory, and
other business activities. All business processes are managed
by the Backend Server, which includes authentication services,
inventory management, transaction processing, and reporting
and analytics.

The AI layer of the proposed system is designed as an
extensible intelligent service architecture. In the current
implementation, the operational Al functionality is provided
by a Google Gemini-based conversational agent that supports
intelligent interaction between users and the E-MSME
platform. Additional Al services, such as sales forecasting,
product recommendation, customer analysis, sentiment
analysis, anomaly detection, and promotion recommendation,
are included in the architectural design as future intelligent
modules and are outside the scope of the present
implementation [26].
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Figure 2. Al-based Electronic Micro, Small, and Medium Enterprises (E-MSME) information system software architecture

All data is stored in a relational database and integrated with
various external services, such as the QRIS Payment Gateway,
Notification Service, social media, and e-commerce platforms.
With this architecture, the system not only supports MSME
digital operations but also provides intelligent analytics
capabilities that can sustainably improve MSME efficiency,
productivity, and competitiveness.

3.2 AI chatbot implementation

To improve the technical clarity of the proposed Al-enabled

E-MSME information system, this study explicitly
distinguishes between implemented Al components and
planned intelligent services. The Al functionality

implemented in the current version of the system consists of a
Generative Al chatbot powered by the Google Gemini API.
The chatbot supports natural language interaction, business
consultation, product information retrieval, and location-based
assistance through integration with the system's HMI interface
and Geographic Information System (GIS). Unlike
conventional rule-based chatbots, the proposed chatbot
employs Google's Large Language Model (LLM) to perform
semantic language understanding, intent recognition,
contextual reasoning, and natural language generation. User
queries are enriched with contextual information retrieved
from the MSME knowledge base, including product
catalogues, MSME profiles, frequently asked questions (FAQ),
business services, and GIS-based location information, before
being processed by the Gemini model. The software
architecture has also been designed to accommodate additional
Al  services, including sales forecasting, product
recommendation, customer analysis, sentiment analysis,
anomaly detection, and promotion recommendation. However,
these modules represent future system enhancements and have
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not been implemented or experimentally evaluated in the
current study. Consequently, they are presented only as
conceptual extensions of the Al-enabled architecture.

The Al layer of the proposed system is designed as an
extensible intelligent service architecture. In the current
implementation, the operational Al functionality is provided
by a Google Gemini-based conversational agent that supports
intelligent interaction between users and the E-MSME
platform. Additional Al services, such as sales forecasting,
product recommendation, customer analysis, sentiment
analysis, anomaly detection, and promotion recommendation,
are included in the architectural design as future intelligent
modules and are outside the scope of the present
implementation.

3.3 User interface design

The user interface design in the Integrated E-MSME
information system is carried out by prioritizing the principles
of usability, accessibility, user-centred design, and HMI [36,
37]. The interface is designed to provide ease of navigation,
consistent appearance, and an intuitive user experience for all
system actors, namely administrators, MSME, and customers.
Furthermore, the interface design also accommodates the
integration of Al services through the presentation of simple,
informative information and supports data-driven decision-
making processes. The application of HMI principles aims to
reduce cognitive load, increase the ease of system learning,
improve interaction efficiency, minimize user errors, and
increase user satisfaction. With this approach, the system is
expected to increase efficiency of use, reduce interaction
complexity, and improve the user experience in accessing
MSME digital services. The interface design guidelines
applied in this study are presented in Table 1.



Table 1. Guidelines for designing user interfaces in Al-based Electronic Micro, Small, and Medium Enterprises (E-MSME)

information systems

UI Design Aspects

Applied Design Principles

Design Goals in the Context of Smart MSME

Interface Simplicity
Navigation
Layout Consistency

Use of Colour and Icons

Number of Interaction
Steps

System Feedback

Network Condition
Adaptation

Al Insight Dashboard

Al-Based
Recommendations

Minimalist look with relevant and uncluttered visual
elements
Consistent and easy-to-understand menu structure
across all pages
Uniform placement of buttons, icons, and interface
components

Use of contrasting colours and familiar icons

Simplification of transaction processes, recording, and
data management
Provision of notifications and status indicators for each
user action

Local data storage and automatic synchronization

Presentation of Al analytical results in the form of easy-
to-understand visualizations
Automatic presentation of product recommendations,
promotions, and business strategies
Customize displays and recommendations based on

