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Introduction

Abstract: This research paper proposes the development of an application to support an
intelligent learning environment in a project-based cooperative learning model on Java
programming courses. The application is built using the Laravel framework where the end
result later lecturers can easily see the student portfolio of each learning access on the java
programming course. An intelligent learning environment will enable students to learn
from their experiences, adapt to new input, and perform project tasks already assigned to
lecturers. This application will also help teachers in groups that are adapted from the
cooperative learning model of the STAD type. The proposed application will be designed
to make it easier for teachers to form groups based on the ability of students from high,
medium and low, so that the groups formed are not homogeneous groups. This application
will be useful for a variety of study programmer that have practical programming courses
devised. This paper will discuss the benefits of cooperative learning, project-based
learning, and intelligent learning environments in the context of Java programming
courses. It will also provide insights into the proposed application development process.
This application facilitates communication and discussion among students in a group that
is easily connected with their lecturer, so that the lecturer can also monitor the activity of
the group members. This paper will conclude with a discussion of the potential impact of
the proposed applications on the field of education and the future in the learning
environment.

Keywords: Application; Cooperative learning; Java programming; Project based learning;
Smart learning environment

Cooperative Project-Based Learning (CPBL) model,
specifically applied to the Java Programming Course.

i

In the ever-evolving landscape of education,
technology has emerged as a transformative force,
shaping the way we facilitate learning experiences by
Agbo et al. (2019), Ahmad et al. (2013), Syawaludin et al.
(2022) and Azzouz et al. (2022). This study delves into
the dynamic intersection of education and technology,
presenting an innovative application designed to
enhance the Smart Learning Environment within the

How to Cite:

Based on Johnson et al. (2014) as the demands of the
modern workforce continue to evolve, there is an
increasing need for educational approaches that foster
collaborative problem-solving, critical thinking, and
hands-on practical skills. According to Nurbekova et al.
(2020), Cooperative Project-Based Learning has emerged
as a pedagogical framework that aligns well with these
demands, emphasizing teamwork and real-world
application of knowledge. Based on Liu et al. (2020), this
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article explores the development and implementation of
an application tailored to support the Smart Learning
Environment within the context of Cooperative Project-
Based Learning. The focus is on the Java Programming
Course, a subject that demands a comprehensive
understanding of programming concepts and
encourages students to work together on practical
projects. the lack of understanding in the concepts in
learning a programming language has reduced students'
interest in further exploration and experimentation on
their own (Tan et al., 2009).

Through this research, we aim to contribute to the
ongoing discourse on technology-enhanced education
by providing insights into the design, implementation,
and impact of a OSmart Learning Environment
application. According to Haleem et al. (2022), the
integration of technology in the Cooperative Project-
Based Learning model aims to create an immersive and
collaborative educational experience, fostering a deeper
understanding of Java programming concepts and
preparing students for the challenges of the digital era.

We realise that nowadays, the creation of software
applications requires coordinated collaboration between
one or more team members (Ding et al., 2017; Hutchins
et al., 2020; Nykénen et al., 1998). According to Sancho-
Thomas et al. (2009) as such, software professionals need
to possess certain skills, such as effective
communication, leadership, negotiation, and team
management, to ensure successful teamwork, and STAD
cooperative learning model elaborated with project-
based learning model can be applied to train teamwork
skills, such as communication, leadership, negotiation,
or team management (Karaahmetoglu et al., 2019). This
is evident from the results of research on student
obstacles in learning programming languages, the
highest percentage of which is the competence of
working with classmates (collaboration) of 35% based on
Effendi et al. (2019). The application of cooperative
project-based learning models in programming courses
has been carried out by several researchers including
based on Melyanti et al. (2024). According to Hamburg
et al. (2004), the subsequent sections of this article will
detail the methodology, features, and outcomes of the
application, offering a comprehensive analysis of its
effectiveness in supporting a dynamic and engaging
learning environment. The developed smart learning
application serves as an invaluable tool for instructors
by streamlining the process of providing practical
modules (Andry, 2023). With user-friendly interfaces
and comprehensive features, the application allows
instructors to effortlessly create and share practical
modules tailored to the Java programming course
(Jazayeri, 2015). Additionally, the application
incorporates a real-time room chat feature, facilitating
seamless communication between team members and
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instructors. This feature not only enhances collaboration
but also enables quick and effective communication,
fostering an interactive learning environment (Keser et
al., 2010). Furthermore, the application addresses the
constraints of limited study time by offering the
flexibility to access learning materials and engage in
discussions at any time (Samarakoon et al., 2022).
Meanwhile according to Adriyawati et al. (2020), this
adaptability supports online monitoring, allowing
instructors to keep track of students' progress and
address queries promptly, overcoming the challenges
posed by constrained learning durations.

