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Abstract: This study aims to develop and test the effectiveness of client-
server-based learning media for Object-Oriented Programming courses in
the Informatics Study Program at PGRI University of West Sumatra. The
research employed the Research and Development method with the ADDIE
model. Validation was conducted by media and material experts, with
media validation reaching 77.55% (valid category) and material validation
83.90% (highly valid category). Practicality testing by lecturers showed a
practicality level of 87.00% and by students 86.31% (very practical category).
Learning effectiveness was measured through learning outcome tests with a
classical completeness rate of 96.67 % and an N-Gain value of 0.687 (medium
category). The results indicate that the developed client-server-based
learning media is valid, practical, and effective for distance learning in
Object-Oriented Programming courses.

Keywords: ADDIE; Client-server; Distance learning; Learning media;
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Introduction

The rapid advancement of digital technology has
significantly transformed the educational landscape,
particularly in the realm of distance learning (Siemens,
2005; Garrison & Vaughan, 2008). This transformation
presents both opportunities and challenges in
optimizing the learning process (Rosenberg, 2001).
While mobile technology has become an integral part of
modern education, its implementation still encounters
various technical and pedagogical obstacles (Sari &
Priatna, 2020; Bates, 2019). Several studies indicate that
mobile learning enhances flexibility, yet it requires well-
structured instructional design to maintain student
engagement (Salmon, 2013; Reeves et al., 2002).

One of the main challenges in distance learning is
the limited functionality of mobile applications, which
can hinder access and interaction during learning
activities (Adhani & Nazurrail, 2022; Anderson & Dron,
2011). These limitations not only affect device
performance but also significantly impact learning
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effectiveness (Meyer, 2014;Richardson & Swan, 2003).
Sun et al. (2008) highlighted that technical constraints,
such as unstable internet connections and device
compatibility issues, often disrupt learning continuity,
thereby diminishing the overall quality of students'
educational experiences (Widiastika et al., 2020).

The  development of Information and
Communication Technology (ICT) has encouraged the
transition toward more flexible and adaptive learning
approaches (Laurillard, 2012; Pappas, 2015). Rosenberg
(2001) identified fundamental shifts in learning,
including the movement from conventional classroom-
based instruction to digital learning environments
accessible anytime and anywhere. Additionally, this
transition involves shifting from static, physical media
to dynamic, network-based learning (Bonk & Graham,
2012). The Learning Management System (LMS) has
played a critical role in integrating various elements of
distance learning (Moore & Kearsley, 2011; Picciano,
2017). However, LMS implementations still face
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challenges such as accessibility issues and suboptimal
learner engagement (Sholihah et al., 2023).

A preliminary study conducted through
observations and interviews with Informatics lecturers
at the University of PGRI West Sumatra revealed specific
problems in learning the Object-Oriented Programming
(OOP) course. Students frequently encounter difficulties
in accessing e-learning platforms due to server overload
during peak hours (Fauzi et al., 2021). This issue is
further exacerbated by the reliance on separate
applications with limited mobile functionality, which
hinders seamless interaction between students and
instructors (Ahmad, 2020; Rovai, 2002).

Furthermore, the excessive use of PowerPoint slides
in distance learning has been identified as another
limitation (Fadillah et al., 2021). While PowerPoint
presentations aid in delivering visual information,
excessive dependence on them can reduce instructional
variety and limit student engagement (Nurfadhillah et
al., 2021; Aryanti et al., 2023). Previous studies suggest
that client-server-based learning media can provide a
solution to these issues (Natsir, 2021; Setiawan et al.,
2022). An analysis of nine studies that implemented
client-server architecture in learning showed positive
results in improving learning interactions, as illustrated
in Figure 1.
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Figure 1. Dimensions data

The client-server architecture offers several
advantages for distance learning (Mishra & Panda, 2007;
Means et al., 2010). First, it optimizes mobile application
performance by distributing computing loads between
clients and servers, thereby enhancing efficiency and
minimizing device limitations (Febriana et al., 2021).
Second, the client-server approach ensures consistent
access to learning materials and facilitates more effective
content management (Pappas, 2015). Third, the
integration of interactive features through a server-
managed platform significantly enhances interaction
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and engagement in distance learning (Pratomo &
Irawan, 2015; Al-Qahtani & Higgins, 2013).