Reduce the cognitive load of users and make it easier
for MSME to operate digital systems
Makes it easier for users to access system features
without requiring intensive training
Improve ease of learning and reduce user interaction
errors
Improve readability of information and speed up
recognition of system functions
Improve operational efficiency and reduce data input
errors
Provides certainty about ongoing processes and
increases user confidence
Ensures continuity of system use even when the
internet connection is unstable.
Helping MSME understand business trends and make
data-driven decisions
Supports faster, more accurate and adaptive decision
making to market conditions.
Improve user experience and relevance of

User Personalization

user profile and activity

information received

Table 1 shows that the interface design is carried out
systematically to support effective interaction between users
and the system, so that it can improve ease of use, operational
efficiency, and user experience in utilizing Al-based Smart
MSME services.

3.4 Evaluation of user acceptance level of Al-based
Electronic Micro, Small, and Medium Enterprises
information system

System testing was conducted using the UAT method to
evaluate the level of user acceptance of the Al-based E-MSME
Information System that had been developed [43]. UAT is a
testing phase aimed at ensuring that the system meets user
needs, both in terms of functionality, ease of use, and the
benefits it provides to support MSME business activities. This
testing involves end users, including MSME, system
administrators, and customers, representing the primary actors
who interact directly with the system.

The UAT implementation was conducted by providing
respondents with a number of usage scenarios to test the
system's key features, such as user authentication, product
management, sales transactions, inventory management,
location-based services, and Al features including product
recommendations, sales predictions, and customer analysis.
After completing each test scenario, respondents were asked
to rate the system using a five-level Likert-based questionnaire,
ranging from 1 (strongly disagree) to 5 (strongly agree).

Aspects evaluated in UAT testing include ease of use, ease
of understanding system features, speed of information access,
accuracy of system functions, interface quality, and the
usefulness of Al features in supporting business decision-
making. Furthermore, testing is conducted to assess user
satisfaction with the overall system experience.

UAT was conducted involving 20 participants representing
the primary stakeholders of the proposed Al-enabled E-
MSME Information System. To ensure a comprehensive
evaluation, the participants were categorized into three groups:
MSME owners 8, system administrators 4, and end
users/customers 8 (Table 2). MSME owners evaluated
business management functions, transaction processing, Al-
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assisted business consultation, and reporting features. System
administrators  assessed user management, system
configuration, data management, and system security. End
users evaluated the usability of the HMI interface, product
catalog browsing, purchasing processes, GIS-based location
services, and interactions with the Google Gemini-based Al
chatbot. This participant grouping ensured that all major
functionalities of the Al-enabled E-MSME Information
System were evaluated from the perspectives of different user
roles and interaction experiences.

Table 2. Participant composition in the user acceptance
testing

Main Features
Evaluated
Product management,
transactions, Al
consultation, reports
User management,

Participant Group Number

Micro, Small, and
Medium Enterprises 8
(MSME) Owners

System Administrators 4 security, database
Product browsing, GIS,
End Users 8 Al chatbot
Total 20

In addition to evaluating user acceptance, this study also
interprets UAT results from an HMI perspective. This
approach is used to assess the quality of interaction between
users and Al-based systems without adding new measurement
instruments. The HMI dimensions analysed include ease of
interaction, ease of system learning, user cognitive load,
interface consistency, and user control over the system. These
dimensions are represented through usability indicators,
system performance, and user satisfaction that have been
evaluated in the UAT process. The UAT questionnaire can be
seen in Table 3.

3.4 Validity and reliability of the instrument
The research instrument used to measure user acceptance

(UAT) consists of 36 statement items developed to evaluate
system effectiveness. To ensure data quality, this instrument



has undergone a series of testing procedures as follows:

was conducted to ensure that the instrument is

a. Content Validity: Content validity was conducted capable of providing consistent results when
through an expert review by a panel consisting of measurements are performed repeatedly. The
academic supervisors and practitioners in the field of reliability test was carried out using the Cronbach’s
information systems. This process ensures that each Alpha coefficient. The results of the instrument
of the 36 statement items has strong relevance to the testing show reliability values above the 0.70
constructs being measured, namely System threshold, which indicates that the instrument has a
Functionality, Ease of Use, and User Satisfaction. good level of reliability and is suitable for use in this

