SR LT NV P,
TP om nen sk

Jurnal Penelitian Pendidikan IPA

http:/ /jppipa.unram.ac.id/index.php/jppipa/index

JPPIPA 11(11) (2025) &

Implementation of Project-Based Learning:

Impact on

Metacognitive Awareness and Student Learning Outcomes on

Corrosion Materials

Dian Anisa Rokhmah Wati!*, Retno Eka Pramitasari!, Noer Af'idah? ,Roudhoutul Aulia Rochim?, Rahma
Ramadhani?, Fajar Satriya Hadi!, Ahmad Bashri*

1Mechanical Engineering, Engineering Faculty, Hasyim Asy’ari Tebuireng Jombang University, Indonesia.
2Science Education, Education Faculty, Hasyim Asy’ari Tebuireng Jombang University, Indonesia.

3 Mathematics Education, Education Faculty, Hasyim Asy’ari Tebuireng Jombang University, Indonesia.
4Biology Education, Faculty of Mathematics and Natural Sciences, Surabaya State University, Indonesia.

Received: September 20, 2025
Revised: October 18, 2025
Accepted: November 25, 2025
Published: November 30, 2025

Corresponding Author:
Dian Anisa Rokhmah Wati
dianrokhmahwati@unhasy.ac.id

DOI: 10.29303 /jppipa.v11i11.12906

© 2025 The Authors. This open access article is
distributed under a (CC-BY License)

Introduction

Learning science, especially chemistry, requires an

Abstract: The research problem is that students often memorize science
concepts without deep understanding, leading to low metacognitive
awareness and an inability to solve new problems like corrosion topics. This
study aims to measure improvement in metacognitive awareness and
cognitive learning outcomes through Project-Based Learning (PjBL). The
research method is that a quasi-experimental method with a one-group
pretest-posttest design was employed. The participants were fourth-semester
mechanical engineering students at UNHASY. Data were collected using a
metacognitive awareness questionnaire and a cognitive learning test,
administered before and after the PjBL intervention. The data were analyzed
quantitatively using a Paired Sample T-Test to determine the significance of
the differences between the pretest and posttest scores for both metacognitive
awareness and learning outcomes. The research results showed significant
improvement in both metacognitive awareness (t=4.70, p<0.05) and learning
outcomes (t=4.87, p<0.05). It is concluded that Project-Based Learning is an
effective instructional model for fostering metacognitive awareness and
improving academic achievement in science education. Its implementation is
highly recommended to develop higher-order thinking skills and deeper
conceptual understanding.
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former involves our awareness of our thought processes,

particularly our declarative knowledge about our
memory (Harrison et al, 2018). Developing

approach that focuses not only on mastering concepts
but also on developing higher-order thinking skills,
including metacognition. Metacognition refers to a
person's awareness and control of their own learning
process, as explained by Ramadhanti et al. (2021)
Metacognition in cognitive psychological theory is seen
as a form of awareness about one's cognition, how one’s
cognition works, and how to regulate it, where the

How to Cite:

metacognitive awareness is a crucial learning skill,
which leads learners to become more effective and au-
tonomous; since, being conscious of how you learn,
helps you identify the most effective ways of doing so
(Louca, 2019).

In the context of chemistry learning, students need
planning, monitoring, and evaluating cognitive
strategies (Andini et al., 2021; Syahmani et al., 2021). This

Wati, D. A. R,, Pramitasari, R. E., Af'idah, N., Rochim, R. A., Ramadhani, R., Hadi, F. S., & Bashri, A. (2025). Implementation of Project-Based
Learning: Impact on Metacognitive Awareness and Student Learning Outcomes on Corrosion Materials. Jurnal Penelitian Pendidikan IPA, 11(11),
815-822. https:/ /doi.org/10.29303 /jppipa.v11i11.12906


https://doi.org/10.29303/jppipa.v11i11.12906
https://doi.org/10.29303/jppipa.v11i11.12906

Jurnal Penelitian Pendidikan IPA (JPPIPA)

is because usually students often face difficulties in
understanding abstract concepts such as corrosion,
which involves complex electrochemical reactions and
applications in everyday life. Students' low
metacognitive awareness makes it difficult for them to
identify misconceptions and adjust learning strategies.
Therefore, a learning approach is needed that can train
metacognitive skills while deepening conceptual
understanding. Thus, learning models are needed to
improve metacognition.

