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Keywords: The library management system at SMAN 1 Abung Pekurun remains
Digital Library, conventional, leading to several challenges such as inefficiency in book
Information System, searching, vulnerability to data entry errors, and limited accessibility of
SMAN 1 Abung Pekurun, information. This study aims to design and develop a web-based digital
Waterfall Model, library system (E-Library) to address these problems. The system
Web-Based System. development method applied follows the Software Development Life

Cycle (SDLC) using the Waterfall model, which includes the stages of
requirement analysis, system design using Unified Modeling Language
(UML), implementation with PHP and MySQL, and functional testing.
The results demonstrate that the developed E-Library system is fully
functional, having successfully passed 100% of 25 Black Box Testing
scenarios. The system implementation effectively transformed the
library’s manual operations into a digital platform, significantly improving
service time efficiency, data accuracy, and information accessibility for
users, while simplifying reporting processes for library staff and school

management.
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INTRODUCTION

In the current digital era, information technology has become a major driving force behind
transformation across various sectors, particularly in education. The ability to access, manage,
and distribute information effectively has become a fundamental standard for achieving qual-
ity educational services (Nafisah & Nurjanah, 2022). The library, as the central repository of
knowledge and a critical component of the academic ecosystem, plays an essential role in
adapting to this transformation. Its function has evolved from being a traditional book storage
facility into a dynamic digital information gateway, where the use of web-based systems is
no longer an option but a necessity to deliver efficient, reliable, and relevant services (Asana,
Putra, & Harini, 2021; Winarti & Hidayat, 2024).

Despite this transformation, the adoption of digital systems in many educational insti-
tutions remains inconsistent. At SMAN 1 Abung Pekurun, library management activities in-
cluding cataloging, book searches, lending and returning processes, and report generation
are still carried out manually using logbooks and physical member cards. This conventional
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approach, although functional, presents several limitations that reduce service quality and
operational efficiency (Rahmawati & Bachtiar, 2018; Gunawan, Arifin, & Sujono, 2023).

The main issues identified in the manual system include inefficient search procedures,
vulnerability to data inaccuracies, and limited accessibility. For instance, users must manually
browse the shelves to locate books, as no digital catalog exists to confirm book availability or
location. This process is time-consuming and can reduce user engagement (Kurniawan, Se-
tiawansyah, & Nuralia, 2024). Furthermore, manual record-keeping is highly prone to human
error such as incorrect entry of borrower names, dates, or book codes and lacks proper backup
mechanisms, making physical ledgers susceptible to damage or loss (Subekti & Pratama,
2024; Suhatsyah, 2020). Accessibility is also constrained, as users can only obtain infor-
mation during library hours, creating a mismatch with modern learning habits that demand
continuous access to resources (Ridlo & Saputra, 2023).

Additionally, the manual preparation of statistical reports and circulation summaries re-
quires significant time and effort, often leading to inconsistent and inaccurate data (Meylani
& Putri, 2024). These inefficiencies are illustrated in Figure 1, which shows the workflow of
the existing manual borrowing process.
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Figure 1. Manual Book Borrowing Workflow

To address these challenges, the implementation of a web-based digital library infor-
mation system represents an effective and strategic solution. Such a system can automate
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manual processes, manage library data more efficiently, and enhance user access through
integrated web platforms (Hotimah & Nurfathoni, 2022; Marthanugraha & Prasetyo, 2024).
A web-based design centralizes all data, allowing users to search for, borrow, and monitor
books online, regardless of time or location (Sisephaputra & Pradana, 2025).

Therefore, this study focuses on the design and implementation of a functional, reliable,
and user-friendly web-based E-Library system as a case study at SMAN 1 Abung Pekurun.
The system aims to modernize library services, improve operational efficiency and data accu-
racy, and support the broader goal of digital transformation within educational institutions
(Bhakti, 2022; Suhendra & Rahmawati, 2022).