b. Reliability Test: Internal consistency testing study.
Table 3. User acceptance testing questionnaire
No. Code Aspect Statement Type
1 Ul Usability The E-MSME Information System is easy for users to learn. Positive
2 U2 Usability The system menus and features are easy to understand and use. Positive
3 U3 Usability System navigation helps users find information quickly. Positive
4 UNI1 Usability The E-MSME Information System is difficult for new users to learn. Negative
5 UN2 Usability The menus and features on the system are confusing to use. Negative
6 UN3 Usability System navigation makes it difficult for users to find the information they need. Negative
7 SP1 System Performance The system runs stably during use. Positive
8 SP2 System Performance The system is able to process transactions quickly. Positive
9 SP3 System Performance The system responds well to user commands. Positive
10 SN1 System Performance The system often experiences problems during use. Negative
11 SN2 System Performance The transaction process on the system is running slowly. Negative
12 SN3 System Performance The system is often late in responding to user commands. Negative
13 All Al Acceptance Al-generated product recommendations are relevant to user needs. Positive
14 Al2 Al Acceptance Sales predictions provided by Al are beneficial for businesses. Positive
15 Al3 Al Acceptance The results of Al analysis are easy for users to understand. Positive
16  ANI1 Al Acceptance Al-generated product recommendations do not match user needs. Negative
17  AN2 Al Acceptance Sales predictions provided by Al do not provide benefits to businesses. Negative
18  AN3 Al Acceptance The information generated by Al is difficult for users to understand. Negative
19 BD1 Busmsejls)rl,?)erflsmn The system helps make business decisions more effectively. Positive
20 BD2 Business Decision The customer analysis provided by the system helps in developing marketing Positive
Support strategies.
21 BD3 BusmSej;I])DOf:t:lsmn The promotional recommendations provided by the system support increased sales. Positive
22 BNI BusmSej;I])DOf:t:lsmn The system does not help in business decision making. Negative
23 BN2 Business Decision The customer analysis provided by the systqm is less useful in developing marketing Negative
Support strategies.
24 BN3 Business Decision The promotional recommendations provided by the system do not support increased Negative
Support sales.
25 SC1 Security Account data and business data are stored securely in the system. Positive
26 SC2 Security Login and authentication mechanisms provide a sense of security to users. Positive
27 SC3 Security The system is able to maintain the conﬁdegtiality of user information and business Positive
transactions.
28 SNCI Security I am worried that my account data and l;)z:tiineesss data can be accessed by unauthorized Negative
29  SNC2 Security The system's security mechanisms are less than convincing to use. Negative
30 SNC3 Security The system is not yet able to guarantee the ;ecurity of user information and business Negative
transactions.
31 US1 User Satisfaction I am satisfied using the Al-based E-MSME Information System. Positive
32 uS2 User Satisfaction The system meets my business operational needs. Positive
33 US3 User Satisfaction I am willing to use this system on an ongoing basis. Positive
34 USNI User Satisfaction I am not satisfied using the Al-based E-MSME Information System. Negative
35 USN2 User Satisfaction The system is not yet able to meet the operational needs of my business. Negative
36  USN3 User Satisfaction I have no interest in using this system on an ongoing basis. Negative

The summary of the reliability test results is presented in

Table 4.

By implementing the validity and reliability procedures

Table 4. Validity and reliability of the instrument

User Acceptance Testing (UAT) Dimension Number of Items Cronbach’s Alpha Description
System Functionality 12 0.85 Reliable
Ease of Use 12 0.82 Reliable
User Satisfaction 12 0.88 Reliable

outlined above, this study ensures that the data obtained from

the UAT instrument maintains a high level of confidence and
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is valid for analysis. These methodological steps are designed



to minimize subjective bias and ensure that the presented
system evaluation results are an objective reflection of user
perceptions regarding the functionality and ease of use of the
developed system.

4. RESULTS AND DISCUSSION

Initial research was conducted through interviews and
observations to collect and directly observe research objects
related to MSME for analysis and design needs, supported by
literature studies as a reference and conceptual and theoretical
basis for developing Smart MSME applications through E-
MSME based on Al chatbots in accordance with functional
needs that describe how the application is built.