One of the learning models that is considered
effective for improving metacognition is Project Based
Learning (PjBL) (Mulyani et al.,, 2021). PjBL is a real
project-based learning approach that requires students
to design, implement, and reflect on their learning
process (Lukitasari et al., 2021). Thus, enjoyable learning
can have a positive impact on students. If the learning
process is perceived to lack interaction between students
and lecturers, it will negatively affect student grades.
Since the learning process is an activity aimed at
improvement transitioning from not knowing to
knowing, from not understanding to comprehending
the subject matter, and from being unable to analyse to
being capable of independent analysis selecting an
appropriate instructional model is essential to achieve
this objective. The implications of PjBL are that is
improves student engagement, curiosity, creativity,
critical thinking, and scientific skills in secondary school
physics (Aliati et al., 2025).

In the context of corrosion material, PjBL can be
applied through investigative projects such as analyzing
the factors causing corrosion in metals or designing
prevention methods. Through this project, students not
only learn chemical concepts, but also develop
metacognitive skills, such as: Planning - determining the
steps to complete the project. Monitoring - evaluating
understanding during the experiment and Evaluation -
reflecting on the results and difficulties encountered
(Andini et al.,, 2021). Several previous studies have
shown that PjBL is effective in improving students'
metacognitive abilities (Mulyani et al, 2021) and
increasing student’s learning outcomes and motivations
(Hannah et al., 2024) . For example, previous research
has shown that students who learn through PjBL show a
significant increase in metacognitive awareness
compared to traditional learning (Zhang et al., 2021).
However, there is still little research that specifically
examines the implementation of PjBL on corrosion
material and its impact on metacognitive skills. In fact,
this material has great potential to be developed into
contextual projects, such as case studies of corrosion in
industry or the environment.

Furthermore, a challenge in chemistry learning is
students' lack of awareness of the importance of
metacognition. They tend to memorize concepts without
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understanding their own learning process. As a result,
when faced with new problems, such as explaining
corrosion phenomena in real life, students struggle to
apply their knowledge, such as how corrosion rates are
generally calculated using the weight loss method and
electrochemical methods. The weight loss method
measures the weight loss that occurs after a certain
immersion time. The weight loss method is often used
on an industrial and laboratory scale due to its simple
equipment and  relatively = accurate  results
(Ompusunggu et al., 2020).

Project-Based Learning (PjBL) can be a solution
because it provides an inquiry-based learning
experience, where students actively construct
knowledge through exploration and reflection.

Based on the description above, this study aims to
measure the improvement in students' metacognitive
awareness through project-based learning on corrosion,
and to determine students' learning outcomes on
corrosion through project-based learning. The results of
this study are expected to contribute to the development
of learning strategies that not only improve conceptual
understanding but also foster students' independent
learning through a metacognitive approach.

Method

Research Design

This study using a quasi-experimental design with
a one-group pretest-posttest design. Based on Cook
(1979) in Abraham et al. (2022) Quasi-experiments are
defined as experiments that have treatments, impact
measurements, experimental units but do not use
random assignment to create comparisons in order to
conclude changes caused by the treatment. This design
was chosen due to the researcher's limited ability to use
a control class, so the focus was on observing
improvements in one group given the treatment.
Research design scheme:

Oy --X--0,

Description:
O;: Pretest to measure initial abilities.
X: Treatment in the form of implementing the Project-
Based Learning (PJBL) model on corrosion material.
O,: Post test to measure learning outcomes after the
treatment.