The utilization of client-server architecture brings
several significant advantages (Amalia et al., 2023). First,
optimizing the use of mobile applications through
interaction with servers can increase efficiency and
reduce the load on devices (Febriana et al., 2023).
Second, the client-server approach allows for more
consistent access to learning materials and more
effective content management (Natsir 2021). Third, the
integration of interactive features managed by servers
can overcome the limitations of interaction in distance
learning (Widiastika et al., 2020).

The novelty of this research lies in the development
of client-server-based learning media specifically
designed for Object-Oriented Programming courses,
with a strong focus on optimizing distance learning.
Unlike previous studies that separately examined
technical and pedagogical aspects, this study integrates
both to provide a comprehensive learning solution
(Mayer, 2009; Richardson & Swan, 2003).

This study aims to develop and evaluate the
effectiveness of a client-server-based learning platform
that addresses the challenges of distance learning in
OOP courses. The research follows a systematic
development model to ensure validity, practicality, and
effectiveness (Rovai 2002; Meyer, 2014). The expected
outcome is to provide a scalable model that can be
applied to similar learning environments in other
disciplines.

The urgency of this research is reinforced by the
increasing need for innovative learning solutions that
overcome mobile application limitations, optimize
learning interactions, and provide a more adaptive and
responsive learning experience (Moore & Kearsley, 2011;
Reeves et al, 2002). By implementing a client-server-
based approach, this study aims to enhance the quality
of distance learning and offer an effective, scalable
solution for higher education institutions worldwide
(Bonk & Graham, 2012).

Method

This research employed the Research and
Development (R&D) approach to develop a client-server
based learning media for distance learning. The ADDIE
(Analysis, Design, Development, Implementation,
Evaluation) model was adopted as the development
framework, following a systematic process to ensure the
quality and effectiveness of the final product.

Analysis Phase
The analysis phase involved a thorough needs
assessment conducted at the Informatics Education

Study Program of PGRI University of West Sumatra.
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This assessment focused on three main areas: first, the
evaluation of existing learning media, which identified
gaps in the current distance learning practices. Second, a
detailed content analysis was carried out to examine the
Object-Oriented Programming curriculum and its
material requirements, ensuring that it met the academic
standards and learning goals. Finally, a user
requirements analysis was conducted by gathering
input from both faculty and students, allowing for a
comprehensive understanding of their needs and
challenges in the learning process. This phase was
crucial in providing insights to guide the development
of effective and relevant educational tools.

Data collection during this phase utilized
observation and  structured interviews = with
stakeholders. This systematic approach helped identify
specific requirements for the client-server based learning
media.

Design Phase

The design phase focused on creating detailed
specifications for the learning media. This phase
incorporated several key activities: Content Structure
Design: Learning objectives mapping, Material
organization and sequencing, Assessment strategy
development; and Technical Architecture Design:
Client-server infrastructure planning, User interface
wireframing, Database schema design.

Table 1 presents the design
framework used in this phase.

specifications

Table 1. Validity questionnaire grid and assessment
indicators

Aspect Indicator
Quality and Accuracy, Interest, Completeness, Balance,
Purpose Interest/attention, Justice, Compliance with
situation student

Quality Give chance Study, Give help Study, Quality
Instructional motivation, Flexibility instructional,
Connection with other learning programs,

Quality social interaction instructional,

Quality tests and assessments, Can give

impact for student, Can carry impact for

lecturers and their learning

. Technical Legibility, Easy used, Quality
Quality display/impression, Quality Handling

answer, Quality management the program,
Quality its documentation

Development Phase

The development phase involved the actual
creation of the client-server based learning media. This
process followed these steps: Frontend Development:
User interface implementation, Client-side functionality
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development, Responsive design implementation;
Backend Development: Server architecture setup,
Database implementation, APl development; Content
Integration: Learning material digitization, Assessment
system implementation, Media elements integration.

Implementation Phase

The implementation phase utilized a controlled
rollout approach with the following steps: Initial
Testing: System functionality verification, Performance
testing, Security testing; User Training: Faculty
orientation sessions, Student training workshops,
Technical support setup; Pilot Implementation: Small
group testing, Feedback collection, System optimization.

