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Abstract

The rapid increase in lifestyle-related diseases such as obesity and
hypertension highlight the urgent need for accessible and
personalized digital health solutions. This study proposes and
evaluates an interactive web-based expert system designed to
deliver personalized diet and exercise recommendations using a
forward chaining inference mechanism. The system analyzes
individual user characteristics, including age, body mass index
(BMI), health goals, dietary preferences, and physical activity levels,
collected through a structured questionnaire. A knowledge base
composed of expert-defined rules is employed to infer suitable diet
plans (Mediterranean, low-fat, low-carbohydrate, and DASH diets)
and exercise programs (cardio and strength training). The platform
was developed using the Laravel framework and MySQL database,
with a responsive user interface designed through Figma. System
evaluation was conducted using black box testing and the System
Usability Scale (SUS), which yielded a score of 78.38. The results
demonstrate stable system functionality, fast response times, and
high usability, indicating that the proposed system is effective in
supporting personalized digital health recommendations. This
research contributes to the field of health informatics by
demonstrating the applicability of rule-based expert systems for
personalized diet and exercise guidance.

© 2026 Indonesian Society of Applied Science (ISAS)
This is an open access article under the CC BY 4.0 license
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Diet refers to the selection and regulation of food consumed by an individual or a
population. It is commonly defined as a conscious effort to control and limit food intake
with the goal of reducing or maintaining body weight. In essence, diet is a method of
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managing eating patterns to achieve weight balance and overall health. Despite the
abundance of information available on diet and fitness, many individuals struggle to find
programs that suit their specific needs. This challenge often arises due to the lack of
personalized recommendations provided by existing platforms.

According to the World Health Organization (WHO), obesity and overweight
remain critical global health issues, with more than 2.5 billion adults classified as
overweight and over 890 million suffering from obesity [1]. At the same time, public
interest in physical exercise has significantly increased, reaching 78% in 2023 [2].
However, many people still face difficulties in adjusting their diet and exercise programs
to accommodate changes in health conditions or personal preferences over time.

To address these challenges, recent studies have explored intelligent systems for
personalized health recommendations. For instance, Garcia et al. developed a knowledge-
based nutrition system called Virtual Dietitian using the Forward Chaining algorithm,
which achieved a System Usability Scale (SUS) score of 83.4, indicating excellent usability
[3]. Similarly, Naveed et al. proposed an IoT-based health monitoring system integrated
with machine learning for personalized diet and exercise recommendations,
demonstrating improved automation and efficiency in fitness management [4]. Other
approaches, such as Al-driven recommender systems and chatbot-based frameworks,
have also been introduced to enhance personalization and interactivity in nutrition
guidance [5], [6].

This research proposes an interactive web-based expert system that utilizes the
Forward Chaining inference method to deliver personalized diet and exercise
recommendations. Forward Chaining is a data-driven reasoning strategy that begins with
known facts and applies rules whose premises match these facts to derive new
conclusions until a goal is achieved or no further applicable rules remain [7]. It is widely
used in expert systems due to its ability to process dynamic data and generate
comprehensive inferences [8]. By leveraging this approach, the system can trace relevant
rules to generate accurate and tailored recommendations.

The platform is accessible anytime and anywhere, enabling users to manage their
diet and exercise programs conveniently. Through features such as questionnaires,
progress tracking, and educational content, the system aims to enhance nutritional
awareness, support digital health personalization, and contribute to obesity prevention
efforts. This study contributes by designing and implementing a secure, responsive web-
based expert system and evaluating its usability, performance, and security, thereby
demonstrating the feasibility of rule-based personalization in digital health applications.

