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D3 Mechanical ﬁndings' indicate.that the implementati(?n of PjBL is eﬁ”gctive in
enhancing technical skills, understanding of the material, and
collaborative skills among students. The achievement of success
indicators improved from 56.67% in Cycle I to 86.67% in Cycle
III. PjBL has proven to create more applicable and interactive
learning experiences, increase student motivation, and prepare
them to face industry challenges. This study concludes that the
PjBL model can be more widely applied in vocational education
to improve students' practical skills and prepare them to meet
the growing demands of the industry.
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INTRODUCTION

In the era of globalization, the rapid advancement of science and technology
has brought significant changes to various aspects of life. Science emerges as a
result of human efforts to meet both physical and spiritual needs (Svari &
Arlinayanti, 2024). In this context, institutions not only adapt to technological
changes but also reshape their curricula to prepare students for a dynamic global
landscape (Ersi Ersi et al., 2023).

As Indonesia enters the 21st century, the country faces the necessity of
adapting to the rapid advancements in the digital industry, particularly through
the lens of the Fourth Industrial Revolution. This revolution is characterized by
the integration of digital, physical, and biological systems, leveraging technologies
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such as artificial intelligence, robotics, and the Internet of Things (IoT) to enhance
manufacturing processes (Gamar et al.,, 2018; Sudarmanto & Salim, 2019). To
build a globally competitive manufacturing sector, Indonesia must prioritize the
development of its digital industry, which is crucial for economic growth and
competitiveness in the modern era (Novianti & Asmara, 2023). A key component
of this strategy involves increasing connectivity and digitalization across various
industrial sectors, which will drive efficiency and innovation (Samingan et al.,
2024). By embracing these changes, Indonesia can position itself positively in the
global market, ensuring that its manufacturing industry thrives amidst the
challenges of an evolving digital landscape (Setiawan, 2020).

Indonesia’s strategic initiatives to enhance its manufacturing industry,
particularly through the development of human resource competencies, are
crucial in adapting to the demands of the Fourth Industrial Revolution. The
integration of education and industry is essential, ensuring that the workforce is
equipped with the necessary skills and innovative capabilities (Fitriani, 2024).
Technical drawing plays a vital role in machining processes within the industrial
sector, serving as the primary medium for designing and producing components
with high precision and quality (Permana et al., 2024). The integration of software
such as AutoCAD in medium- to large-scale manufacturing industries enhances
the efficiency and accuracy of these processes (Ali et al., 2024), enabling
industries, including those in Indonesia, to remain globally competitive. The use
of technical drawings, supported by modern technology, ensures that
manufacturing processes are accurate and efficient.

In the industrial sector, machining processes are critical to production
efficiency, relying heavily on technical drawings to ensure accuracy and high
quality in component manufacturing. These drawings serve as the primary
medium for conveying design specifications, which are essential for achieving the
desired product standards (Deokar et al., 2019). The integration of Computer-
Aided Design (CAD) software, particularly AutoCAD, enhances this process by
enabling the creation of detailed engineering designs that improve production
efficiency (Titu & Pop, 2024). In medium- to large-scale manufacturing industries,
such as those in Indonesia, the adoption of AutoCAD not only streamlines the
design workflow but also supports global market competitiveness (Xiang et al.,
2023). As the manufacturing industry continues to evolve, leveraging advanced
technologies such as CAD will be essential for maintaining high-quality
production and driving economic growth (Durakbasa & Osanna, 2011). Thus, the
synergy between technical drawing and CAD software is crucial for the success of
modern manufacturing practices.

Education aims to develop competent and competitive human resources by
enhancing learners' ability to independently improve their intelligence and skills.
At the core of this objective is the learning process, which involves dynamic
interactions between learners, educators, and learning resources in an
educational environment (Sagocak et al., 2013). One of the effective models in
vocational education is Project-Based Learning (PjBL), which engages students in
real-world projects, fostering critical thinking, creativity, and collaboration (Adi et
al., 2023). This approach is particularly beneficial in fields such as Computer-
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Aided Design (CAD) in Manufacturing Engineering, where practical skills are
essential for workforce readiness (Basri et al., 2023; Mudriadi et al., 2024). By
implementing PjBL, educators can significantly enhance student learning
outcomes, equipping them with the competencies needed to excel in their future
careers. Thus, integrating PjBL into vocational education not only improves
academic performance but also prepares students to effectively meet industry
demands.