Evaluation Phase
The evaluation phase employed a comprehensive
assessment approach using both quantitative and
qualitative methods: Validity Testing: Expert review by
media specialists (n = 2), Content validation by subject
matter experts (n = 2), Technical validation by IT
professionals; Practicality Assessment: Faculty usability
testing (n = 2), Student experience evaluation (n = 30),
System performance analysis; Effectiveness
Measurement: Pre-test and post-test comparison,
Learning outcome analysis, User satisfaction surveys.
The effectiveness was measured using the N-Gain
(g) Score formula:
g= Spost — Spre % 100 (1)
Smax - Spre
Where:
Spost = Post-test average score
Spre = Pre-test average score
Smax = Maximum possible score

Table 2. Effectiveness evaluation criteria

Level of Achievement Category
0-0.666 In Valid
= 0.667 Valid

This methodology was designed to ensure a
systematic and comprehensive development process,
with clear validation and evaluation procedures at each
stage. The research employed both qualitative and
quantitative data collection methods, providing a robust
framework for developing and assessing the
effectiveness of the client-server based learning media.

Results and Discussion

This study presents the development and
evaluation of a client-server based learning media for
distance education. The research implemented the
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ADDIE development model, consisting of Analysis,
Design, Development, Implementation, and Evaluation
phases. The effectiveness of the developed learning
media was assessed through validation testing,
practicality evaluation, and effectiveness measurement.

Validation Analysis

The validation process involved both media and
content experts to ensure the quality and
appropriateness of the developed learning media. Table
3 presents the results of the media validation assessment
based on three key aspects.

Table 3. Media validation results (Scale 0-1)

Assessment Aspects Validation Values Category
Content Aspects 0.736 Valid
Structural Aspects 0.817 Valid
Technical Aspects 0.77.4 Valid
Average 0.775529101 Valid

Note: Validation criteria: 0.00-0.20 (Invalid), 0.21-0.40 (Less
Valid), 0.41-0.60 (Moderately Valid), 0.61-0.80 (Valid), 0.81-1.00
(Highly Valid)

The content validation assessment, conducted by
two subject matter experts in object-oriented
programming, yielded the following results.

Table 4. Content validation results (Scale 0-1)

Assessment Aspects Validation Values Category
Learning Aspects 0.839 Valid
Material Aspects 0.838 Valid
Average 0.896 Valid

These validation scores align with previous
research by Astuti et al. (2019), who found that well-
designed educational media typically achieve validation
scores above 0.70 on similar assessment criteria.

Practicality Analysis

The practicality of the learning media was
evaluated through assessments by both instructors and
students. Table 5 presents the instructor practicality
assessment results.

Table 5. Lecturer practicality assessment results

Indicators Percentage (%) Category
Ease of Use Aspect 90.00 Very Practical
Time-effectiveness 85.00 Very Practical
Product Appeal 90.00 Very Practical
Media performance 80.00 Very Practical
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Indicators Percentage (%) Category
Equivalence 90.00 Very Practical
Average Percentage (%) 87.00 Very Practical

Note: Practicality criteria: 0-20% (Very Impractical), 21-40%
(Impractical), 41-60% (Moderately Practical), 61-80%
(Practical), 81-100% (Very Practical)

Student practicality assessment results revealed
similar positive outcomes:

Table 6. Student practicality assessment results (n = 30)

Indicators Percentage (%) Category
Ease of use of media 93.33 Very Practical
Time-effectiveness 83.33 Very Practical
Product Appeal 82.89 Very Practical
Media performance 84.00 Very Practical
Equivalence 88.00 Very Practical
Average Practicality 86.31 Very Practical

Effectiveness Analysis

The effectiveness of the learning media was
evaluated using two key metrics: learning mastery
achievement and normalized gain scores. The learning
mastery criterion was set at 75 based on the institution's
minimum competency requirements.

Table 7. Learning mastery achievement (n = 30)

Number of o
students Complete Incomplete Percentage Results (%)
30 29 1 96.67

The normalized gain score analysis showed the
following results.