Different from existing approaches, this study uniquely integrates a rule-based
Forward Chaining inference mechanism with an interactive web-based platform that
simultaneously delivers personalized diet and exercise recommendations while
supporting progress tracking, educational content, and usability evaluation. Unlike data-
driven machine learning or black-box Al systems, the proposed method emphasizes
transparent and explainable reasoning, allowing users to understand how
recommendations are derived from their personal data. Furthermore, the system is
systematically evaluated using the System Usability Scale (SUS), providing empirical
evidence of its practical applicability. This combination of explainable rule-based
reasoning, integrated health management features, and empirical usability validation
represents the main methodological novelty of this research.
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2. Methods
2.1 Research Design and Chronology
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Figure 1. Research and Development Process

The research process consists of five main stages:

a. Requirement Analysis: Identifying user needs and system specifications [9].
b. System Design: Creating architecture diagrams, Entity Relationship Diagram

(ERD), and Data Flow Diagrams [10].

c. Implementation: Developing the platform using Laravel for backend, Blade

for frontend, MySQL for database, and UI/UX design with Figma [11].

d. Testing: Conducting functional, usability, performance, and security

tests [12][13][14].

e. Evaluation: Analyzing results based on usability scores, performance metrics,

and security validation [14].

This study adopts a Research and Development (R&D) approach that follows a
structured software development process, with Forward Chaining serving as the core
reasoning mechanism of the expert system. The process begins with the requirements
analysis phase, during which user data such as age, body mass index (BMI), health
objectives, dietary preferences, and physical activity levels are identified. These data
function as initial facts in the Forward Chaining inference process, making this stage
essential for ensuring that the system can generate accurate and relevant
recommendations. In the system design phase, expert knowledge related to nutrition and
exercise is formalized into a set of IF-THEN production rules within a knowledge base.
The Forward Chaining mechanism is designed as a data-driven reasoning process that
starts from user-provided facts and iteratively matches them against rule premises to
infer suitable diet and exercise recommendations.

The implementation phase translates the system design into a functional web-
based expert system, in which the Forward Chaining inference engine systematically
evaluates available facts and triggers applicable rules until a final conclusion is reached.
This approach ensures that recommendations are produced logically and transparently
based on the user’s individual condition. During the testing phase, functional validation is
performed using black box testing to confirm that the Forward Chaining process executes
rules correctly and produces consistent outputs across different input scenarios. Finally,
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the evaluation phase assesses the usability and effectiveness of the developed system
using the System Usability Scale (SUS).

The uniqueness of the proposed method lies in the structured transformation of
multi-dimensional user data into inference-ready facts, which are processed through a
Forward Chaining mechanism to simultaneously infer dietary and exercise
recommendations within a unified rule base. This approach enables modular rule
expansion, consistency in decision-making, and explainability, distinguishing it from
probabilistic or data-driven recommendation systems.

2.2 Research Procedure

The inference process applies Forward Chaining, which starts from known facts
(user data) and iteratively applies rules whose premises match these facts to derive new
conclusions until no further rules apply.

Require: User facts (age, weight, height, activity level, goals, health conditions)

Ensure: Personalized diet and exercise recommendations

1. Initialize WorkingMemory with user facts
2. Repeat
For each rule in RuleBase:
If rule.premises C WorkingMemory:
Add rule.conclusion to WorkingMemory
Output recommendation (diet/exercise/safety note)

3. Until no new facts can be inferred

Figure 2. Algorithm Forward Chaining Inference

2.3 Data Acquisition

User data were collected through a structured questionnaire, including:

e Primary facts: age, gender, height, weight, activity level (sedentary,
moderately active, extra active), health goals (weight loss, muscle gain,
maintain weight), and medical conditions (hypertension, heart disease,
dyslipidemia).

e Derived facts: Body Mass Index (BMI) calculated using:

BMI = 1t (k). 1)
(Height)? (m)

BMI categories: Underweight (<18.5), Normal (18.5-24.9), Overweight (25-
29.9), Obese (>30).

2.4 System Architecture

The system architecture for this research in Figure 3 illustrates how the platform
components interact to deliver personalized diet and exercise recommendations. It
consists of three main layers: Frontend, Backend, and Database, supported by a Ul/UX
design layer.
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Figure 3. System Architecture

The Frontend, built using Laravel Blade, provides the user interface where users
can log in, complete questionnaires, view recommendations, and track progress. The
Backend, implemented with Laravel, handles core application logic and services such as
user management, progress tracking, article management, and notifications. It also
integrates the Forward Chaining inference engine, which processes user data and applies
rule-based reasoning to generate personalized recommendations. The Database, powered
by MySQL, stores user profiles, progress records, articles, and rule sets securely. The
UI/UX design ensures a responsive and intuitive experience, connecting the frontend and
backend seamlessly.

