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Abstract

This study aims to examine the effect of project-based learning on students' metacognitive skills at Bhakti Samudera Vocational High School,
Surabaya. This study uses a quasi-experimental design with a control group and an experimental group to compare student outcomes with
project-based learning and conventional learning methods. Data was collected through questionnaires before and after the intervention to
measure students' metacognitive skills. The experimental group received project-based learning instructions, while the control group followed
conventional methods. Data analysis involved calculating mean scores and paired sample t-tests to test statistical significance. The findings of
this study indicate that students in the experimental group with project-based learning have higher metacognitive skills compared to the control
group. This shows the positive impact of project-based learning on students' metacognitive development. The implications of this study highlight
the importance of integrating project-based learning as a pedagogical approach in vocational high schools. By providing students with
opportunities to apply knowledge in real-life situations, solve problems, and develop higher-order thinking skills, project-based learning
enhances the metacognitive abilities needed in the modern world. However, it should be acknowledged that this study has limitations, such as the
specific context of Bhakti Samudera Vocational High School and the use of a questionnaire as a measuring tool. Future studies should involve a
more diverse sample and use more objective measurement methods to further explore the effects of project-based learning on metacognitive
skills. In conclusion, this study shows that project-based learning has a positive and significant influence on increasing students' metacognitive
skills at Bhakti Samudera Vocational High School. This supports the application of project-based learning as an effective teaching strategy to
promote metacognitive development and equip students with the competencies needed for future success.
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INTRODUCTION

The changing times that require individuals to master 21st-
century skills have had a significant impact on education
(Anazifa & Djukri, 2017). As a result, there has been a shift in
learning activities. In the 21st century, learning should focus
on equipping learners with essential 21st-century skills, work
habits, and character traits that are believed to be crucial for
achieving success in life. Project-Based Learning is an
approach that involves teachers guiding students to create
comprehensive practical projects, either individually or in
groups, as part of a series of educational activities (Xie, 2016).
This approach enables students to apply their knowledge in
specific work situations and design products to solve practical
problems. By incorporating Project-Based Learning, students
can enhance their practical skills and problem-solving abilities,
preparing them for the challenges of the modern world. This
pedagogical approach aligns with the demands of the 21st
century and ensures that students develop the necessary
competencies to thrive in their future careers. According to
Regulation No. 23 of the Minister of National Education No.
23 of 2006 concerning graduate competence, vocational high
schools are the only path that can lead to creative careers, both
individually and in groups (Permendiknas, 2006). Skills
development comes from a learning process that encourages
cognitive, behavioral, and psychological growth in students.
One of the factors that contribute to the development of skills
is the learning process, which includes the selection and
implementation of appropriate learning models.
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Based on real conditions at Bhakti Samudera Vocational High
School, electrical engineering subjects related to students'
competence in the electricity field are part of the grouping of
productive subjects. This subject has a minimum completeness
criterion limit of 75. However, in reality, there are still students
who have not reached this standard. So far, the teaching and
learning process carried out in class XII at Bhakti Samudera
Vocational High School, Surabaya, has not used a project-
based learning model, so students' thinking processes and
metacognitive skills are not optimal for Electrical Engineering.
To enhance students' metacognitive skills, the Project-Based
Learning model is applied. The Project-Based Learning model
can be used as a learning approach that uses projects or
activities as learning media. This will educate students to
explore, investigate, interpret, analyze, and collect information
to achieve various learning outcomes. Previous Study findings
show that project-based learning strategies can improve
learning quality (Eskrootchi & Oskrochi, 2010). They
combined a project-based learning approach with computer-
based simulation media in their research. This research
concludes that students develop knowledge through a
combination of interaction, interpretation, peers, and teachers
while using technology. In previous studies about Project-
Based Learning to facilitate the acquisition of specific
competencies in the electrical engineering field, the results
showed that project-based learning involves students actively
discussing, making plans, solving problems, and increasing
motivation (Iturregi et al, 2017). The enhancement of
metacognitive skills is important in learning electrical
engineering at Bhakti Samudera Vocational High School,
Surabaya. Metacognitive skills help develop students' ability to
learn cognitive strategies in electrical engineering subjects.
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Metacognitive skills allow students to select and invent
strategies explicitly by thinking about their understanding of
the task demands, their available cognitive resources, and their
own experience of solving similar problems (Rahman et al.,
2010). The metacognitive knowledge dimension includes
knowledge of general awareness as well as knowledge of
awareness and self-awareness. The emphasis is on students
becoming more aware of knowledge and being responsible for
their ideas. The learning development of students tends to be
better when they realize their thoughts are related to general
awareness, which leads to actions based on that awareness.
Once this awareness is realized, students can begin the thought
process by designing, monitoring, and assessing what they
have learned. Metacognitive skills help students solve
problems and improve their learning performance. In this
context, this study aims to examine the effect of using project-
based learning on the Metacognitive Skills of Students in
Vocational High schools.

