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Abstract: The development of a comprehensive and efficient library catalogue system is essential for
improving accessibility to information in modern educational environments. This research addresses the
inefficiencies of manual cataloguing methods at Universitas Muhammadiyah Jambi’s library by proposing
an Object-Oriented Programming (OOP)-based E- catalogue system. The system, developed using Visual
Basic and Microsoft Access, streamlines the book-searching process, enhancing user access to book details
such as authors, titles, and synopses. The system’s user-friendly interface supports features like search,
administration, and data backup, improving both search efficiency and user satisfaction. This research
contributes to the advancement of library management systems, demonstrating the potential of OOP-
based design for future applications in similar academic institutions. Future research can build on this work
by integrating machine learning techniques for personalized book recommendations and expanding the
system's scalability.
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1. Introduction
The education sector has greatly benefited from technological advancements, particularly in how libraries

manage their resources. Libraries, traditionally reliant on manual cataloguing, often experience

inefticiencies and delays in accessing essential resources (Adigun etal., 2024). Libraries traditionally relied

on manual cataloguing methods, which were time-consuming and often inefficient (Majumder, 2024). As

educational institutions continue to grow, the need for a more efficient and accessible system for managing

library resources becomes imperative (Ullah & Usman, 2023). This research is focused on the
development of an E-catalogue system for the library at Universitas Muhammadiyah Jambi, aiming to
address these challenges.

The primary problem identified in the existing library system is the reliance on manual methods for

searching and cataloguing books, leading to inefficiencies and delays in accessing information (Adhiatma
2024). As universities grow, the demand for efficient and accessible systems to manage their resources
intensifies. At Universitas Muhammadiyah Jambi, the library’s existing system faces challenges in meeting
this demand due to the reliance on outdated manual methods. Previous studies (Sonawane et al., 2024).

suggest that digital cataloguing systems can significantly improve the speed and accuracy of information
retrieval. This research aims to design and implement an Object-Oriented Programming (OPP)-based E-
catalogue system to streamline book searches and improve overall library management. This research is
innovative in its application of OOP principles to create a user-friendly system, with the potential for
future advancements, such as integrating machine learning for book recommendations. The significance
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of this research lies in its potential to enhance the operational efficiency of academic libraries, thus
improving the academic experience for students and staff at Universitas Muhammadiyah Jambi. Previous
studies have shown that digital cataloguing systems can significantly improve the speed and accuracy of
information retrieval in libraries (Kolhe, 2021).

The proposed solution is to implement an OPP-based E—catalogue system that utilizes Visual Basic and

Microsoft Access for database management (Northwood, 2018). This system is designed to allow users to
search for books efficiently by using different criteria such as title, author, or category (Crespo et al.,
2011). It also includes an administration interface for managing the database and ensuring the accuracy of
the catalogue (Boufassil et al., 2025). Furthermore, the E-catalogue will incorporate features such as data

backup and the ability to convert files to various formats, enhancing the system's flexibility (Yen & Ng,
2003). The innovation in this research lies in applying OPP principles to create a user-friendly and efficient
system that not only improves the search process but also supports future upgrades, such as the integration
of machine learning for predictive book recommendations (Luo ct al., 2024). By developing this E-

catalogue system, the research aims to improve library management and enhance the academic experience
for students at Universitas Muhammadiyah Jambi.

2. Methods

This research aimed to develop an E-catalogue system for the library at Universitas Muhammadiyah Jambi,
utilizing OOP principles and Microsoft Visual Basic for system design and development. The research
design involved a combination of descriptive research and system development methodologies to analyse,
design, implement, and test the E-catalogue system (Zuliarni et al., 2025).

2.1 Research procedure
The procedure for the development of the E-catalogue system was divided into several stages:
1) Analysis of Current System: The first step involved analysing the current library system to identify

inefficiencies and Chaﬂenges associated with manual cataloguing and searching for books.

Observations and interviews with library staff at Universitas Muhammadiyah Jambi provided insights

into the limitations of the current system (Babu & Krishnamurthy, 2013).

2)  System Design: Based on the findings from the analysis phase, the E-catalogue system was designed
using OPP  concepts. The system’s architecture included the design of the database, the user
interface, and the interaction between the different system components. A State Transition Diagram
(STD) and Data Flow Diagram (DFD) were used to illustrate the process flow and system structure.

3) Development and Implementation: The E-catalogue was developed using Visual Basic for the user
interface and Microsoft Access for database management. The database was designed to store book
details such as title, author, category, and publisher. The interface allowed for easy searching, data

management, and system administration (Chen et al., 2002).

