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Abstract

The Waterfall model remains a widely used software development methodology, offering a structured, phase-driven
approach to system development. This study applies the Waterfall model in developing a web-based e-commerce system
for small businesses, aiming to improve business operations, usability, and system efficiency. The system was implemented
for Anisha Klapertart and Cake to address manual sales and inventory management inefficiencies. Black Box Testing
confirmed 100% functionality across core modules, including authentication, product management, and order processing.
Usability testing using the System Usability Scale (SUS) with 30 respondents resulted in a score of 70.16, categorizing the
system as "Good" and "Acceptable". Despite its benefits, challenges include limited adaptability to requirement changes
and scalability concerns. Future enhancements will focus on integrating a payment gateway, improving security, and
adding customer loyalty programs. These findings demonstrate the practicality of the Waterfall model in structured e-
commerce development, offering valuable insights for small businesses transitioning to digital platforms.

Keywords: Waterfall Model; E-Commerce System Development; Small Business Digitalization; Software Engineering Methodology;
System Usability Evaluation.

1. Introduction

The quick advancement of information technology has meaningfully impacted many sectors, including business,
education [1], healthcare, and employment [2]. One of the most influential technological developments in the business
sector is the rise of e-commerce. E-commerce enables companies to conduct sales, marketing, and transactions through
digital platforms, making it easier for customers to access products and services anytime and anywhere [3]. As a result,
many small businesses have started adopting e-commerce systems to enhance their operations, improve customer
service, and stay competitive in the digital marketplace [4].

Anisha Klapertart and Cake is a small business specializing in baked goods, particularly cakes and pastries. Despite
being established for over nine years, the company still relies on manual methods for managing product availability,
customer inquiries, and sales transactions. This traditional approach presents several challenges, including difficulty
tracking product availability, inefficient order management, and limited customer engagement. To address these issues,
a web-based e-commerce system is planned as a key to streamline business operations and enhance service quality [5].

A web-based e-commerce system permits businesses to automate numerous processes, such as catalogue
management, order processing, and buyer transactions [6]. The company can expand customer satisfaction and
operational effectiveness by providing an online platform where customers can browse products, room orders, and
receive real-time updates. Additionally, a well-structured e-commerce system can provide valuable data insights, helping
business owners make informed decisions about sales trends, customer preferences, and inventory management.

Developing an effective e-commerce system requires a systematic and structured approach to software engineering.
The Waterfall Model is widely used among numerous software development methodologies due to its precise, phase-
based structure [7]. The Waterfall Model follows a sequential procedure consisting of five key stages: requirements
analysis, system design, implementation, testing, and maintenance. This method certifies that each stage is completed
before proceeding to the next, allowing for thorough documentation and reduced development risks [8].
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This study applies the Waterfall Model to develop a web-based e-commerce system for Anisha Klapertart and Cake.
The project begins with an in-depth business requirements analysis followed by system design and database
development. The implementation phase includes coding the system using PHP as the primary programming language
and MySQL for database management [9]. The testing phase contains black-box testing to assess system functionality
and usability testing employing the System Usability Scale (SUS) to measure user satisfaction [10]. Lastly, the
maintenance phase confirms continuous system updates and enhancements based on user response.

The usability of an e-commerce system plays a critical role in its success. If a system is challenging to use, customers
may abandon transactions, leading to decreased sales and lower customer retention [11]. Therefore, this study conducts
usability testing to evaluate how straightforwardly users can navigate the system and complete transactions. The System
Usability Scale (SUS) is used as a measurement tool, providing a standardized evaluation of the system's effectiveness,
efficiency, and user satisfaction.

Previous studies on e-commerce systems have highlighted the importance of usability, security, and functionality in
improving customer experience [12]. Research also suggests that small businesses benefit significantly from adopting
digital solutions, as they provide a competitive edge and increase accessibility to a broader customer base. However,
many small businesses struggle with digital transformation due to limited technical knowledge and resources. By
adopting a structured development methodology like the Waterfall Model, companies can mitigate these challenges and
ensure a successful transition to an online platform [13].

One key motivation behind this study is the growing demand for digitalization in small and medium-sized enterprises
(SMEs). Many SMEs face operational inefficiencies due to the absence of automated systems, resulting in higher costs
and slower response times. Implementing an e-commerce system streamlines business operations and enhances
marketing opportunities through online visibility and customer engagement. This study aims to bridge the gap between
traditional business operations and current digital solutions by providing a practical, user-friendly e-commerce system
personalized to the needs of small businesses.

An e-commerce system improves business efficiency and offers several advantages, such as reduced manual errors,
improved data management, and enhanced customer interactions [14]. Customers can accessibly browse available
products, place orders, and receive instant confirmations, while business owners can efficiently manage inventory and
sales records. Integrating a web-based platform allows businesses to expand their market reach beyond local customers,
enabling more significant revenue potential [15].

The findings of this study will contribute to the growing body of knowledge on e-commerce system development for
small businesses. By demonstrating the practical application of the Waterfall Model, this research provides insights into
the challenges and benefits of adopting a structured development approach. The usability testing results will also offer
valuable feedback on system effectiveness, guiding future improvements and refinements.