METHODS

Research and Development Methodology
The research and development process of the E-Library system followed the five main stages
of the Waterfall model, which provides a structured and sequential framework for system
development (Kurniawan, Setiawansyah, & Nuralia, 2024). This model ensures that each
stage from requirement analysis to maintenance is completed thoroughly before moving to
the next, allowing for precise documentation and quality assurance throughout the process
(Subekti & Pratama, 2024). The stages of development are described as follows.
Requirement Analysis

This phase served as the foundation of the project, where the researchers conducted a
comprehensive analysis of the existing library management system to identify both functional
and non-functional requirements. Data collection involved direct observation of daily library
operations and interviews with key stakeholders, including librarians, teachers, and students,
to understand the current challenges and expectations (Gunawan, Arifin, & Sujono, 2023).

As part of the as-is analysis, the manual borrowing process was mapped to identify
inefficiencies, redundancies, and potential sources of human error. The workflow of this man-
ual process is presented in Figure 2, which visualizes the sequence of activities in book bor-
rowing.

Figure 2. Flowchart of the Existing Manual Borrowing Process
As shown in Figure 2, the process begins when users physically search for books on
the library shelves. Once a book is located, the librarian manually records the borrower’s in-
formation in a logbook. This manual procedure lacks real-time validation and stock tracking,
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which often results in incomplete records, duplicate entries, and inaccuracies in book availa-
bility.

The results of this phase formed the basis for creating the Software Requirements
Specification (SRS) document, which defines all necessary functions and performance stand-
ards for the new system (Rahmawati & Bachtiar, 2018). Functional requirements included
login authentication, book data management, and transaction recording, while non-functional
requirements emphasized usability, data security, responsiveness, and multi-device compat-
ibility (Meylani & Putri, 2024).

System Design

Once the requirements were established, the next step was to translate them into a
structured system design. The system architecture and user interactions were modeled using
the Unified Modeling Language (UML) approach, which provides a standardized representa-
tion of system components and their relationships (Marthanugraha & Prasetyo, 2024).

To define the overall functional scope, a Use-Case Diagram was developed, as shown
in Figure 3, illustrating how different user roles interact with system functionalities.
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Figure 3. Use Case Diagram of the E-Library System

The system identifies four main user roles: the Administrator (Librarian), Students,
Teachers, and the Principal. Each role has specific access rights—administrators can fully
manage book data and user transactions; students and teachers can search for and borrow
books; and the principal can view comprehensive borrowing and stock reports for monitoring
purposes (Hotimah & Nurfathoni, 2022). This multi-level access ensures data integrity and
efficient management of library operations.
Proposed Workflow Design

Based on the results of the requirement analysis, a new digital workflow was designed
to replace the manual system. The improved workflow emphasizes automation, accuracy, and
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accessibility. The proposed borrowing process is illustrated in Figure 4, which represents the
operational flow of the web-based E-Library system.
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Figure 4. Flowchart of the Proposed Web-Based Borrowing Process

As depicted in Figure 4, users can now search for books online through the system’s
web interface. Once a book is found, the user submits a borrowing request, which is auto-
matically recorded in the database. The system updates the book’s stock in real-time and
provides a notification to the librarian, who verifies the transaction through the admin dash-
board. This automated design minimizes manual effort, reduces data-entry errors, and sup-
ports real-time synchronization between users and the library database (Bhakti, 2022; Win-
arti & Hidayat, 2024).

This digital workflow also enables automatic data logging, centralized reporting, and
continuous accessibility, which enhance accuracy, transparency, and service efficiency (Ridlo
& Saputra, 2023).

Implementation and Coding

The implementation stage translated the system design into executable code using
technologies suited for web-based applications. The system was built using PHP as the main
programming language, combined with Codelgniter 4 framework, which applies the Model-
View-Controller (MVC) architecture to ensure modularity and maintainability (Asana, Putra,
& Harini, 2021). The MySQL database was utilized to manage structured data, while HTMLD5,
CSS3, and JavaScript were used to create a responsive and interactive user interface (Su-
hatsyah, 2020).
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Each software module was implemented according to its UML design to maintain trace-
ability between the blueprint and the final system. The modular structure allows for scalability
and simplifies future feature enhancements (Sisephaputra & Pradana, 2025).