Project-Based Learning (PjBL) is a pedagogical approach that has shown
significant promise in enhancing student learning outcomes in vocational
education, particularly in fields requiring practical skills such as Computer-Aided
Design (CAD) in Manufacturing Engineering. This method involves students
engaging in real-world projects, fostering critical thinking, creativity, and
collaboration, thereby equipping them with the competencies necessary to excel
in their future careers. The integration of PjBL into vocational education not only
improves academic performance but also aligns student skills with industry
demands, making them more competitive in the workforce. This condition aligns
with the findings of Sukamta et al. (2018), who state that PjBL enables students
to apply theoretical knowledge in practical settings, which is essential in
vocational education. This hands-on experience is particularly beneficial in
technical fields such as CAD, where students must develop proficiency in using
specific tools and technologies.

While PjBL offers numerous benefits, it is essential to consider the broader
context of vocational education. Human resource development through education
is a key factor in economic growth and societal advancement. Vocational
education must continuously adapt to changing global economic demands by
incorporating innovative teaching methods and aligning curricula with industry
standards (Siregar & Hasibuan, 2024; Widiansyah, 2018). Additionally, fostering
a culture of lifelong learning and continuous skill development is crucial for
maintaining competitiveness in the workforce (Zeky, 2022).

Based on the expert opinions presented, it can be concluded that learning
outcomes reflect the level of mastery achieved by students. This mastery can
manifest in various forms, such as increased knowledge, understanding,
attitudes, behavior, skills, competencies, habits, and other aspects that develop
within individuals during the learning process.

The purpose of this study is to examine and analyze the implementation of
the Project-Based Learning (PjBL) model in enhancing students' competencies in
Manufacturing Drawing Techniques using Computer-Aided Design (CAD). This
research aims to identify the extent to which the application of the PjBL model
influences student learning outcomes, including knowledge, skills, and attitudes
that support their readiness to face challenges in the industrial world.
Furthermore, this study seeks to contribute to the development of more relevant
and effective teaching methods in supporting the needs of Industry 4.0,
particularly in the vocational education sector.

METHODOLOGY
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This study falls under the category of Classroom Action Research (CAR),
which aims to enhance the quality of classroom learning through modifications in
existing teaching practices. According to Arikunto (2010), CAR is conducted to
improve the quality of instructional practices in the classroom by actively
involving both teachers and students. This research employs a sample of
students from the Diploma-3 Mechanical Engineering Program at Universitas
Negeri Padang, using a total sampling technique that includes the entire
population of 30 students. The research instruments utilized in this study
include learning materials such as the syllabus and Semester Learning Plan
(RPS).

The research procedure is carried out in three cycles, each consisting of four
stages: planning, action, observation, and reflection. Each cycle includes two
face-to-face meetings, aiming to monitor and evaluate the improvement in
student learning outcomes at each stage. Data collection is conducted using tests
to measure the improvement in student learning outcomes, which are analyzed
using the average formula. The obtained data are then analyzed descriptively to
determine changes in learning outcomes and mastery of other skills.

The method used in this study follows the Project-Based Learning (PjBL)
model, which involves seven developmental steps that engage students in project-
based learning. The instructor plays a role in each stage of the PjBL model, from
formulating expected learning outcomes and understanding instructional
materials to creating and presenting project reports. Through this model,
students are given opportunities to learn actively and practically, develop
technical skills, and solve real-world problems relevant to their vocational field.
Thus, this study aims to enhance students' skills in project-based learning within
the field of Mechanical Engineering.

RESULTS AND DISCUSSION
Results

Based on the research findings presented in the student competency table, it
can be concluded that the success indicators for each cycle have been well
achieved. This indicates that the implementation of the Project-Based Learning
(PjBL) model in this study is effective in enhancing the learning abilities of
Diploma-3 Mechanical Engineering students, particularly in the CAD course.