2. Research Methods

This study explores the implementation of the Waterfall Model in developing a web-based e-commerce system for
Anisha Klapertart and Cake. This research aims to create an efficient, user-friendly digital platform that enhances
business operations and customer satisfaction by addressing the business's existing challenges and incorporating
usability testing. The following sections will discuss the methodology, system implementation, testing results, and
overall impact of the developed system.

This study adopts the Waterfall Model, a structured and sequential approach to software development that ensures
each phase is fully completed before progressing to the next, as illustrated in Figure 1. The development process
comprises five key stages: requirements analysis, system design, implementation, testing, and maintenance. This
methodology offers a clear and systematic framework, ensuring all requirements are documented and effectively
implemented [16].

2.1. Requirement Analysis

The first phase, requirements analysis, involved identifying the system's functional and non-functional requirements.
Data collection was conducted through observations and interviews with the owners of Anisha Klapertart and Cake to
understand the challenges faced in managing product inventory, handling customer orders, and processing transactions
manually. The findings revealed that the existing manual approach resulted in inefficiencies, making it difficult for the
business to track product availability and customer interactions effectively.

This analysis established several functional requirements, including customer and administrator user authentication,
product management capabilities, order processing, invoice generation, and customer management [17]. These features
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Figure 1. Waterfall Method

were essential for ensuring smooth and efficient business operations. Additionally, non-functional requirements such as
system security, performance optimization, and usability were defined to enhance system reliability. The system must
be secure, responsive, and user-friendly to facilitate seamless interactions between administrators and customers.

2.2. System Design

Once the requirements were clearly defined, the system design phase focused on creating a structured architecture
aligned with the business needs [18]. The system was developed as a web-based application to ensure accessibility from
various devices. The backend was designed using PHP and MySQL for efficient data storage and management, while
the front end utilized HTML, CSS, and JavaScript to create an interactive and responsive user interface.
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Figure 2. Entity-Relationship Diagram (ERD) of the E-Commerce

The database structure was carefully designed using an Entity-Relationship Diagram (ERD) to establish relationships
between key data components, such as products, customers, orders, and transactions, as shown in Figure 2. This
relational database model ensured that data was stored efficiently and could be retrieved quickly. A use case diagram
was developed to visualize system functionalities, outlining the interactions between users and system components. The
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system featured two primary user roles: the administrator, who managed product listings and processed customer orders,
and the customer, who browsed products, placed orders, and received transaction confirmations.

A key aspect of system design was developing an intuitive and user-friendly interface. The user interface (UI) was
designed using Figma, following usability principles to enhance navigation and ease of use. The layout was structured
to provide precise product categorization, simple order placement, and quick access to essential features. A responsive
design approach ensured the system functioned seamlessly across different screen sizes, improving user accessibility on
various devices.

2.3. Implementation

The implementation stage involved translating the system design into a fully functional application [19]. The backend
development used PHP for server-side processing, while MySQL managed the database. The front end was built using
HTML, CSS, and JavaScript to provide an interactive user experience. The system was hosted on Apache XAMPP for
local development and testing, enabling developers to test system functionalities before deployment.

Security measures were implemented during development to protect user data and prevent potential vulnerabilities.
Password hashing techniques were applied to secure authentication processes, ensuring that user credentials remained
confidential. Input validation was integrated to avoid SQL injection and cross-site scripting (XSS) attacks, enhancing
overall system security. Session management was also implemented to regulate user access, preventing unauthorized
actions within the system.

The system was structured with reusable components to ensure modularity, allowing for easy maintenance and future
scalability. Each module, including authentication, product management, and order processing, was developed
independently to enable efficient debugging and modifications. The implementation adhered to best coding practices to
maintain system stability and efficiency.

2.4. Testing

To validate the system's functionality and performance, rigorous testing was conducted using Black Box Testing and
usability evaluation through the System Usability Scale (SUS) [20]. Black Box Testing assesses system outputs based
on different inputs without analyzing internal code structures. Various test cases were designed to verify key
functionalities, including login authentication, product addition and removal, order processing, and invoice generation
[21]. Each test case was evaluated to ensure the system met predefined requirements and functioned as expected.

Usability testing was conducted to assess the overall user experience and ease of navigation. A group of 30
respondents participated in the SUS evaluation, providing feedback on system usability, efficiency, and accessibility.
The results were analyzed to determine the system's effectiveness in facilitating user interactions. A higher SUS score
indicated a more user-friendly system, providing insights into potential improvements for future updates. Functional
testing and usability evaluation ensured the system met technical and user experience expectations.

2.5. Maintenance

Following system deployment, the maintenance phase focused on monitoring performance, addressing potential
issues, and implementing improvements based on user feedback [22]. Continuous system evaluation was conducted to
identify and resolve technical or usability-related concerns. Regular updates were planned to enhance system capabilities
and ensure compatibility with evolving technological requirements [23].

The system was designed with scalability in mind to facilitate long-term usability and allow for the integration of
additional features. Future improvements included payment gateway integration to enable online transactions, automated
order tracking for real-time status updates, and Al-driven product recommendations to enhance customer engagement—
these enhancements aimed to optimize the business's operations further and improve customer satisfaction.