Research Participants (Sample)

The sample of this research consists of fourth-
semester Mechanical Engineering students at Hasyim
Asy'ari University (UNHASY) in the academic year
2024/2025 taking the course corrosion technique.
Sampling technique is purposive sampling, where all
members of the population are sampled. The core
principle of purposive sampling is the deliberate
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selection of participants based on specific characteristics
or criteria relevant to the research question. Purposive
sampling is a targeted research method where the
investigator intentionally selects a specific group of
participants who possess particular characteristics
directly relevant to the study's goals (Lenaini, 2021;
Nyimbili et al., 2024). In this research on Project-Based
Learning (PjBL) for corrosion materials, this means the
sample consists solely of a defined group of students
from a specific engineering class who have all completed
the PJBL module. This approach is chosen because it
efficiently provides in-depth, "information-rich" data
from exactly the right participants who have
experienced the intervention, allowing for a focused
analysis of how PjBL impacted their metacognitive
awareness and learning outcomes, rather than aiming to
represent.

Research Variables

This research consists of independent and
dependent variables. The independent variable is the
factor that the researcher deliberately changes or
manipulates to see if it has an effect. It is the presumed
"cause”. In this research, the independent variable is
Project-Based Learning (PjBL) Model for corrosion.
A dependent variable is the factor that is measured, it is
the outcome that may or may not change in response to
the manipulation of the independent variable. It is the
presumed 'effect'". The dependent variable in this
research are Metacognitive Awareness and Cognitive
Learning Outcomes for corrosion.

Data Collection Instruments

Data were collected using two main instruments.
First, to measure student’s level of metacognitive
awareness used adapted from the Metacognitive
Awareness Inventory questionnaire developed by
Schraw (1994) and modified to suit the context of
engineering students and project-based learning
including items in eight metacognitive components,
namely: 1) Declarative Knowledge; 2) Procedural
Knowledge; 3) Conditional Knowledge; 4) Planning; 5)
Information Management Strategies; 6) Comprehension
Monitoring; 7) Debugging Strategies, and 8) Evaluation
(Hindun et al., 2020), Using a Likert scale (1-5). The data
collection method was that the questionnaire was given
to groups before (O,) and after (O,) treatment.

The second data source was a learning outcome test
(Pretest-Posttest) to measure students’ cognitive
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learning outcomes. The pretest and posttest questions
were parallel (same difficulty level and material
coverage, but the question numbers were randomized).
A pretest and posttest measurement of subject attributes
in two categories was performed at the beginning as well
as after the experiment when the group changed their
position (Sirotova et al., 2021). The data collection
method was that both instruments were administered
twice to the same group, first in the pretest (O;) given
before the treatment began and the posttest (O;) given
after the treatment was completed.

Data Analysis

For Metacognitive Awareness and learning
outcomes, data were analyzed using a normality test on
the distribution of the total scores of the pretest and
posttest MAI questionnaires using the Shapiro-Wilk
Test. For the hypothesis test, if the data are normally
distributed, use a Paired Sample t-test was used to
compare the pretest and posttest. If the data are not
normally distributed, the non-parametric Wilcoxon
Signed Rank Test was used. The interpretation was as
follows; (1) if the Sig. (2-tailed) value is < 0.05, then there
is a significant increase in metacognitive awareness after
the PjBL model is implemented. And (2) if the Sig. (2-
tailed) value is < 0.05, then there is a significant increase
in learning outcomes after the PjBL model is
implemented.

Result and Discussion

The Improvement of Metacognitive Awarenss through Project-
Based Learning (PjBL)

The hypotheses of this experiment are (1) Ho =
there is no difference between the learning outcomes of
corrosion before and after the implementation of PjBL on
corrosion material. H1 = there is a difference between the
learning outcomes of corrosion before and after the
implementation of PjBL on corrosion material. (2) Ho =
There is no difference between metacognitive awareness
before and after the implementation of PjBL on corrosion
material and H1 = there is a difference between
metacognitive awareness before and after the
implementation of PjBL on corrosion material.