The improvement in students' learning abilities is clearly reflected through
the significant progress from Cycle I to Cycle III, where each cycle successfully
met the predetermined success indicators. This development illustrates that the
PjBL method has a positive impact on enhancing students' skills and knowledge
in alignment with the intended learning objectives. As evidence, the data recorded
in the following table demonstrate consistent achievements in each cycle,
highlighting the effectiveness and success of this approach in improving learning
quality.

Table 1. Evaluation of Research Success on Students' Learning
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Competencies in the CAD Course

Cvele Action Success Research Action Success
y Indicator (%) Results (%) Description
Successful (17 out of
[0)
I 55 56.67% 30 students)
I 80 80.00% ~ SUCCesS C{gst‘s’)“t of
1 38 86.67% Successful (26 out of

30 students)

The results of this study indicate that the implementation of the Project-
Based Learning (PjBL) model in the CAD course significantly enhances students'
skills and knowledge. This research was conducted in the Diploma-3 Mechanical
Engineering Program, focusing on the evaluation of learning success measured
through the achievement of success indicators in each cycle. In every cycle, the
predetermined success indicators were successfully met, reflecting the
effectiveness of the PjBL model in improving students' learning abilities.

In Cycle I, although the student success rate reached 56.67% (17 out of 30
students), this result suggests that the PjBL model began to have a positive
impact, albeit with room for improvement. At this stage, the implementation of
the learning model was still in its introduction and adaptation phase, which may
have influenced students' comprehension and skill development. However, this
achievement indicates that students started adapting to the PjBL approach.

In Cycle II, the success rate significantly increased to 80% (24 out of 30
students). This indicates that students gained a better understanding and were
able to apply the concepts taught through the projects they worked on. This
improvement also suggests that a more structured project-based learning
approach, which actively involved students in the learning process, effectively
contributed to the development of their skills and knowledge. As the learning
progressed, the approach became more effective in deepening students'
understanding.

In Cycle III, the success rate reached 86.67% (26 out of 30 students), a
remarkable achievement indicating that students had mastered the material more
effectively. At this stage, the PjBL method proved highly effective in developing
technical skills and enhancing students' understanding of Manufacturing
Drawing Techniques. Additionally, the level of student participation and
engagement in each project phase increased, contributing to even more optimal
results.

Overall, these research findings confirm that implementing the Project-Based
Learning (PjBL) model gradually and significantly enhances students' skills and
knowledge. The continuous improvement from cycle to cycle demonstrates that
the PjBL method successfully creates a more interactive, application-based
learning environment that directly impacts learning quality. Thus, PjBL is an
excellent alternative for teaching subjects that require practical skills, such as
Manufacturing Drawing Techniques.
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Figure 1. Success Graph of Actions in Each Cycle

Based on the results of the research reflected in the student learning
outcomes table, it is evident that each learning cycle demonstrates significant
progress in the enhancement of students' skills and understanding. The first
cycle shows lower outcomes, but over time, with the implementation of
improvements and adjustments made in each subsequent cycle, a clear
improvement can be observed. The graph presented in this study illustrates the
trend of students' skill development from Cycle I to Cycle III, indicating that the
approach used becomes increasingly effective over time.

This study was conducted in the Diploma-3 Mechanical Engineering Program
at Universitas Negeri Padang. The implementation of the Project-Based Learning
(PjBL) model in this research has proven to have a positive impact on students'
learning outcomes. This method enables students to actively engage in the
learning process by solving relevant problems and working on real-world projects,
leading to the development of enhanced skills.

In the first cycle, although improvement was observed, the results were not
yet optimal as students were still adjusting to the new learning method. However,
following reflection and improvements in the second and third cycles, students'
learning outcomes increasingly showed significant development. This
improvement is evident in students' knowledge, skills, and attitudes, with
students becoming more active in learning, as well as in their ability to apply
manufacturing drawing concepts in real-world contexts.

Table 2 illustrates the achievements made during the research process,
showing progressive advancements in each cycle. These accomplishments
indicate that the Project-Based Learning method not only enhances theoretical
understanding but also provides students with the opportunity to develop
practical skills that will be valuable in the industry. Thus, this research provides
evidence that the implementation of Project-Based Learning can significantly
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improve students' learning outcomes and prepare them to face challenges in an
increasingly competitive workforce.