This architecture supports scalability, security, and real-time personalization,
making it suitable for digital health applications focused on diet and exercise
management.

2.5 Activity Diagram

The activity diagram above illustrates the interaction between the User and the
System during the recommendation process. The flow begins when the user starts and
accesses the login form, then enters email and password. The system validates the
credentials; if invalid, the user is prompted to retry. If valid, the system displays the
questionnaire page, allowing the user to answer health-related questions. After
submission, the system processes the answers using the Forward Chaining inference
method and finally displays personalized diet and exercise recommendations on the
dashboard. This diagram represents a clear sequence of actions for delivering tailored
health guidance.
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Figure 4. Activity Diagram for Diet and Exercise Recommendation System

2.6 Data Flow Diagram

« Login to an account « View user bta
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Figure 5. Data Flow Diagram for Diet and Exercise Recommendation System

The Data Flow Diagram (DFD) above illustrates the interaction between User,
Admin, and the central process of generating diet and exercise recommendations. Users
can log in, fill out physical data, enter progress information, and read articles, while
receiving personalized outputs such as diet recommendations, exercise plans, dietary
information, and article presentation. Administrators, on the other hand, manage articles,
oversee user accounts, and monitor user progress through the system. The central
process acts as the core logic, connecting both roles to ensure accurate recommendations
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and efficient content management. This structure supports personalized health guidance
and streamlined administration in a web-based expert system.

2.7 Entity Relationship Diagram

User Progress Waterlntake Notification Article
UserlD (PK) ProgressID (PK)| | WaterlntakelD (PK) | NotificationID (PK) ArticielD (PK)
Username > UserD(FK) = UserID(FK) = UserlD (FK) — Title
Password Date Date Date Content
Weight Weight Water Intake Time Author
Age Height — | Message DatePosted
Goal I
Program Diet l

s

Figure 6. Entity Relationship Diagram for Diet and Exercise Recommendation System

The ERD above represents the data structure of the web-based expert system for
personalized diet and exercise recommendations. It consists of five main entities: User,
which stores personal information such as username, password, weight, height, age, goal,
and diet program; Progress, which records user progress data including date, weight, and
height; WaterIntake, which tracks daily water consumption; Notification, which manages
messages and reminders for users; and Article, which contains educational content with
attributes like title, content, author, and date posted. Relationships are established
through foreign keys linking these entities to the User table, ensuring data integrity and
enabling personalized recommendations based on user profiles and progress.

3. Results and Discussion

3.1 Homepage Design of the Diet and Exercise Platform

]

Program Diet & Olahraga
Khusus Untuk Anda

Kesehatan yang optimal adalah investasi terbaik untuk ma:

Mengapa Memilih Fast Fit?

o (o] =2

Program Personalisasi Berbasis Metode limiah Masil Terukur

Figure 7. Homepage of the Application

The result of the research shows that the developed application successfully
provides an intuitive and visually appealing interface for users. The initial display of the

diet and exercise platform features a clean, modern design with clear navigation options
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such as Start Program and Register for Free, emphasizing personalization and scientific
methods. Key benefits, including personalized programs, evidence-based approaches, and
measurable results, are highlighted on the homepage, ensuring users understand the value
of the system. This user-friendly design supports the research objective of creating an
accessible and engaging platform for personalized health recommendations.

3.2 Questionnaire Page

The series of questionnaires is designed to collect essential user information step
by step for accurate personalization. The first page focuses on identifying the user’s
primary health goal, while the second gathers fundamental personal data such as gender,
age, height, and weight, which are critical for BMI calculation and calorie estimation. The
third page captures the user’s daily activity level, an important factor in determining
energy expenditure and exercise intensity. Subsequent steps include setting a realistic
target weight and providing medical history, such as heart disease and hypertension, to
ensure safe and tailored recommendations. Together, these questionnaires enable the
system to generate precise diet and exercise plans using the Forward Chaining inference
method.