METHODS

This study uses quasi-experiments. Quasi-experimental studies
are commonly used in educational research to evaluate the
effectiveness of educational interventions or programs
(Gopalan et al., 2020). The research subjects consisted of 56
students, who were divided into 28 students in the control class
and 28 students in the experimental class. The control class
should be similar to the experimental class in terms of relevant
characteristics such as age and the class into which the groups
are divided. The control class aims to help rule out alternative
explanations for research results. For example, if the
experimental class shows a greater increase than the control
class, the intervention likely caused the increase compared to
other factors (Sahli et al., 2016).

Data regarding students' metacognitive skills were collected
through a questionnaire. Questionnaires were given to students
before and after learning. There are 30 statements, where
positive statements are given a score of 4 for "strongly agree,"
a score of 3 for "agree," a score of 2 for "disagree," and a score
of 1 for "strongly disagree." For negative statements, a score of
1 was given for "strongly agree," a score of 2 for "agree," a
score of 3 for "disagree," and a score of 4 for "strongly
disagree." Therefore, the score of this variable is calculated as
the sum of the scores of all items. The hypothesis in this
research is whether there is an effect of project-based learning
on students' metacognitive skills. To test the research
hypothesis, a paired sample t-test was used. Post-test analysis
was carried out by comparing the post-test scores between the
experimental and control groups to evaluate the effectiveness
of the intervention. The t-test was used to determine whether
there was a significant difference between the two groups after
the intervention.

RESULTS

Post-test analysis was carried out by comparing post-test
scores between the experimental group and the control group
to determine the effectiveness of project-based learning on
students' metacognitive skills.

Data from the control class showed that the average
metacognitive skill was 77.75, while in the experimental class,
the average metacognitive skill was 94.50 (Table 2). The
results of the t-test showed a t value of -3.384 and a Sig (2-
tailed) value of 0.02, which means the value is less than 0.05
(Table 3). Therefore, it can be concluded that there is a
significant effect of the project-based learning model on
students' metacognitive skills.

Table 1. Metacognitive Skills Questionnaire

Number Statement

1 I feel happy when I study electrical engineering subjects.

2 I feel confident when facing exams in electrical engineering subjects.

3 I am afraid of being electrocuted during the electrician's practice.

4 I feel that I do not understand when studying electrical engineering subjects related to calculations.

5 I feel happy when there is an electrical engineering practice lesson.

6 I feel happy during the electrical engineering subject.

7 I am confident when dealing with people who are better at electrical engineering than I am.

8 I will not push myself if I fall behind in understanding electrical engineering subjects.

9 I try my best to learn electrical engineering subjects related to the material.

10 To be the smartest in understanding the subject of electrical engineering is my desire and goal.

11 1 think that there is always a way out if I have difficulty solving electrical engineering problems.

12 I study electrical engineering subjects according to the planned schedule.

13 Being the smartest and understanding electrical engineering concepts is not my goal.

14 1 think that if I can't solve an electrical engineering problem, it means that the electrical engineering problem is wrong.
15 1 will tell my friends about electricity concepts that I know if they don't understand.

16 I increase the frequency of studying electrical engineering if I fall behind in electrical engineering subjects.

17 I care about the practical implementation of electrical engineering subjects.

18 I don't care if I fall behind my friends in electrical engineering.

19 I am not interested in helping my friends who have difficulty studying electrical engineering.

20 1 share work with my friends if I work on electrical engineering assignments in groups.