Table 2. Evaluation of the Success of Research Actions in Improving Student
Learning Outcomes

Cycle Success Action Research Results Action Success
Indicator (%) (%) Description
I 50 57.00 Successful
II 60 72.00 Successful
III 75 85.00 Successful

Based on the research results presented in the table and diagram regarding
the achievement of success in the research actions for student learning
outcomes, it can be concluded that the application of the Project-Based Learning
(PjBL) model successfully enhanced students' learning skills. This success is
reflected in the achievement of success indicators, which continually increased in
each cycle, indicating significant progress in students' learning outcomes over
time. The diagram illustrating the improvement in students' skills shows that
student learning outcomes continued to improve from Cycle I, II, to III, indicating
that this approach became more effective and had a positive impact on students'
abilities in the Manufacturing Drawing Techniques subject.

In Cycle I, although the success indicators were achieved, the research
findings showed relatively lower results compared to the subsequent cycles. This
suggests that while there was improvement, students still required further
guidance and deeper understanding to fully grasp the taught material. However,
with a more in-depth implementation of PjBL in Cycle II, a significant
improvement was observed. At this stage, students became more actively engaged
in the learning process by focusing on projects relevant to real-world applications,
thereby strengthening their understanding of Manufacturing Drawing
Techniques.

Cycle III demonstrated the most optimal results, with both success indicators
and research outcomes reaching their highest values. This indicates that the
implementation of PjBL in the third cycle effectively encouraged students not only
to comprehend theoretical concepts but also to master the practical skills
essential in the field of Mechanical Engineering.

The application of Project-Based Learning in this context provides students
with the opportunity to learn through direct experience. In the Manufacturing
Drawing Techniques course, students not only learn technical concepts but are
also encouraged to work on real-world projects that involve the use of tools and
techniques relevant to the manufacturing industry. This not only enhances their
understanding of theory but also equips them with practical skills that can be
applied in the workforce. PjBL also enables students to collaborate in teams,
which develops their collaboration and communication skills—key competencies
in the professional world.

The success of PjBL in improving the learning outcomes of Diploma-3
Mechanical Engineering students demonstrates that project-based learning can
be an effective model for teaching technical skills in vocational education. This
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approach provides students with hands-on, application-oriented experiences that
enhance critical thinking, problem-solving abilities, and practical skills. Thus, the
findings of this study provide evidence that Project-Based Learning is a viable
method for equipping students with relevant, industry-ready competencies,
particularly in the field of manufacturing engineering. Furthermore, this research
can serve as a foundation for developing more innovative and effective learning
models in the future.
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Figure 2. Diagram of Student Success Improvement
Discussion

This study shows significant progress in students' skills in the CAD course
after the implementation of the Project-Based Learning (PjBL) model. The results
reflect clear improvement in each cycle, in line with previous findings that
suggest PjBL enhances technical skills, critical thinking, and problem-solving
abilities (Mabrur et al., 2024).

In the first cycle, students' skills were categorized as satisfactory, indicating a
basic understanding of the material and drawing skills using AutoCAD software.
The second cycle showed improvement to a "good" category, suggesting that
students were increasingly mastering basic techniques and applying them in
tasks. A more notable improvement occurred in the third cycle, where students'
skills reached the "excellent" category. This indicates a deeper understanding of
the material and more efficient technical skills (Priambudi, 2022). This
improvement aligns with the HappyCAD system, which demonstrates the
effectiveness of an interactive learning environment where students engage with
3D models and receive feedback, further enhancing their understanding and
application of AutoCAD in engineering graphics (Tsuei & Lai, 2015).

This progress is also consistent with research indicating that PBL motivates
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students to become more active and engaged in learning (Lestari et al., 2024).
Project-based learning offers students the opportunity to work with relevant and
challenging material, which increases their motivation to complete tasks and
learn in greater depth. Students' involvement in complex projects encourages
them to think creatively and improves their collaboration skills, as noted by
Rendon & Martinez (2024), who emphasized that PBL hones collaborative and
time-management skills.