/
[ = = )
pa tuj t a And
Informasi Pribadi

c i i
Jenis Kelamin Usia (tabun)
= i ; Menjaga Berat Badan
Tinggi Badan (cm) Berst Badan Saat Ini (i)

Penambahan Massa Otot

(a) (b)
e 2

Riwayat Hipertensi
Target Berat Badan e . ®

“ei2kg Ya Soya sl

Tidak, Saya Tidak Memilili

(c) (d)

Figure 8. Questionnaire Interface (a), (b), (c) and(d)
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3.3 Personalized Diet and Exercise Recommendations
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Figure 9. Personalized Diet and Exercise Recommendation Page

The recommendation page shown above represents the final output after the system
completes analyzing user data through the questionnaire. It clearly displays two separate cards:
one for the Diet Program and another for the Exercise Program. In this example, the user is
advised to follow a Low-Carbohydrate Diet and perform cardio exercises combined with strength
training. Each recommendation includes a brief description and practical points to guide the
user. Additionally, two action buttons are provided—one to navigate directly to the dashboard
and another to explore detailed information about the recommendations. This design ensures
clarity, usability, and supports the research goal of delivering personalized health guidance
through a web- based expert system using the Forward Chaining method.

Garcia et al. developed Virtual Dietitian, a knowledge-based nutrition advisory
system that also employed the Forward Chaining inference method and achieved a high usability
score with a SUS value of 83.4 [3]. While both systems utilize rule-based reasoning to generate
dietary recommendations, the system proposed in this study extends the scope by integrating
both diet and exercise recommendations within a single interactive web-based platform. In
addition, this research incorporates progress tracking and educational content, allowing users
to continuously monitor and adjust their health programs, which was not emphasized in Garcia
etal.’s implementation. Although the SUS score obtained in this study (78.38) is slightly lower, it
still falls within the “GOOD” usability category, indicating strong user acceptance across diverse
age groups.

In comparison with the work of Naveed et al, who introduced an IoT-based health
monitoring system integrated with machine learning techniques [4], the proposed system adopts
a rule-based Forward Chaining approach rather than data-driven machine learning models.
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While IoT and machine learning offer higher automation and adaptability, they often operate as
black-box systems with limited explainability. In contrast, the Forward Chaining mechanism
employed in this study provides transparent and explainable reasoning, which is particularly
important in health-related applications where user trust and interpretability are critical. This
transparency allows users to better understand how recommendations are derived from their
input data.

Other recent studies utilizing Al-based recommender systems and chatbot frameworks
focus primarily on improving personalization and user engagement through conversational
interfaces [5], [6]. However, these systems commonly rely on probabilistic or learning-based
models that may require large datasets and continuous retraining. The system proposed in this
research demonstrates that a rule-based expert system can still effectively deliver personalized
recommendations with relatively low computational complexity, while maintaining consistency
and reliability in decision-making.

Overall, the comparative analysis indicates that the proposed web-based expert system
successfully balances personalization, explainability, and usability. By combining Forward
Chaining inference with a structured software development approach and comprehensive
usability evaluation, this study contributes a practical and scalable alternative to existing
intelligent health recommendation systems. The findings reinforce the relevance of rule-based
expert systems in digital health applications, particularly in contexts where transparency, ease
of use, and rapid deployment are essential.

3.4 System Usability Scale (SUS) Testing Results for Web-Based Interactive Platform

Table 1 presents the individual System Usability Scale (SUS) scores obtained from 20
respondents across different age groups. The purpose of this table is to provide a clear overview
of how each participant’s usability perception contributes to the overall evaluation of the system.
Each score was calculated using the standard SUS formula, where responses to the 10-item
questionnaire were converted into adjusted values.

Result from the Table

e Total SUS Score = 1567.5
e Number of Respondents = 20
e Average SUS Score:

Total SUS Score __1567.5
Number of Respondents T 20

= 78.38 (2)

The System Usability Scale (SUS) evaluation involved 20 respondents from diverse age
groups (15-20, 21-30, and 41-50 years) to ensure a comprehensive usability assessment [12].
The average SUS score obtained was 78.38, which falls under the “GOOD” category according to
standard interpretation. This indicates that the platform is not only acceptable but also
considered easy and effective to use by most users across different age groups. Lower individual
scores in certain age categories provide valuable insights for future improvements, such as
simplifying workflows or adding guidance for users less familiar with technology.
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Tabel 1. Summary of System Usability Scale (SUS) Scores