Another critical aspect of maintenance involves user training and documentation. Administrators were provided with
instructional materials and tutorials to help them manage the system effectively. Clear product updates, order processing,
and data management guidelines were included to ensure seamless system operations. Additionally, security measures
continued to be reinforced through periodic updates and vulnerability assessments, safeguarding customer data and
business transactions.
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3. Results and Discussion

Developing and implementing the web-based information system for Anisha Klapertart and Cake has significantly
improved ordering and product management efficiency. The system, designed using the Waterfall model, has undergone
requirement analysis, design, implementation, and testing to ensure that each feature functions as specified. With this
system, administrators can easily manage product data, track customer orders, and provide more transparent information
to buyers.
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Figure 3. Admin Login Page of the E-Commerce System

In this system, the admin plays a crucial role in store management, including logging in, managing product data,
handling orders, and viewing customer lists. The admin login page, as shown in Figure 3, is designed to ensure secure
access, allowing only authorized users to enter the system. Once logged in, the admin can navigate various sections such
as product management, order processing, and customer records. The dashboard provides a user-friendly interface with
key functionalities accessible through buttons and menus, making the management process more efficient.

The product management page enables the admin to add new products, update product details, and remove items
from the catalog. This feature helps maintain an up-to-date product inventory, ensuring customers only see available
items. The order management section allows the admin to track customer orders, view order details, and confirm
payments. This feature is crucial for ensuring smooth transaction processing and minimizing errors in order fulfillment.
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Figure 4. Product Menu Interface for Customers

On the customer side, the system provides an intuitive interface for browsing products, adding items to the shopping
cart, and placing orders. The homepage serves as the main entry point, offering navigation to various sections such as
the product catalog, shopping cart, and contact page. As shown in Figure 4, the product menu displays all available
items, descriptions, prices, and images, allowing customers to make informed purchasing decisions.
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The shopping cart feature enables customers to review their selected items before checkout. Customers can update
the number of items, remove unwanted products, and finalize their orders. The checkout process requires customers to
provide their personal information, including name, email, phone number, and shipping address. Once the order is
placed, the system generates an invoice and sends it to the customer's registered email. This ensures a smooth and
transparent purchasing experience.

Black Box Testing was conducted to evaluate the system's performance and verify the functionality of different
features. The test results confirmed that the system operates correctly and meets all functional requirements. The admin
functions performed as expected, such as adding and removing products, updating customer orders, and managing
invoices. Similarly, customer-side functionalities, including product browsing, adding items to the cart, and completing
purchases, worked without any issues.
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Figure 5. System Usability Scale (SUS) Evaluation Results

Usability Testing using the System Usability Scale (SUS) was conducted to assess user satisfaction and ease of use,
as shown in Figure 5. The SUS test involved multiple respondents who rated different aspects of the system, including
navigation, feature complexity, and overall user experience. The system achieved an average SUS score of 70.16, which
falls under the "Good" category and is considered acceptable for end users. This indicates that the system is user-friendly
and meets the expectations of both admins and customers.

Furthermore, implementing the Contact Us page enhances customer engagement by providing essential business
information such as store location, working hours, email, and phone number. This feature allows customers to reach out
with inquiries or feedback, fostering better communication between the business and its customers.

The system has successfully streamlined the ordering process, reduced manual errors, and improved operational
efficiency. Integrating PHP and MySQL ensures a robust and scalable platform for managing online transactions. Future
improvements may include adding payment gateway integration for online transactions, enhancing security features,
and expanding the system's capabilities to support promotional campaigns and customer loyalty programs. By
implementing this web-based ordering system, Anisha Klapertart and Cake have taken a significant step toward digital
transformation. Their products are now more accessible, and their customers' overall shopping experience is improved.

4. Conclusion

Developing the web-based ordering system for Anisha Klapertart and Cake has successfully enhanced product
management efficiency and customer transactions. Implementing the waterfall model ensures a structured development
process that covers requirement analysis, design, implementation, testing, and maintenance. The system provides
essential functionalities for administrators and customers, including product management, order processing, and an
intuitive shopping experience. The integration of PHP and MySQL offers a reliable platform for handling transactions,
while usability testing confirms its effectiveness in meeting user expectations.

The results of Black Box Testing demonstrated that all system features function correctly, ensuring smooth operations
for administrators and customers. Additionally, the System Usability Scale (SUS) test yielded a score of 70.16,
categorizing the system as "Good" and "Acceptable" for users. This indicates that the system is user-friendly and
effectively supports business operations. The ability to manage product availability, track orders, and generate invoices
has significantly improved the business process, reducing manual workload and minimizing errors in order fulfillment.
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Further enhancements can be made to improve the system's functionality in the future, such as integrating an online
payment gateway, enhancing security features, and implementing marketing tools like promotions and customer loyalty
programs. By adopting this digital transformation, Anisha Klapertart and Cake can expand their reach, improve customer
engagement, and remain competitive in the evolving e-commerce landscape.
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