4.1 Unified Modeling Language

Figure 3 shows a use case diagram of an Al-based E-MSME
information system, depicting the interactions between actors
and the system's main functions. The system involves four
actors: Admin, MSME, Buyer, and Cinder Batik AI. The
admin is responsible for user management and system
oversight, while the MSME manages the product catalog,
orders processing, and product delivery. Buyers can access
product information, place orders, and monitor delivery status.

>
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M.ﬂ-N.ﬂ]EMENl
PENGGUNA

/

Ef

o 4.
Al
CINDUR BATIK
PEMBELI

\\- PENGIRIMAN PRODUK
\‘ LOKASI (SIG) ./

Figure 3. Unified Modeling Language (UML)

In addition, Cinder Batik's AI module functions as an Al
component that supports business processes through data
processing, product recommendations, and analysis of
information related to marketing and transaction activities.
Overall, this diagram shows that the system is designed to
integrate marketing, transactions, product distribution, and
location-based services into a single, integrated digital

platform to improve operational efficiency and support the
development of Smart MSME.

4.2 Al chatbot interface

Figure 4 displays the interface of the Intelligent MSME Al
Chatbot developed as a key component of the Al-based E-
MSME Information System. This feature integrates Natural
Language Processing (NLP) technology and GIS-based spatial
data to provide interactive business consulting services,
product information searches, and marketing
recommendations.

Through an Al-based conversational mechanism, users can
obtain local product information, market area analysis, and
business strategy recommendations based on location and
business needs. The integration of Al and spatial information
enables the system to generate more contextual
recommendations, thus supporting faster, more accurate, and
data-driven decision-making. Thus, the chatbot functions not
only as a user interaction medium but also as a decision-
support tool that supports the implementation of the Smart
MSME concept through the use of Al and spatial analytics.

' 3
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Figure 4. Intelligent MSME Al chatbot interface on E-

MSME information system based Al
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises

4.3 Functional evaluation of the Al chatbot

To verify the operational capability of the implemented Al-
enabled component, functional testing was conducted on the
Google Gemini-based chatbot. The evaluation focused on the
chatbot's ability to execute its primary functions within the E-
MSME Information System according to predefined
functional scenarios. The functional test scenarios and their
corresponding expected outcomes are summarized in Table 5

Table 5. Functional evaluation of the Al chatbot

Test Scenario Expected Result Result
Product information query Product information displayed correctly Success
MSME location search Correct MSME location returned Success
Business consultation Relevant business recommendation generated  Success
FAQ retrieval Correct answer generated Success
Promotional information query  Relevant promotional information displayed  Success

Functional testing demonstrated that the implemented
Google Gemini-based chatbot successfully handled all
predefined business scenarios. The chatbot was able to retrieve
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product information, identify MSME locations using GIS data,
provide business consultation, answer frequently asked
questions, and present promotional information appropriately.



These results confirm that the implemented Al-enabled
component operated correctly and fulfilled the intended
functional requirements of the proposed E-MSME
Information System.

4.4 Login interface

Figure 5 shows the Login page interface, which serves as a
user authentication mechanism before accessing the Al-Based
E-MSME Information System service. This page requires
users to enter a username or email address and password
registered with the system. Additionally, a Remember Me
feature is available to simplify the authentication process for
subsequent use, and a password visibility feature helps users
verify the entered password. The implementation of the login
page aims to ensure the security of system access through a
user identity verification process. This authentication
mechanism allows the management of different access rights
for administrators, MSME actors, and other users, thus
maintaining data security and transaction activities. With a
simple and intuitive design, the login page is designed to
improve ease of use while supporting a better user experience
in accessing MSME digital services.

Username or Email Address

Password

| ud

) Remember Me

Lost your password?

— Go to Batambatik

Figure 5. Login form
4.5 Main menu

Figure 6 shows the main interface of the Al-Based E-
MSME Information System, which serves as a central point of
access for users to obtain information on products, services,
and digital features available on the platform. The main page
is designed with a user-centered design approach to provide a
simple, responsive, and easy-to-understand user experience.

The navigation section features Home, Shop, About Us,
Blog, and Contact Us, making it easy for users to access
various services and information in a structured manner.
Furthermore, the main page displays featured products as a
promotional tool and increases MSME's product visibility to
potential customers.