No Responden Age Skor SUS
1 Responden 1 21-30 100.0
2 Responden 2 21-30 87.5
3 Responden 3 21-30 72.5
4 Responden 4 21-30 97.5
5 Responden 5 21-30 65.0
6 Responden 6 21-30 82.5
7 Responden 7 21-30 82.5
8 Responden 8 21-30 75.0
9 Responden 9 21-30 72.5

10 Responden 10 21-30 95.0

11 Responden 11 21-30 100.0

12 Responden 12 21-30 100.0

13 Responden 13 15-20 50.0

14 Responden 14 21-30 52.5

15 Responden 15 15-20 70.0

16 Responden 16 21-30 57.5

17 Responden 17 15-20 75.0

18 Responden 18 41-50 92.5

19 Responden 19 15-20 80.0

20 Responden 20 41-50 80.0

Total Skor 1567.5

3.5. Forward Chaining Rule Design and Inferential Analysis

While previous subsections focus on system interfaces and usability outcomes, this
section provides a critical analysis of the Forward Chaining inference mechanism that underpins
the recommendation process. The expert system relies on a rule-based knowledge base, where
domain knowledge related to nutrition and exercise is formalized into IF-THEN production
rules. These rules were designed based on established dietary and physical activity guidelines
derived from nutrition literature and validated health practices.

The rule design process begins by categorizing user input data—such as age, body mass
index (BMI), health goals, activity level, and medical history—into structured facts. For example,
BMI values are classified into categories such as underweight, normal, overweight, and obese,
each serving as a triggering condition in the inference process. Health goals (e.g., weight loss or
weight maintenance) and activity levels further refine the fact set, enabling the system to activate
relevant rules in a data-driven manner.

The Forward Chaining mechanism systematically evaluates these facts against the rule
base to generate intermediate conclusions before arriving at final recommendations. As an
illustration, users with an overweight or obese BMI category, a weight loss objective, and
moderate to high daily activity levels activate a set of rules that prioritize Low-Carbohydrate Diet
recommendations. This is because such dietary patterns are associated with reduced caloric
intake and improved short-term weight control, aligning with the system’s expert-defined goals.
In contrast, users with a normal BMI and balanced health objectives are more likely to trigger
rules associated with the Mediterranean Diet, which emphasizes long-term cardiovascular health

and nutritional balance rather than aggressive weight reduction.
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Rule validation was conducted through consistency checking and expert review to ensure
that no conflicting rules could be simultaneously triggered for the same user condition. Each
recommendation pathway was tested using multiple simulated user profiles to confirm that the
inferred outputs aligned with established dietary principles and safety considerations,
particularly for users reporting medical conditions such as hypertension or heart disease. This
validation process ensures that recommendations are not arbitrary but result from a transparent
and logical inference process.

By explicitly linking user input conditions to rule activation and recommendation
outcomes, the Forward Chaining approach provides a high level of explainability compared to
black-box machine learning models. This interpretability allows both users and researchers to
understand why specific diet and exercise programs are recommended, thereby increasing trust
and reliability in health-related decision support systems. Consequently, the system
demonstrates that rule-based reasoning, when carefully designed and validated, can effectively
support personalized diet and exercise recommendations with both technical rigor and practical
relevance.

4. Conclusion

This study successfully developed an interactive web-based expert system that applies
the Forward Chaining inference method to provide personalized diet and exercise
recommendations. The system achieved its primary objective of delivering tailored guidance
based on user-specific data, demonstrating strong usability with an average System Usability
Scale (SUS) score of 78.38, categorized as “GOOD.” These findings indicate that the platform is
intuitive and effective for diverse user groups, supporting its potential as a practical tool for
promoting healthy lifestyle management.

The research contributes to the advancement of digital health solutions by integrating
rule-based reasoning for personalization, offering theoretical and practical implications for
expert system design in healthcare. While the system performed well overall, minor usability
variations among certain age groups suggest opportunities for improvement, such as simplifying
navigation and enhancing user guidance. Future work should focus on expanding the knowledge
base, integrating real-time data from wearable devices, and developing mobile applications to
improve accessibility and personalization.
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