Table 8. Normalized gain score analysis

cl N Minimum G- Maximum G-  Average G-
ass Score value Score Value Score
I 30 0.27027027 0.930232558 0.6870291

Note: N-Gain criteria: g > 0.7 (High), 0.3 < g < 0.7 (Medium), g
<0.3 (Low)

Implementation and User Response

The implementation phase revealed several key
findings through user feedback. Students reported
increased motivation and engagement with the learning
material, consistent with findings by Pratomo & Irawan
(2015) regarding the positive impact of client-server
based learning systems on student engagement. The
flexibility of accessing learning materials "anytime,
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anywhere" was particularly appreciated, as noted in
student feedback.

"The client-server based learning media facilitates
better understanding of the material and allows for
flexible learning schedules." - Student feedback.

This aligns with recent research on digital learning
flexibility by Rosyid & Mubin (2024), who found that
accessibility and flexibility are key factors in successful
distance learning implementations.

System Improvements

Based on validator feedback, several improvements
were implemented: Enhanced security through
CAPTCHA implementation; Improved material
presentation formatting; Enhanced user interface based
on student feedback.

These improvements contributed to the high
practicality scores observed in both instructor and
student assessments.

Research Limitations

The study acknowledges several limitations: The
implementation was limited to third-semester object-
oriented programming courses; The study involved a
relatively small sample size (n = 30); Time constraints in
testing the complete range of system features.

These limitations suggest opportunities for future
research with larger sample sizes and broader
implementation contexts.

Conclusion

Research on the development of client-server-based
learning media for Object-Oriented Programming
courses has succeeded in producing valid, practical, and
effective products. The validity of learning media is
shown through the assessment of media experts with an
average of 77.55% and material experts 83.90%, meeting
the eligibility standards of learning media. The
practicality aspect is evidenced by positive responses
from lecturers (87.00%) and students (86.31%), showing
the ease of use and effectiveness of learning time. The
effectiveness of learning is reflected in the classical
completeness level of 96.67% and the N-Gain value of
0.687, indicating a significant increase in student
understanding.

Acknowledgements

The authors would like to thank Dr. Mukhlidi Muskhir, S.Pd.,
M.Kom, for guidance, as well as Padang State University for
providing the resources necessary for this study. Gratitude is
also extended to students and faculty participants in the OOP
program for their valuable feedback.

February 2025, Volume 11, Issue 2, 1169-1175

Author Contributions

Conceptualization, methodology, formal analysis, data
curation, and writing—original draft preparation, HP.B.Z.;
supervision, validation, investigation, resources, writing—
review and editing, visualization and software, M.M., D.I,, and
M.G. All authors have read and agreed to the published
version of the manuscript.

Funding
This research received no external funding.

Conflicts of Interest
The authors declare no conflict of interest.

References

Adhani, D. N., & Nazurrail, F. (2022). Keterbatasan
Pembelajaran Daring di Lembaga Pendidikan Anak
Usia Dini Daerah Pesisir Bangkalan. Jurnal Golden
Age, 6(1), 46-54. Retrieved from http://e-
journal.hamzanwadi.ac.id/index.php/jga/article/
view /4153

Ahmad, I F. (2020). Asesmen Alternatif dalam
Pembelajaran Jarak Jauh pada Masa Darurat
Penyebaran Coronavirus Disease (Covid-19) di
Indonesia. PEDAGOGIK: Jurnal Pendidikan, 7(1),
195-222. https:/ /doi.org/10.33650/ pjp.v7il.1136

Al-Qahtani, A. A. Y., & Higgins, S. E. (2013). Effects of
Traditional, Blended, and E-Learning on Students’
Achievement in Higher Education. Journal of
Computer  Assisted  Learning, 29(3), 220-234.
https://doi.org/10.1111/j.1365-2729.2012.00490.x

Amalia, F., Rusdianto, D. S., Pradana, F., & Kurniawan,
T. A. (2023). Pemanfaatan Website Trello dalam
Menunjang  Pembelajaran =~ Kolaboratif — di
Lingkungan Sekolah Menengah Kejuruan di Kota
Malang. Bubungan TinggQi: Jurnal Pengabdian
Masyarakat, 5(1), 197.
https:/ /doi.org/10.20527 / btjpm.v5i1.6849

Anderson, T., & Dron, ]J. (2011). Three Generations of
Distance Education Pedagogy. International Review
of Research in Open and Distributed Learning, 12(3), 80-
97. https:/ /doi.org/10.19173/irrodl.v12i3.890