Coding 1. Function Search Book (criteria, value)
Pseudocode Example Open Database Connection
for Book Execute SQL Query to fetch books based on criteria and value
Search If records found

Display books in results
Else
Show "No Results Found"
End Function

Function

4)  Testing and Validation: The system was subjected to unit testing and user acceptance testing to ensure
its functionality. During the testing phase, a sample of 50 students from Universitas Muhammadiyah
Jambi was asked to use the system and provide feedback on its usability and performance. The testing
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5)

focused on the accuracy of the search function, the ease of use of the interface, and the system’s
response time (Afzal et al., 2009).Testing methodology:

a) Functionality Test: Verifying the accuracy of search results.

b)  Usability Test: Gathering user feedback through questionnaires.

) Performance Test: Measuring the system’s response time for different search queries.

Table 1.

Database design for

book details

Table 2.
Login table for
system

administration

Table 3.

Categories table for

books

Table 4.

Information table

for system updates

Field name
KD_BUKU
JuDUL
PENULIS
PENERBIT
TGL_TERBIT
JUM_HAL
BRT_BUKU
JSN_COVER
DIMENSI
KATEGORI
TEXT_BHS
SINOPSIS
COVER
POSISI_PICT
POSISI_TEXT
TGL_INPUT
UKURAN
UKURAN?2

Field name
USERNAME
PASS

Field name
KD_KAT
JEN_KAT

Field name
INFO_ID

INFO

Data type
Text
Memo
Text
Text
Date
Text
Text
Text
Text
Text
Text
Memo
OLE Object
OLE Object
Text
Date
Number

Number

Data type
Text
Text

Data type
Text
Text

Data type
Text

Text

Data Acquisition: Data was acquired through both primary and secondary sources. Primary data was
collected from interviews with the library staff and direct observations of the library's existing
cataloguing system. Secondary data was sourced from academic papers, books, and online journals
related to library management systems and E-catalogue development (Ardiani, 2020).

Description
Unique book code
Book title
Author of the book
Publisher of the book
Date of publication
Number of pages
Weight of the book
Cover type (e.g., hardback, paperback)
Dimensions of the book
Category of the book (e.g., Fiction, Sci-Fi)
Language of the book
Synopsis of the book
Image of the book cover
Position of the book in the library
Description of the book’s location
Date the book was added to the catalogue
Image size

Additional image size

Description
Administrator username

Administrator password

Description
Unique Category COde

Category type (e.g., Technology, Arts)

Description
Unique information identifier
Information about the catalogue updates or
system changes

All figures included in this document have been designed to visually complement the data and provide

clear insights into the research process, system design, and the development of the E-catalogue system for

Universitas Muhammadiyah Jambi. Each figure is numbered consecutively and includes a concise caption

to explain its content.
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Figure 1.

Main course

State Transition
diagram (STD) of
the e-catalog system

User menulih User menulih User memulih User menulih User memilih User memihih

“Home™ “Can” “Admun™ “Bantuan” “Tentang” “Tutup”
Tampilan Tampilan Tampilan Tampilan Tampilan Tampilan
Animasi Layar Can Layar Admm Layar Banfuan Layar Tentang Layar ttup
Selamat
datang
Home Search Admin Help About Close

This figure illustrates the flow of operations within the E-catalogue system, from the initial login screen
to the final book search results. The diagram highlights the various states the system undergoes, such as
entering search criteria, displaying results, and managing user access via the admin panel.

Figure 2.
User runs the

Data Flow Diagram application
(DEFD) of the E-

catalogue system

Sistem Operasi » Login Menu

App Display

The DFD presents a visual representation of the data flow within the E-catalogue system, detailing how
data is processed between the user interface, database, and administrative functions. This figure helps in
understanding the interaction between the system’s components.

Figure 3.

Intro Title

E—Catalogue
database design

structure
' ! ' ! ! d

‘ Home | Search ‘ | Admin ‘ ‘ Help ‘ | About ‘ Close

This figure showcases the schema for the database used in the E-catalogue system, including tables such as
TB_DETAIL_BUKU, TB_KATEGORI, TB_INFO, and TB_LOGIN. It outlines how each table is related
to store and retrieve book data, categories, and user login information.

Figure 4.
Tintro title

User interface for

book search

Loading
Animation in

Main course

This screenshot shows the main interface for searching books in the E-catalogue system. It highlights the
fields available for searching, such as title, author, and category, allowing users to quickly locate the books

they need.
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Figure 5. -
Admin panel for Admin
book management
Y
Login
Category  le— — Report
Detail Book |« _r_ — Set Info
Administrator
1 Menu -
Backup ] ) Set User
Database
Convert le— —»| Set Password

This figure presents the admin panel for managing the E-catalogue database. The admin interface allows
the user to add, update, or delete book entries, manage categories, and back up the database. Each figure
provides a visual representation of key components of the research, helping to clarify complex concepts,
system structures, and functionality within the E-catalogue system. These images were created with
careful attention to detail and quality, ensuring that they align with the content discussed in the text and
provide an effective visual aid for the reader. In the development of the E-catalogue system for the
Universitas Muhammadiyah Jambi library, several mathematical expressions are utilized to optimize the
performance and functionality of the system, particularly in terms of database queries and search
algorithms. Below are the key equations that support the research methodology and implementation
process.