System Testing

Once implementation was complete, the system underwent Black-Box Testing to eval-
uate functional performance. This testing approach validates the system’s external behavior
by examining input and output relationships without analyzing internal code logic (Rouza &
Siregar, 2023).

Each critical function such as user login, book search, borrowing, returning, and report
generation was tested using predefined input scenarios. The system achieved a 100% suc-
cess rate across all 25 test cases, confirming that it met all expected outputs and performed
reliably across multiple user roles (Gunawan et al., 2023).

Maintenance

The final stage, Maintenance, occurs after deployment and focuses on ensuring long-
term functionality and adaptability of the system. Maintenance activities include both correc-
tive maintenance, such as fixing bugs, and adaptive maintenance, involving enhancements to
meet evolving user needs (Suhendra & Rahmawati, 2022).

Future maintenance recommendations include integrating features such as automated
notifications, QR code-based borrowing, and mobile application support to expand accessi-
bility and further enhance user engagement (Azrina & Putri, 2024). The research and devel-
opment process of the E-Library system followed the five main stages of the Waterfall model,
as illustrated below.

RESULTS AND DISCUSSION
Based on the system design described in the previous section, the Web-Based E-Library Sys-
tem for SMAN 1 Abung Pekurun was successfully developed and implemented. The system
provides a comprehensive solution to the weaknesses identified in the previous manual pro-
cess by delivering a user-friendly interface and functionality tailored to the school’s library
management needs. This section presents the implementation results, system interface, func-
tional testing, and discussion of the system’s positive impact.
System Interface Implementation
The user interface (Ul) of the developed system was designed with a clean, intuitive
layout to ensure ease of use for all user categories — including students, teachers, and library
staff.
Home Page
The home page serves as the main gateway for users to interact with the system. It
provides essential information about the E-Library and offers three main navigation options:
1. Admin Login, for authorized library staff.
2. Book Catalog, for public access to the list of available books.
3. User Login, for students and teachers to access their borrowing history.
The homepage layout is shown in Figure 5, which highlights the system’s navigation
structure and welcoming interface designed for ease of access.
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Figure 5. E-Library Home Page Interface

The interface is optimized for both desktop and mobile devices, ensuring consistent ac-
cess and performance. Users can browse the book catalog, view summaries, and check real-
time availability directly from the homepage.

Book Management Page (Admin)

One of the system’s key features is the Book Management Page, accessible exclusively
to administrators or library staff. Through this interface, the admin can perform Create, Read,
Update, and Delete (CRUD) operations on the book collection. The input form allows complete
data entry, including ISBN, title, author, publisher, cover image, category, and stock quantity.
Figure 6 shows the book editing page where the librarian can modify the stock quantity or
update other book details in real-time.

Figure 6. Admin Page for Editing Book Data

This feature ensures that the book catalog remains accurate and up to date, reducing
the risk of data duplication or human error commonly found in manual record-keeping.
System Testing

To ensure the system meets all defined functional requirements, Black-Box Testing was
conducted. This testing focused on verifying the input-output functionality of each feature
without examining the internal code structure. A total of 25 test scenarios were executed,
covering the system’s core functions such as login, search, book borrowing, and returning.
The results are summarized in Table 1 below.
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Table 1. Results of Functional Testing Using the Black-Box Method