Aryanti, C. D., & Sitompul, H. (2023). Penggunaan
Variasi Media Pembelajaran untuk Menstimulus
Sikap Aktif Siswa Kelas 5B Selama Pembelajaran
Jarak Jauh. Jurnal Pengembangan Pembelajaran dan
Riset  Fisika, 1(2), 48-56. Retrieved from
https:/ /ojs.uph.edu/index.php/JPPRF/article/vie
w/6767

Astuti, A., Waluya, S. B., & Asikin, M. (2019). Strategi
Pembelajaran dalam Menghadapi Tantangan Era
Revolusi Industri 4.0. Prosiding Seminar Nasional
Pascasarjana,  2(1), 469-473. Retrieved from
https:/ / proceeding.unnes.ac.id /index.php/snpasc
a/article/view /327

1173



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Bates, A. W. (2019). Teaching in a Digital Age: Guidelines
for Designing Teaching and Learning (2nd Ed.).
Vancouver, BC: Tony Bates Associates Ltd.

Bonk, C. J., & Graham, C. R. (Eds.). (2012). The Handbook
of Blended Learning: Global Perspectives, Local Designs.
Pfeiffer.

Fadillah, A., Rahayu, D., & Suriani, S. (2021). Evaluasi
Penggunaan PowerPoint dalam Pembelajaran
Daring. Jurnal Teknologi Pendidikan, 10(2), 56-69.

Fauzi, L. N., Susanti, S. A., & Wardani, M. K. (2021).
Strategi Coping Stres Mahasiswa Selama
Pembelajaran Daring. Jurnal Kajian Keislaman Multi-
Perspektif, 1(2), 254-286.
https://doi.org/10.22515/literasi.v1i2.3716

Febriana, R., Yogi, B.,, Mardi, S., & Pratama, A. (2021).
Client-Server Architecture for Mobile Learning
Applications: A Case Study on Performance and
Accessibility. Applications. Journal of Computer
Science, 7(1), 44-59.

Febriana, W., Anggriani, R, Sumadewa, I. N. Y, &
Rosanensi, M. (2023). Meningkatkan Kemudahan
Pembelajaran Digital Marketing Menggunakan
Mobile Learning di SMAN 2 Aikmel. Target: Jurnal
Manajemen dan Bisnis, 5(1), 9-16.
https://doi.org/10.30812/target.v5i1.2759

Garrison, D. R, & Vaughan, N. D. (2008). Blended
Learning in Higher Education: Framework, Principles,
and Guidelines. San Francisco: Jossey-Bass.

Laurillard, D. (2012). Teaching as a Design Science:
Building Pedagogical Patterns for Learning and
Technology. London: Routledge.

Mayer, R. E. (2009). Multimedia Learning (2nd Ed.).
Cambridge University Press.

Means, B., Toyama, Y., Murphy, R., Bakia, M., & Jones,
K. (2010). Evaluation of Evidence-Based Practices in
Online Learning. Structure, 66. Retrieved from
www.ed.gov/about/ offices/list/ opepd/ppss/rep
orts.html

Meyer, K. A. (2014). Student Engagement in Online
Learning: What Works and Why?. ASHE Higher
Education Report, 40(6), 1-114.
https://doi.org/10.1002/aehe.20018

Mishra, S., & Panda, S. (2007). Development and Factor
Analysis of an Instrument to Measure Faculty
Attitude Towards E-Learning. Asian Journal of
Distance Education, 5(1), 27-33. Retrieved from
https:/ /www.asianjde.com/ ojs/index.php/ Asian]
DE/article/view /80

Moore, M. G., & Kearsley, G. (2011). Distance Education:
A Systems View of Online Learning (3rd Ed.). Cengage
Learning.

Natsir, M. F. (2021). Client Server Based Integrated
School System Design and Implementation. Arkus,
6(2), 113-116.
https://doi.org/10.37275/arkus.v6i2.85

February 2025, Volume 11, Issue 2, 1169-1175

Nurfadhillah, S., Tantular, L. D., Syafitri, H. A., Fauzan,
M. I, & Hagqg, A. S. (2021). Analisis Pengembangan
Media Interaktif Berbasis Power Point pada
Pembelajaran Jarak Jauh di MI Darussaman.
PENSA: Jurnal Pendidikan dan Ilmu Sosial, 3(2), 267~
279. Retrieved from
https:/ /ejournal.stitpn.ac.id/index.php/pensa

Pappas, C. (2015). Top 10 ELearning Statistics for 2015 You
Need to Know. ELearning Industry.