One of the key features that distinguishes this system from
conventional MSME platforms is the integration of an Al
Chatbot, displayed on the right side of the interface. This Al-
based chatbot functions as a virtual assistant capable of
providing product information, answering user questions, and
providing real-time service recommendations and support.
This feature integration supports improved customer service
quality and strengthens the implementation of the Smart
MSME concept through the use of Al technology.
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Figure 6. Home page of Al-based E-MSME information

system
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises

4.6 Product catalog

Figure 7 shows the product catalog page interface, which
serves as the primary medium for displaying and managing
MSME product information available on the E-MSME
platform. This page is designed to make it easier for users to
browse, search, and select products based on their desired
category through systematic search and product grouping
features.

Home > Products

Products

o DATERS
3 § 4
>

Figure 7. Product catalog page on Al-based E-MSME
information system
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises

The product catalog displays product information in a
structured visual format, making it easier for users to explore
and compare products. Furthermore, the system provides a
filtering feature based on product categories, such as hand-
drawn batik and printed batik, to improve information search
efficiency. This approach aims to enhance the user experience
while speeding up the process of discovering relevant products.

As part of the Smart MSME concept, the product catalog
page is also integrated with an Al Chatbot service, allowing
users to receive product recommendations, featured product
information, and interactive search assistance. This integration
supports service personalization and enhances digital
marketing effectiveness through the use of Al technology.

4.7 Shopping cart page

Figure 8 shows the shopping cart interface, which serves as
a transaction management tool before users proceed to
checkout. This page automatically displays information about
the selected product, including the product name, price,
purchase amount, subtotal, and total transaction.

The shopping cart feature allows users to add or reduce the
number of products, remove products from the cart, and apply
available promotional coupons. The system automatically
calculates the total transaction cost based on the number of



products selected, making it easy for users to verify their order
before checkout. The simple and informative interface design
aims to enhance ease of use and reduce the potential for
transaction errors.

In the implementation of an Al-Based E-MSME
Information System, shopping cart transaction data is also
utilized as a data source for customer behaviour analysis,
product recommendations, and sales forecasting. Thus, the
shopping cart feature not only supports digital transaction
processes but also contributes to the development of intelligent
services that support MSME operational optimization.

Preduct

Appty coupen

Cart totals

Subtotal

Figure 8. Shopping cart page in Al-based E-MSME

information system
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises

4.8 Al chatbot features in the E-MSME information
system

Figure 9 shows the E-MSME AI Chatbot interface, which
functions as a virtual assistant to support real-time user-system
interactions. This feature was developed using Al and NLP
technology to understand user queries and provide relevant
responses based on business needs and product information.

Al chatbots enable users to obtain product information,
order status, product recommendations, and assistance with
services available on E-MSME platforms without having to
manually search. Furthermore, chatbots can provide more
personalized recommendations based on user interaction

history and preferences, improving service quality and the user
experience.

Hi there §)

Welcome to our website. Ask us anything

Chat with us

We typically reply within a few minutes

(]

Chat

LYRO Al AGENT

Figure 9. Al chatbot interface in Al-based E-MSME

information system
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises

In the context of Smart MSME, chatbots serve as a digital
customer service tool that can improve responsiveness,
communication efficiency, and information accessibility. The
integration of Al into this feature not only helps users obtain
information quickly but also supports marketing strategies and
data-driven decision-making through automated, 24/7
consultation services.

4.9 System scope and implementation status

To clarify the extent of our research implementation and
align the stated contributions with the system's demonstrated
functions, we distinguish between operational functionalities
(which were developed and tested in this study) and
conceptual functions (which are proposed for future
development). This classification is detailed in Table 6 below:

Table 6. System function classification

Function Category

Feature Description

Implementation Status

Operational & Tested User Authentication (Login) Tested
Operational & Tested Product Catalog Management Tested
Operational & Tested Shopping Cart System Tested
Operational & Tested Chatbot Interface Tested
Conceptual/Future Al-Based Market Sentiment Analysis Conceptual
Conceptual/Future Personalized Product Recommendations Conceptual
Conceptual/Future Automated Price Optimization Conceptual

The operational features listed above have been fully
implemented and subjected to UAT. Meanwhile, the
conceptual features are part of the long-term development
roadmap for the E-MSME Information System. This phased
approach ensures that fundamental HMI design and usability
are validated before integrating complex Al-driven
computational layers.