No Test Case Testing Scenario Expected Test Result Conclusion
Output
1 UserlLogin The wuser enters The system The dashboard Passed
valid credentials. redirects to the s displayed
appropriate correctly.
dashboard.
2 Invalid The user enters an The system “Invalid Passed
Login incorrect username displays an username or
or password. error message. password”
appears.
3 Book The user types a The system Relevant book Passed
Search book title keyword. displays listis shown.
matching
results.
4 Add Book Admin fills all fields The new book Book Passed
Data in the form and appears in the successfully
(Admin) saves. list. saved and
displayed.
5 Edit Book Admin changes The stock Stock updated Passed
Data stock quantity for a quantity successfully.
(Admin) book. updates.
6 Delete Admin deletes a The record is Book Passed
Book Data selected book removed. successfully
(Admin) record. deleted.
7 Borrowing  Student/Teacher Transaction Transaction Passed
Process clicks “Borrow” on recorded; stock saved; stock
available book. decreases. reduced.
8 Return Admin processes a Status Status Passed
Process returned book. updated; stock updated and
(Admin) increases. stock restored.

All 25 test cases were successfully executed, achieving a 100% success rate with no

functional errors detected. The results are visualized in Figure 7.
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Figure 7. Functional Testing Result Summary
Description. Figure 7 presents a vertical bar graph titled “Functional Testing Results.”
The Y-axis represents the number of test cases (0-25), and the X-axis consists of two cate-
gories: “Passed”and “Failed.”The bar for “Passed”reaches the maximum of 25, while “Failed”
remains at 0. This visualization demonstrates that every feature operated as intended. The
system met all expected outputs for each scenario, validating its functionality and stability.
Discussion of Implementation Impact
Following successful development and validation through functional testing, the E-Li-
brary system was deployed at SMAN 1 Abung Pekurun. Its implementation yielded several
measurable and qualitative benefits, addressing all previously identified issues.
a. Time Efficiency
Users can now search for books by title, author, or category within seconds a substan-
tial improvement compared to the manual shelf-search process. Borrowing and return-
ing procedures have also been streamlined to only a few clicks, significantly reducing
service time.
b. Data Accuracy
Digital management minimizes the risk of human error in recording transactions. Each
borrowing and return action automatically updates stock quantities in real-time, ensur-
ing up-to-date information and accurate data synchronization across all system com-
ponents.
c. Accessibility
The E-Library can be accessed online anytime and anywhere through an internet con-
nection, removing the physical and time constraints of traditional libraries. Students and
teachers can independently check availability and borrowing history outside school
hours.
d. Reporting Convenience
Both the librarian and school principal can easily generate reports such as borrowing
statistics, active members, and book collections automatically. These reports support
data-driven evaluation, resource planning, and strategic decision-making for library
management.
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CONCLUSION

Based on the results of the design, implementation, and testing stages, this research success-
fully developed a web-based digital library information system (E-Library) for SMAN 1 Abung
Pekurun using the Software Development Life Cycle (SDLC) with the Waterfall model. The
functional validity of the system was verified through Black-Box Testing, which achieved a
100 percent success rate across twenty-five test scenarios. These results demonstrate that
the developed system performs reliably and meets all specified functional requirements. The
implementation of the E-Library system has effectively transformed the library’s operational
workflow from a manual to a digital environment, addressing the fundamental issues identi-
fied in the previous system, including inefficient workflows, data inaccuracy, and limited ac-
cessibility. This transformation has resulted in measurable improvements, particularly in ser-
vice efficiency, data accuracy, information accessibility, and reporting convenience. The sys-
tem enables faster and more organized book searches and circulation processes, ensures that
data are recorded automatically and consistently, provides users with greater access to library
resources regardless of time and location, and facilitates the generation of structured and
accurate reports to support effective decision-making within the school management context.
Although the developed system successfully meets its primary objectives, several opportuni-
ties remain for further enhancement. Future research and development are recommended to
focus on the creation of a mobile application for flexible access, the integration of automated
notifications via email or WhatsApp to remind users of book return deadlines, and the imple-
mentation of a book reservation feature to allow advance borrowing requests. Furthermore,
incorporating barcode or QR code scanning would enhance the accuracy and efficiency of
circulation transactions. The inclusion of these advanced features would further enrich user
experience, expand system functionality, and elevate the digital maturity of the library toward
a more adaptive and intelligent service model.
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