In summary, the smart learning application is a
multifaceted solution that eases the burden on
instructors in delivering practical modules, fosters
collaboration  through real-time communication
features, and accommodates the constraints of limited
study time by enabling online monitoring. The
application not only enhances the learning experience
for students but also empowers instructors with efficient
tools for managing and optimizing the cooperative
project-based learning model in the Java programming
course.

Method

In the ever-evolving landscape of education, the
integration of technology has become imperative to
enhance learning experiences and outcomes. This
research endeavors to explore the implementation of a
Smart Learning environment within the context of
Cooperative Project Based Learning (CPjBL) for the Java
Programming course. The ADDIE (Analysis, Design,
Development, Implementation, Evaluation)
methodology serves as the foundational framework,
guiding the systematic development and assessment of
a digital platform tailored to the specific needs of the
course (Lin et al., 2022).

Figure 1. The ADDIE development model

ADDIE model design is a pedagogical model that
guides the construction of software and learning
materials based on needs. This platform enables
instructors to input pretest and post-test questions,
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group students based on their proficiency levels, and
directly input grades, providing a comprehensive tool
for tracking and evaluating student progress.
Additionally, it empowers students to access their
session portfolios, fostering a dynamic and interactive
learning environment. This study aims to contribute

Table 1. ADDIE Table
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valuable insights into the effectiveness of Smart
Learning in tandem with CPBL, offering a potential
model for optimizing programming education. The
following are the stages of conducting research using the
ADDIE development model, as depicted in Figure 1.

Analysis Design Development Implementation Evaluation
a. Needs Analysis a. System Design a. Implementation a. Training a. User Feedback:
o Identify the e Design the structure of e Develop the Smart e Conduct training e Collect feedback from

learning needs and the Smart Learning Learning sessions for users (both students and
objectives for application with application with the instructors to instructors) regarding
students in the features supporting designed features. understand the their experience with
Java Programming CPBL. e Implementa  integration of the the Smart Learning

course. ¢ Design a user-friendly mechanism for application into platform.
o Review the and intuitive interface. instructors to input teaching. e  Assess the usability and
existing e Incorporate the grades and assess e Raise awareness effectiveness of the
curriculum and capability for instructors student among students CPBL model.
learning to input pretest and performance. about the use
guidelines. post-test questions e Develop a system and benefits of
e Analyze the for students to the Smart
technological access and view Learning
requirements and their portfolios from platform
infrastructure completed sessions
needed for Smart
Learning
b. Content Analysis b. Curriculum Integration: b. Content Development b. Rollout b. Performance Data:

e Determine the
content to be

¢ Define the learning
content to be integrated

e Develop project- e
based learning

Gather data on student
learning outcomes from

Implement the o
Smart Learning

included in the into the platform. materials aligned application pretest and post-test
Smart Learning ¢ Design a system for with the course gradually results.
platform. grouping students based objectives. based on the e Analyze the inputted
o Identify suitable on pretest results (low, Ensure the existing grades to evaluate the
methods and medium, high application curriculum. achievement of expected
strategies for proficiency). supports dynamic ¢  Monitor the competencies for each
Cooperative ¢ Create a mechanism for grouping based on initial session.
Project Based instructors to input pretest results. implementation
Learning (CPjBL). student grades for e Regularly test the for feedback and
assessing the functionality and improvements.

achievement of learning
objectives

performance of the
application.

c. Analysis and Adjustments:
e  Analyze the collected
data to evaluate the

overall effectiveness of

the Smart Learning
approach.

¢ Implement necessary
adjustments and
improvements based on

the evaluation results

Result and Discussion

Results should be clear and concise. The discussion
should explore the significance of the results of the work,
not repeat them. A combined Results and Discussion

section is often appropriate. Avoid extensive citations
and discussion of published literature.

In this study, system validation was conducted by
involving IT experts who have experience in developing
smart learning applications and systems. The validation
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method involves functional and technical analysis of the
system, as well as evaluation against predefined criteria.

Success Criteria

Functionality: The extent to which the system supports
smart learning environment and Cooperative Project
Based Learning Model in Java Programming course.
Performance: The speed and response of the system in
providing information and supporting user interaction.
Security: The level of security of the system against
potential threats and other security risks.

Validation Metrics

Functionality: Percentage of core features implemented.
Percentage of success in supporting Cooperative Project
Based Learning.

Performance: Average response time for each user
action.

Number of concurrent users that the system can handle.
Security: The success of the system in detecting and
preventing potential security threats.

Quality of data encryption used.