4.10 System performance testing

To address the technical stability of the system, we
conducted objective performance monitoring during the
testing phase. Table 7 presents the measured performance
indicators, providing a technical baseline for system response
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and efficiency. These measurements demonstrate that the
system maintains acceptable latency and transaction speed
within the tested environment. While our study focuses on the
user perception dimension, these objective indicators serve as
a foundation for future technical optimizations and high-
concurrency stress testing.

Table 7. System performance testing

Performance Indicator Measurement (Average)

Page Load Time (Catalog) 1.2 seconds

Transaction Completion Time 3.5 seconds

Chatbot Response Time 0.8 seconds
API Latency <200 ms




4.11 Usability analysis of Al-based E-MSME information
system applications

UAT Score per Respondent
A ation Systom

[-Basod E-MSME Inform
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]
]

User Acceptance Testing (UAT) respondent score

UAT Score (%)
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Figure 10.

User acceptance testing was conducted using the UAT
method to evaluate the level of user acceptance of the Al-
based E-MSME information system (Figure 10). The testing
involved 20 respondents consisting of MSME, system
administrators, and end users. The testing instrument consisted
of 36 statements covering aspects of usability, system
performance, Al acceptance, business decision support,
security, and user satisfaction. The detailed UAT results for
each evaluation aspect, including the actual score, maximum

score, and acceptance percentage, are presented in Table 8.

Each respondent provided an assessment using a five-level
Likert scale, namely Strongly Disagree (1), Disagree (2),
Neutral (3), Agree (4), and Strongly Agree (5). For negative
statements, a reverse scoring process was carried out before
calculations were conducted.

Following the completion of the HMI design phase, we
conducted an evaluation to measure the system's effectiveness
and usability for end-users (MSMEs). The evaluation involved
20 respondents over a 14-day period. The results of the system
performance measurements are presented in Table 9.

Based on these results, the system demonstrated a high task
completion rate. However, throughout the testing process, we
also identified several challenges encountered by the users. An
analysis of these errors and the corresponding design iterations
implemented during the testing period are summarized in
Table 10.

This iterative process demonstrates that the HMI
development in this study was conducted using a UCD
approach rather than a merely declarative design, thereby
enhancing the system's reliability in real-world scenarios.

Table 8. User Acceptance Testing (UAT) results based on aspects

Testing Aspects Number of Items  Actual Score Maximum Score Percentage
Usability 6 535 600 89.17%
System Performance 6 537 600 89.50%
Al Acceptance 6 531 600 88.50%
Business Decision Support 6 539 600 89.83%
Security 6 533 600 88.83%
User Satisfaction 6 536 600 89.33%
Total 36 3,211 3,600 89.19%

Table 9. Usability performance metrics of the proposed system

Task Completion Rate (%) Mean Task Time (seconds) Error Rate (per user)
Registration & Authentication 100% 40 0.1
Al-based Product Search 95% 25 0.3
Transaction Data Input 90% 110 1.5
Financial Report Generation 85% 85 0.9

Table 10. Error analysis and corresponding design iterations

Error/Problem Impact on Users

Design Iteration

Input errors in the price field
Difficulty locating report features
Al responses were too technical
Users perceived the system as 'stuck’

Price Input Format
Navigation Clutter
Al Chatbot Response
System Latency

Implementation of automatic input masking
Restructuring menu into a tab-based navigation

Simplification of language (application of Plain Language Principles)

Addition of a loading indicator (progress bar)

Based on the UAT results, 35% of respondents were in the
Excellent category with a score above 90%, while 65% of
respondents were in the very good category with a score range
of 85-89%. No respondents were in the Good or Needs
Improvement categories. These results indicate that the level
of user acceptance of the Al-Based E-MSME Information
System is very high and relatively consistent across all
respondents. The distribution of scores dominated by the
Excellent and very good categories indicates that the system is
capable of meeting user needs in terms of usability, system
performance, Al acceptance, business decision-making
support, security, and user satisfaction. These findings
reinforce previous evaluations, which demonstrated the
system's  feasibility in supporting MSME digital
transformation toward an Al-based Smart MSME concept.

Figure 11 shows the UAT scores for the Al-Based E-MSME
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Information System. The evaluation results indicate that all
aspects scored above 88%, indicating a very high level of user
acceptance of the developed system.