2.2 Search algorithm equation
The equation for retrieving books from the Catalogue based on user input is defined by the following search

function. The search result depends on comparing the user's query against the data stored in the database,
which is calculated using Eq.1.

1 Zn: (Queryi — Cataloguei) 0
ST 4 \Query; + Catalogue;
i=

2.3 Optimization of search function (equation for improved accuracy)

For optimizing search accuracy, an enhancement equation is used that considers the relevance of each
category, title, and author to improve the search result ranking, which is calculated using Eq. 2.

2.4 Data storage equation (database query optimization)

To optimize database queries for faster access to the E-catalogue data, the equation for data storage and
retrieval is calculated using Eq. 3.

Draw
D . = 3
optimized 1 + Log (Dsize) ( )
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3. Results and discussion

This section presents the results of the research on the development and implementation of the E-
catalogue system for the Universitas Muhammadiyah Jambi library, followed by a comprehensive
discussion of these findings. The system was designed and tested to address the inefficiencies of the current
manual cataloguing process, and the following results were observed during the testing phase.

3.1 System performance evaluation

The primary goal of the E-catalogue system was to optimize the process of searching and retrieving library
books. During the testing phase, a sample of 50 students from Universitas Muhammadiyah Jambi used the
system to search for books based on various criteria such as title, author, and category. The system's
response time was recorded for different types of searches.

Figure 6. Search Response Time for Different Search Criteria
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The results indicate that the system was able to perform searches efficiently, with response times averaging
between 1.1 to 1.5 seconds, depending on the search criterion. This is a significant improvement
compared to the previous manual search process, where students often experienced delays due to the need

for physical browsing of books.
3.2 Usability test
In terms of user experience, the system was well received by the users. The usability test conducted with

the participants included a questionnaire that focused on the ease of use, the clarity of the interface, and
overall satisfaction with the system. The results of the survey are summarized in Figure 7.
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Figure 7. Usability Test Results
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The feedback from the participants revealed a high level of satisfaction with the system. Most users found

the interface easy to navigate and appreciated the quick access to relevant book details. This outcome

supports the effectiveness of the system design and highlights the positive impact of implementing an OOP

approach in library management systems (Jbara et al., 2020).

3.3 E-catalogue: Features and advantages

Key features

1. Book Search Functionality: The system allows users to search for books by title, author, and category,
with average response times ranging from 1.1 to 1.5 seconds, significantly faster than the previous
manual system.

2. User-Friendly Interface: Designed for simplicity and ease of use, the interface enables students and
library staff to search for books and manage data without technical difficulties.

3. Admin Panel: Provides library staff with the ability to add, update, or delete book entries, as well as
perform regular data backups to ensure smooth library operations.

4. Data Backup and Management: The system includes an automatic data backup feature to safeguard
against data loss, ensuring that users always have access to up-to-date information.

5. Scalability: The system is designed for easy scalability, allowing for the addition of more books or
features in the future without requiring major changes to the core architecture.

6. Database Optimization: Microsoft Access is used for database management, optimized to improve

search and data retrieval performance.

Advantages of the E-Catalogue system

Efficiency in Book Search: The system provides faster and more accurate book searches, saving time
for users and enhancing library operational efficiency.

Improved User Experience: The intuitive interface has received positive feedback from users, with
an average ease-of-use rating of 4.5/5, indicating high user satisfaction.

Optimized Database Management: Optimized database queries reduce data processing time and
enhance the overall performance of the system.

Scalability for Future Growth: The system is adaptable, with the potential to integrate additional
books, features, or transition to a web-based platform for broader access.
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5. Reduction in Manual Work: By automating, cataloguing and searching, the system reduces manual
tasks, allowing library staff to focus on other essential responsibilities.

Discussion of E-catalogue performance

The E-catalogue system’s performance tests demonstrated significant improvements in search efficiency
and user satisfaction. The system’s response times were considerably faster compared to the manual
method, with users reporting a positive experience due to the intuitive interface. Additionally, database
optimization led to faster query processing, contributing to the system's overall reliability and
performance. Designed with scalability in mind, the system offers flexibility for future developments,
including the integration of machine learning for personalized book recommendations and expansion to a
web-based platform for enhanced accessibility.

3.4 Database efficiency and optimization

The database design and query optimization were critical components of the system's success. The data
acquisition and query optimization results revealed a substantial improvement in data retrieval efficiency.
The system’s database, designed using Microsoft Access, was able to store and process the catalogue data
without any issues related to data redundancy or slow access. To further optimize performance, an
algorithm for sorting and filtering book data was implemented. This algorithm reduced the database query
time by an average of 25% compared to the initial design. The optimized database resulted in faster search
responses and improved overall system performance, making it more reliable for large-scale use.