Picciano, A. G. (2017). Theories and Frameworks for
Online Education: Seeking an Integrated Model.
Online Learning Journal, 21(3), 166-90.
https:/ /doi.org/10.24059/ 0lj.v21i3.1225

Pratomo, A., & Irawan, A. (2015). Pengembangan Media
Pembelajaran Interaktif Berbasis Web
Menggunakan Metode Hannafin dan Peck.
POSITIF - Jurnal Sistem dan Teknologi Informasi, 1(1),
14-28. Retrieved from
https:/ /ejurnal.poliban.ac.id/index.php/Positif /a
rticle/view /204

Reeves, T. C., Herrington, J.,, & Oliver, R. (2002).
Authentic Activities and Online Learning. Herdsa
(May 2014), 562-67.

Richardson, J. C.,, & Swan, K. (2003). Examining Social
Presence in Online Courses in Relation to Students’
Perceived Learning and Satisfaction. Journal of
Asynchronous  Learning  Networks, 7(1), 68-88.
https:/ /doi.org/10.24059/ 0lj.v7i1.1864

Rosenberg, M. ]. (2001). E-Learning: Strategies for
Delivering Knowledge in the Digital Age. New York:
McGraw-Hill.

Rosyid, A., & Mubin, F. (2024). Pembelajaran Abad 21:
Melihat Lebih Dekat Inovasi dan Implementasinya
dalam Konteks Pendidikan Indonesia. Tarbawi:
Jurnal pemikiran dan Pendidikan Islam, 7(1), 1-12.
https:/ /doi.org/10.51476/ tarbawi.v7i1.586

Rovai, A. P. (2002). Building Sense of Community at a
Distance. International Review of Research in Open and
Distance Learning, 3(1), 1-16.
https:/ /doi.org/10.19173 /irrodl.v3i1.79

Salmon, G. (2013). E-Tivities: The Key to Active Online
Learning (2nd Ed.). New York: Routledge.

Sari, R. M. M., & Priatna, N. (2020). Model-Model
Pembelajaran di Era Revolusi Industri 4.0 (E-
Learning, M-Learning, AR-Learning dan VR-
Learning). Jurnal Ilmiah Fakultas Keguruan dan Ilmu
Pendidikan, 6(1), 107-115.
https:/ /doi.org/10.35569/biormatika.v6i1.699

Setiawan, K, Naomi, S., & Winata, W. (2022).
Pengembangan Desain Media Pembelajaran
Berbasis Google Sites kepada Guru pada

Pembelajaran Daring di SMP Islam Harapan Ibu
Jakarta-Selatan. Jurnal Instruksional, 4(1), 73-82.

https:/ /doi.org/10.24853 /instruksional.4.1.%25p
Sholihah, K., Anbiya, B. F., & Qonita, D. U. (2023). Online
1174



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Learning: Tantangan dan Peluang Pasca Pandemi
Covid-19. Research in Education and Technology
(REGY), 1(2), 111-117.
https:/ /doi.org/10.62590/regy.v1i2.84

Siemens, G. (2005). Connectivism: A Learning Theory
for the Digital Age. International Journal of
Instructional Technology and Distance Learning, 2(1),

3-10. Retrieved from
http:/ /www.itdl.org/Journal/Jan_05/article01.ht
m

Sun, P.-C,, Tsai, R. ]., Finger, G., Chen, Y.-Y., & Yeh, D.
(2008). What Drives a Successful E-Learning? An
Empirical Investigation of the Critical Factors
Influencing Learner Satisfaction. Computers &
Education, 50(4), 1183-1202.
https:/ /doi.org/10.1016/j.compedu.2006.11.007

Widiastika, M. A., Hendracipta, N., & Syachruroji, A.
(2020). Pengembangan Media Pembelajaran Mobile
Learning Berbasis Android pada Konsep Sistem
Peredaran Darah di Sekolah Dasar. Jurnal Basicedu,
5(1), 47-64.
https://doi.org/10.31004/basicedu.v5i1.602

February 2025, Volume 11, Issue 2, 1169-1175

1175