Figure 11. User Acceptance Testing (UAT) score chart of

Al-based E-MSME information system
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises



The business decision support aspect achieved the highest
score of 89.83%, indicating that the system is able to provide
effective support in the business decision-making process
through Al features such as sales prediction, customer analysis,
and promotion recommendations. The system performance
and user satisfaction aspects also achieved high scores, at
89.50% and 89.33%, respectively, indicating that the system
has stable performance and is able to meet user needs.

Meanwhile, the Al acceptance aspect scored 88.50%,
indicating that the AI features have been well-received by
users and provide benefits in supporting MSME business
activities. Overall, the average UAT score of 89.19% indicates
that the system is in the Highly Acceptable category and is
feasible to implement to support the transformation towards an
Al-based Smart MSME.

These findings indicate that users perceive greater benefits
from features that directly support business activities than
from the technology itself. A high business decision support
score indicates that the Al integrated into the system is capable
of providing practical value in the decision-making process.
Conversely, a slightly lower Al acceptance score indicates that
some users are still adapting to the use of Al technology in
daily business operations.

These results also indicate that the HMI principles applied
to the system design have performed well. High usability,
system performance, and user satisfaction scores indicate that
users can interact with the system easily, efficiently, and
comfortably. These findings confirm that user-oriented
interface design can support the acceptance of Al technology
in MSME environments.

These results reinforce the view that the successful
implementation of an Al-based system is determined not only
by the capabilities of the algorithm used, but also by the
quality of the interaction between the user and the system.
Thus, the application of HMI principles is a crucial factor in
increasing the acceptance of digital technology in MSME
environments.

Figure 12 shows a radar visualization of the results of the
UAT for the Al-Based E-MSME Information System. All
evaluation aspects have relatively balanced values ranging
from 88.50% to 89.83%, indicating a very high level of user
acceptance of the developed system.

em Performance

Business Decisign Support

er Satisfaction

Figure 12. User Acceptance Testing (UAT) results radar
chart

The business decision support aspect achieved the highest
score of 89.83%, indicating that the system is capable of
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providing effective support in business decision-making
through the use of AI technology. Meanwhile, the Al
acceptance aspect achieved a score of 88.50%, indicating that
Al features such as product recommendations, sales
predictions, and customer analysis have been well-received by
users.

The radar's symmetrical shape indicates that the system has
consistent quality across all evaluation aspects, including
system usability, performance, security, Al acceptance,
business decision support, and user satisfaction. These
findings indicate that the Al-based E-MSME information
system has fulfilled the key characteristics of the Smart
MSME concept: efficiency, adaptability, security, and support
for data-driven decision-making.

The findings of this study are in line with various previous
studies, which show that the integration of Al and user-
oriented interface design can increase the acceptance of digital
information systems [14, 44-47]. In the context of MSME, the
combination of Al-based decision-making support and the
application of HMI principles provides a more effective user
experience, thus encouraging sustainable technology adoption.

4.12 The impact of implementing an integrated market
information system on operational efficiency

The implementation of an Al-based E-MSME Information
System has had a positive impact on improving the operational
efficiency of MSME. Prior to the system's implementation,
most business processes, such as product management,
transaction recording, inventory monitoring, and reporting,
were performed manually, requiring a relatively long time and
potentially leading to recording errors. This situation resulted
in less effective business decision-making because the
available information was not always accurate and up-to-date.

After the system's implementation, various operational
activities can be carried out in an integrated manner through a
digital platform powered by Al technology. The system
automates data management processes, accelerates
transactions, and provides real-time business information.
Furthermore, Al features such as sales predictions, product
recommendations, customer analysis, and promotional
recommendations help MSME identify market opportunities
and develop more targeted business strategies.

The evaluation results show improvements in various
operational indicators, including business process efficiency,
transaction  speed, decision-making accuracy, data
management security, and user satisfaction. These findings
demonstrate that the integration of Al technology not only
improves operational productivity but also strengthens
MSME' ability to utilize data as a basis for decision-making.
Thus, the implementation of the Al-Based E-MSME
Information System contributes significantly to supporting
digital transformation and realizing the concept of a more
adaptive, efficient, and competitive Smart MSME.