Validation Formula

Functionality:

Percentage of core features implemented (F) = (Number
of core features implemented / Total core features) x
100%.

Percentage of success in supporting Cooperative Project
Based Learning (C) = (Number of successful projects /
Total projects conducted) x 100%.

Average response time (W) = (Number of response times
for each user action / Number of user actions).

Number of concurrent users (U) = Number of concurrent
users that the system can handle.
learning status Tiining
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Iu.:mmg performance
" evaluation module Tost ank
)
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Figure 2. Framework of a smart learning environment

As for the display form group formation result display
through smart learning application.
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Figure 3. Group formation result display through smart
learning application
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Figure 4. Menu display for lecturers in smart learning
application

Functionality (F)

The assessment of functionality serves as a critical
measure in evaluating the efficacy of the developed
system. Functionality, often considered the cornerstone
of any technological application, encapsulates the
successful implementation of core features intended to
enhance user experience and meet the specified
objectives. In the context of our system, functionality is
appraised by examining the extent to which essential
features, integral to the seamless operation of the
application, have been realized.

To quantify functionality, we employ a
straightforward yet informative metric: the Percentage
of Core Features Implemented (F). This calculation
involves determining the ratio of implemented core
features to the total number of core features, expressed
as a percentage. A higher percentage indicates a more
comprehensive implementation of essential
functionalities, showcasing the system's ability to fulfill
its intended purpose effectively.

Table 2. Assessment
F C W U
85% 75.62% 3.5 Seconds 47.5 users

As for the results of the control class and
experimental class for cognitive aspects in the use of the
CPjBL learning model supported by this smart learning
application can be seen in the table 3.
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Table 3. Control and Experiment Class

No Control Class Experiment Class

Pretest  Posttest Pretest Posttest
1 35.00 85.00 35.00 85.00
2 15.00 75.00 15.00 82.50
3 17.50 75.00 17.50 82.50
4 40.00 85.00 40.00 90.00
5 0.00 70.00 30.00 82.50
6 15.00 70.00 37.50 82.50
7 27.50 65.00 40.00 90.00
8 20.00 70.00 17.50 75.00
9 30.00 85.00 22.50 85.00
10 17.50 75.00 27.50 85.00
11 15.00 60.00 22.50 82.50
12 27.50 80.00 47.50 90.00
13 20.00 80.25 12.50 70.50
14 30.00 85.00 40.00 90.00
15 17.50 70.50 20.00 80.00
16 22.50 75.00 30.00 85.00
17 27.50 80.00 17.50 75.00
18 22.50 75.00 30.00 85.00
19 22.50 70.25 35.00 85.00
20 27.50 85.00 17.50 85.00
21 22.50 75.00 17.50 80.00
22 27.50 82.50 37.50 90.00
23 22.50 80.25
24 30.00 80.25
25 32.50 75.00
26 40.00 90.00
27 15.00 70.00
28 27.50 75.00
29 30.00 85.00
30 27.50 80.00
Median 22.73 76.07 27.63 82.45

Posttest Pretest

50,00
40,00
30,00

100,00

80,00

60,00

20,00 40,00

10,00 20,00
0,00 0,00

9 11 13 15 17 19 21

Figure 5. Control class

Posttest Pretest

1 3 5 7 9 1113 1517 19 21 23 25 27 29

Figure 6. Experiment Class
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Figure 7. Cognitive scores of experimental and control classes

Functionality (F): The average functionality score is
85%, indicating a well-implemented set of core features
as evaluated by the four experts. Cooperative Project
Based Learning (C): The average success rate in
supporting Cooperative Project Based Learning is
75.62%, demonstrating a commendable level of success
with room for improvement. Average Response Time
(W): The average response time is 3.5 seconds, signifying
a relatively prompt system response to user actions.
Number of Concurrent Users (U): The average capacity
to handle concurrent users is 47.5, illustrating a
reasonably robust system capacity.

Conclusion

The implementation of "Application to Support
Smart Learning Environment in Co-operative Project-
Based Learning Model on Java Programming Course"
revealed promising results. With an average
functionality score of 85%, the system demonstrated a
commendable implementation of the core features,
confirming its effectiveness in supporting the learning
environment. Although the system's success rate in co-
operative project-based learning reached 75.62%, there is
still room for improvement. The average response time
of 3.5 seconds demonstrates the system's fast response,
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providing a smooth user experience. In addition, the
system demonstrated a strong capacity to handle
concurrent users, with an average of 47.5. In conclusion,
while this application shows striking advantages in
functionality and user interaction, it is recommended to
continue  making  refinements and targeted
improvements to increase its effectiveness in supporting
co-operative  project-based  learning in Java
Programming Course.
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