21 I always tell my friends if there is a problem in electrical engineering class.

22 I do not care if my friends have difficulty studying electrical engineering.

23 I will always share my knowledge with my friends, even though I do electrical engineering assignments in groups.

24 I will not correct my practical work if there is a mistake.

25 I am confident when working in groups with friends who are better at electrical engineering than I am.

26 I am confident when working in groups with friends who are less good at electrical engineering than I am.

27 I don't need to pay close attention to the electrical engineering practice that is being carried out because I am sure that I can complete it.
28 I will follow the procedure steps during the electrical practice so that there are no mistakes in carrying it out.

29 T always conclude that project work is always related to the theory of conceptual understanding of the theory of evaluation.
30 I feel happy when I can present and evaluate the results of the electrical practical work that I am doing so that I will have a better

understanding of implementation in the world of work later.
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Table 2. Descriptive Experiment and Control Group

Std. Deviation

Std. Error Mean

Group Mean N
Experiment  94.5000 28
Control 77.7500 28

15.40202
16.85587

2.91071
3.18546

Table 3. Result from uji t for experiment and control group

Paired Differences t df

Sig. (2-tailed)

Mean Std. Deviation ~ Std. Error Mean ~ 95% Confidence Interval of
the Difference
Lower Upper
Pair 1  Experiment—Control Group -16.75000 26.19107 4.94965 -26.90584 -6.59416 -3.384 27 .002

DISCUSSION

The results of the analysis show that there are significant
differences between the experimental group that uses project-
based learning and the control group that does not use this
model. This shows that the application of project-based
learning effectively improves students' metacognitive skills.
The results of this study are consistent with the findings of
previous research showing that project-based learning can help
students develop student metacognitive awareness by
encouraging them to reflect on their learning and think about
how they learn best. This can help students become more
aware of their thinking processes and develop strategies to
study more effectively in the future (Yusuf & Widyaningsih,
2020). Other findings indicate that Modified problem-based
learning (M-PBL) can be used in chemistry classes to develop
students' metacognitive and problem-solving skills. A study
found that implementing a modified problem-based learning
strategy had a better effect than conventional strategies on
students' problem-solving skills and metacognitive knowledge.
Modified problem-based learning involves students working
on real-world problems that require them to apply their
knowledge and skills to find solutions (Jusniar et al., 2023).
Metacognitive skills have an important role in learning
electrical engineering at Bhakti Samudera Vocational High
School. Metacognitive skills assist students in developing
effective cognitive strategies in electrical engineering subjects.
In this study, the application of project-based learning
specifically aims to improve students' metacognitive skills.
The results of the analysis show that the experimental class
that uses project-based learning has an average higher
metacognitive skill compared to the control class. Thus, the
use of project-based learning models can be considered an
effective strategy to improve students' metacognitive skills.
This learning model allows students to apply their knowledge
in real situations, solve practical problems, and develop higher-
order thinking skills. In the context of vocational high schools,
where the development of productive competencies is very
important, a project-based learning approach can be an
appropriate method for preparing students to face the
increasingly complex demands of the world of work.

Conclusion

This study demonstrates that implementing project-based
learning positively and significantly affects the metacognitive
skills of students at Bhakti Samudera Vocational High School.
The experimental class, using project-based learning, exhibited
higher metacognitive skills compared to the control class.
Project-based learning enables students to apply knowledge,
solve practical problems, and develop higher-order thinking
skills.

Previous research supports these findings, showing that
project-based learning improves learning quality and student
motivation. In vocational high schools, where developing
productive competencies is crucial, project-based learning is an
effective strategy for preparing students for the demands of the
workforce. Applying project-based learning in electrical
engineering successfully improved metacognitive skills at
Bhakti Samudera Vocational High School. These findings
highlight the importance of innovative and relevant learning
approaches aligned with 21st-century education. Project-based
learning effectively enhances metacognitive skills, preparing
students for future challenges. However, this study has
limitations, including the need for caution in generalizing
findings as it focused on specific vocational high schools.
Additionally, using a questionnaire to measure metacognitive
skills may affect the accuracy and validity of the data. Future
studies should involve more vocational high schools and
employ varied and objective measurement methods to deepen
understanding of project-based learning's impact on
metacognitive skills. In conclusion, this study provides
evidence that project-based learning improves metacognitive
skills at Bhakti Samudera Vocational High School. These
results contribute to the development of innovative and
relevant learning approaches aligned with 21st-century
education.
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