These improvements demonstrate that the integration of Al
serves not only as an automation tool but also as a decision-
support mechanism capable of improving the operational
quality of MSME. These findings demonstrate that Al-
powered digital transformation and user-centric system design
can have a tangible impact on business management
effectiveness.

Figure 13 shows the results of a gap analysis between
MSME conditions before and after the implementation of the
Al-based E-MSME information system based on an



evaluation of 20 respondents. The results indicate an
improvement in all measured indicators, including operational
efficiency, transaction speed, decision-making accuracy, data
security, and user satisfaction.

)perational Efficiency Transaction Spee Jecision Accuracy u satisfactior

@ Before © After
Figure 13. Gap analysis before and after implementation of

Al-based E-MSME system
Note: E-MSME = Electronic Micro, Small, and Medium Enterprises

To ensure the validity and reproducibility of the test results
presented in Figure 13, we conducted an evaluation based on
a structured benchmarking method involving 20 active users
in real-world scenarios over a 14-day observation period. The
reported performance metrics are based on a systematic
procedure, where performance data were extracted directly
from the system’s backend audit logs, recording every
timestamp and transaction validity in real-time to ensure that
each data point is objective and traceable. The performance
improvements were calculated as the arithmetic mean of the
total sample (n=20), covering Decision Accuracy, defined as
the ratio of successful system-generated outputs and error-free
operations to the total requests processed, and Transaction
Speed, calculated as the total duration (in seconds) required

for a user to complete the process from initiation to finalization.

Furthermore, a statistical analysis was performed by
comparing the performance of the manual baseline procedures
with that of the proposed system, demonstrating that the
reported efficiency gains hold practical significance for
operational performance.

The largest improvement was seen in decision-making
accuracy, which rose from 61% to 88%. This finding indicates
that the system's integrated Al features, such as sales
predictions, customer  analysis, and  promotion
recommendations, can help MSME make more informed,
data-driven business decisions. Furthermore, transaction
speed increased from 65% to 90%, demonstrating that
digitizing business processes can improve service efficiency
and transaction management.

Overall, all indicators increased by more than 20 percentage
points after the system's implementation. These results
indicate that the Al-based E-MSME Information System
positively contributes to the digital transformation of MSME
and supports the implementation of the Smart MSME concept
by improving operational efficiency, information security, and
the quality of business decision-making.

4.13 Research limitations

It is important to note that the security dimension in this
study focuses on Perceived Security. This assessment is based
on the subjective level of user trust measured through
questionnaires, rather than the results of in-depth technical
security testing (such as penetration testing, cryptographic
audits, or data encryption verification). Therefore, for future
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system development, it is highly recommended to integrate
more comprehensive technical security protocols, such as end-
to-end data encryption, password storage mechanisms using
hashing, the implementation of Role-Based Access Control
(RBAC), and audit log systems to track user activities.

5. CONCLUSIONS

This research has successfully developed an Al-based E-
MSME information system that integrates HMI principles to
support the transformation towards Smart MSME. The
integration of Al features with a user-oriented interface design
enables the creation of effective, easy-to-understand
interactions and supports data-driven business decision-
making processes. Based on the UAT calculation results, the
Al-based E-MSME information system obtained a user
acceptance score of 89.19%, which is included in the Highly
Accepted category. These results indicate that the system has
met user needs in terms of usability, system performance,
acceptance of Al technology, business decision-making
support, system security, and user satisfaction. The business
decision support aspect achieved the highest score of 89.83%,
indicating that the Al feature can assist users in conducting
customer analysis, sales planning, and developing marketing
strategies more effectively. The System Performance aspect
also achieved a high score of 89.50%, indicating that the
system is able to run stably and responsively in supporting
MSME operational activities. The Al acceptance aspect scored
88.50%, indicating that users welcomed the system's
integrated Al features, such as product recommendations,
sales predictions, and customer analytics. Furthermore, the
Security aspect scored 88.83%, indicating that users have a
high level of trust in the system's security mechanisms.

This study has several limitations. First, the number of
respondents involved in the testing was limited to 20 users, so
generalization of the results requires caution. Second, the
research evaluation focused on user acceptance and did not
measure the impact of system implementation on MSME
business performance in the long term. Therefore, future
research could involve a larger number of respondents across
MSME sectors, and integrate advanced analytical methods to
continuously evaluate the system's effectiveness.
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