In the first and second cycles, while there was improvement, changes in the
learning process were not as visible, possibly due to students still being in the
adaptation phase with the PjBL model, which requires them to be more active,
independent, and accountable for their tasks. Significant improvement was
evident in the third cycle, where students began to show more noticeable progress
in drawing skills and the quality of their work. This suggests that this transition
allowed students to develop higher-level thinking skills and problem-solving
abilities, which are the primary goals of PjBL (Febrianti & Hamimi, 2024).

Moreover, the PjBL model supports the development of students' critical
thinking and problem-solving skills. As Raida & Ardianti (2024) point out, PjBL
requires students to identify problems in their projects, plan solutions, and
complete tasks with higher quality. The results of this study also show that
students became more capable of analyzing and solving problems with greater
precision, as demonstrated in the more complex project tasks in the third cycle.

These findings underscore the effectiveness of the PjBL model in enhancing
not only technical skills but also student motivation, material understanding, and
collaborative abilities. This model, which integrates the principles of project-based
learning, fosters an environment where students are engaged in real-world
projects, promoting an active and responsible learning approach. Specifically, the
PjBL model has proven to significantly improve students' manufacturing drawing
skills, particularly in using AutoCAD software (Lockhart, 2011), as evidenced by
the progression from the "satisfactory" to "excellent" categories across several
cycles. This improvement reflects the model's emphasis on the development of
high-level thinking and problem-solving skills, in line with educational objectives
to foster independent learning.

The results are also in line with several studies that confirm the successful
implementation of PjBL in improving technical skills. For example, in research
focusing on digital fabrication, students reported increased proficiency in 2D and
3D modeling, prototyping, and machine operation after participating in open
prototyping activities (Soomro et al., 2024). In the context of mechanical drawing,
experiential learning methods, similar to PjBL, have been effective in improving
students' understanding and practical skills in using CAD software (Nasution et
al., 2024). Additionally, collaborative learning, a core component of PjBL, is
considered enjoyable and beneficial for skill development, although it may not
always align with individual skills development, such as 2D modeling and
programming (Soomro et al., 2024). The Peer-PjBL model, which combines
project-based learning with peer-to-peer learning, has been shown to significantly
enhance students' self-efficacy and creativity, crucial for collaborative and
managerial skills (Sutopo et al., 2024).
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Based on these findings, it can be concluded that the application of the PjBL
model significantly improves students' manufacturing drawing skills, particularly
in using AutoCAD software. This skill improvement is reflected in the clear
progress from the satisfactory category in the first cycle, to good in the second
cycle, and finally excellent in the third cycle. This success aligns with the primary
goals of PjBL, which include the development of high-level thinking skills and
problem-solving abilities.

Thus, the Project-Based Learning model has proven effective in improving the
quality of learning, both in terms of technical skills and students' learning
attitudes. Therefore, it is recommended that this model be applied more broadly
to other subjects to enhance students' practical skills, problem-solving abilities,
and collaborative skills comprehensively.

CONCLUSION

This study demonstrates that the implementation of the Project-Based
Learning (PjBL) model significantly enhances the skills and understanding of
students in the Diploma-3 Mechanical Engineering Program. Over the course of
three research cycles, students' learning outcomes showed rapid development,
with the success rate steadily increasing in each cycle. Starting from 56.67% in
Cycle I, it improved to 80% in Cycle II, and reached 86.67% in Cycle III.

This improvement reflects the effectiveness of PjBL in creating an interactive
and applied learning environment, where students can develop technical skills,
critical thinking, and problem-solving abilities through real-world projects.
Industry-based projects allow students to better master the concepts of
manufacturing drawing techniques and the use of AutoCAD software.
Furthermore, the application of this model also encourages increased student
motivation and collaborative skills when working in groups.

Therefore, the PjBL model has proven effective in improving the quality of
vocational education, particularly in enhancing students' practical skills relevant
to the workforce. This research recommends the implementation of PjBL not only
for the Manufacturing Drawing Techniques course but also for other vocational
fields that require technical and collaborative skills, to better prepare students for
the challenges of the industrial world.
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