Figure 8. Comparison of Query Time Before and After Optimization
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These results demonstrate the importance of optimizing database queries for large datasets in academic
libraries (Hamad et al., 2022). With the optimized system, Universitas Muhammadiyah Jambi can
efficiently handle the growing volume of books in their collection.

3.5 System limitations and areas for improvement

While the system showed significant improvements, there are some areas where further enhancements
could be made. One limitation of the current system is the lack of an advanced recommendation system,
which could be implemented by integrating machine learning algorithms. Such a system could analyse user
behaviour and suggest books based on previous searches or borrowed books, further enhancing user
experience. Additionally, the system is currently desktop-based and expanding it to a web-based platform
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would make it more accessible to users off-campus. This would require upgrading the software
infrastructure and ensuring compatibility with mobile devices.

3.6 Discussion

The implementation of the OPP-based E-catalogue system resulted in significant improvements in library
operations at Universitas Muhammadiyah Jambi. The system’s design, built using Visual Basic and
Microsoft Access, allowed users to search for books quickly based on various criteria, such as title, author,
and category. The system’s performance tests showed an average search time of 1.1 to 1.5 seconds,
marking a substantial improvement over the manual system. This is in line with previous studies (Kolhe

2021) that demonstrate the benefits of digital cataloguing in reducing search times. The results from the
usability survey further indicate that the system was well-received, with users rating its ease of use at
4.5/5. These findings support the hypothesis that OOP-based systems can enhance user experience in
academic libraries (Jbara et al., 2020).

The system’s core features the ability to manage and retrieve data efficiently was supported by a robust
database design and optimized query system. Testing showed a 25% improvement in query times after
optimization, reinforcing the importance of database management and query optimization in enhancing
system performance (Hamad et al., 2022).. Additionally, the system’s design allows for easy scalability,

paving the way for future features such as machine learning for personalized recommendations. A key
innovation of this study lies in its use of OPP to develop an adaptable and user-friendly interface. This is a

significant step forward compared to traditional cataloguing systems (Sonawane et al., 2024), offering a
scalable solution that can be expanded to accommodate future needs, such as cloud integration for off-
campus access.

4. Conclusion

This research successfully developed an OOP-based E-catalogue system for the library at Universitas
Muhammadiyah Jambi to address the inefficiencies of the existing manual cataloguing system. The
objectives of this research were to improve the speed and accuracy of book searches, enhance user
experience, and optimize the overall functionality of the library’s cataloguing system. The findings
demonstrate that the implemented E-catalogue system achieved these goals effectively. The system
significantly reduced search times, as evidenced by the improved response times for book searches across
different criteria. Additionally, the usability tests revealed high user satisfaction with the interface,
indicating that the system was user-friendly and met the needs of students and library staff. The database
optimization implemented during the system development also played a crucial role in improving the
efficiency of data retrieval and storage. This aligns with previous studies that emphasize the importance of
database management and optimization in enhancing library management systems (Lin et al., 2024).

In terms of practical applications, the developed E-catalogue system provides Universitas Muhammadiyah
Jambi with a more efficient way to manage its library resources, allowing students and staff to access
information quickly and accurately. This solution can be expanded to incorporate advanced features such
as machine learning-based recommendations for users, providing a personalized experience. Moreover,
converting the system into a web-based platform could further increase its accessibility for users off-
campus. Moving forward, it is recommended that further improvements be made to the system, including
the development of a cloud-based version to facilitate remote access and the integration of more
sophisticated technologies to enhance book recommendation and classification accuracy (AL-Jumaili et

al., 2023). The system’s scalability also offers the potential for future upgrades, ensuring that it remains
effective as the library’s collection continues to grow. In conclusion, this research highlights the potential
of using modern programming techniques to improve the functionality and efficiency of library
management systems, which can be applied to other academic libraries facing similar challenges.
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Nomenclature

S

n

Queryi and Cataloguei
R

T

A

C

Wi, W), W,

optimized
D P

D raw

D size

: is the similarity score between the user query and the catalogue.

: is the total number of entries.

: are the i-th elements of the user query and catalogue entry, respectively.
: is the relevance score of a book to the user’s query.

: is the match score based on the book's title.

: is the match score based on the author's name.

: is the match score based on the category of the book.

: are weights assigned to title, author, and category based on user

preferences or historical data.

: is the optimized database storage.
: is the raw data size before optimization.

: is the size of the data query to be processed.

Page | 85


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2991/978-94-6463-640-6_18
https://doi.org/10.2991/978-94-6463-640-6_18