The quantitative approach is generally used in
research that aims to test a particular theory or
hypothesis by measuring variables that can be calculated
objectively (Aliati et al., 2025). The results of hypothesis
testing can be seen below.
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Table 1. Tests of Normality Metacognitive Awareness
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Kolmogorov-Smirnova

Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Metacognitive Awareness Pretest 13 12 .20% .94 12 .52
Metacognitive Awareness Postest .20 12 19 93 12 43

a. Lilliefors Significance Correction

A normality test is conducted to determine whether
the data to be analyzed are normally distributed or not
(Anderha et al., 2021). The presented results from the
Tests of Normality indicate that the data for both the
Metacognitive Awareness pretest and posttest can be
considered normally distributed, thus meeting a
fundamental assumption for subsequent parametric
statistical analyses. This conclusion is primarily based
on the Shapiro-Wilk test, which is the more reliable test
for the small sample size (n=12) in this study. For the
pretest scores, the Shapiro-Wilk test yielded a
significance value (p-value) of .526, which is

Table 2. Paired Samples Test of Metacognitive Awareness

substantially greater than the common alpha level of .05.
Similarly, for the posttest scores, the significance value
was .433, also well above the .05 threshold. These high
p-values lead to a failure to reject the null hypothesis
(Ho) for both tests, meaning there is insufficient
evidence to suggest that the data deviates from a normal
distribution. The supporting Kolmogorov-Smirnov test
results, with significance values of .200 (pretest) and .195
(posttest). also support this conclusion. Therefore, Hy is
accepted and H, is rejected.

Mean

Std. Deviation t df

Sig. (2-tailed)

Postest - Pretest 4.17

3.07 4.70 11 .001

The results of the paired-samples t-test revealed a
statistically significant increase in metacognitive
awareness scores following the intervention. The
analysis indicated a mean improvement of 4.17 points
from the pretest to the posttest. This observed difference
was found to be highly significant, t (11) = 4.702, p = .001.
The associated standard deviation of 3.07 for the
difference scores indicates a moderate degree of
variability in individual participant gains around this
mean improvement. The highly significant p-value,
which falls well below the standard alpha level of .05,
provides strong evidence to reject the null hypothesis.
Therefore, it can be concluded that the increase in
metacognitive awareness was not due to random chance
but is instead a substantial and statistically significant
effect, likely attributable to the implemented
intervention (PjBL). This is in line with theoretical
research which states that metacognitive awareness is
indicated to be related to one's academic achievement
(Hindun et al., 2020) and Project-based learning as a
comprehensive teaching approach that engages students
in cooperative and ongoing inquiry activities

(Agusdianita, 2023), in which corrosion learning
students are asked to plan, observe, and evaluate, which
is part of metacognitive awareness.

The results of this study indicate a significant
improvement in student’s metacognitive awareness
after the implementation of the Project-Based Learning
(PjBL) model. This improvement is evident in students'
ability to plan learning strategies, monitor
understanding, and evaluate their learning processes
and outcomes more independently and effectively.
These findings indicate that the PjBL model is not only
effective in achieving cognitive objectives but also has
great potential in developing metacognitive awareness
to developing metacognitive skills, which are the
foundation for lifelong learning.

The Improvement of Student Learning Outcomes on
Corrosion Material through Project-Based Learning (PjBL)

The results of the analysis of student learning
outcomes on corrosion material, which can be seen in the
following table.

Table 3. Tests of Normality Learning Outcomes Corrosion Material

Kolmogorov-Smirnov?

Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Pretest .19 12 20 .88 12 .08
Posttest 13 12 .20* .95 12 .64

The normality test using pretest and posttest values
showed that the pretest learning outcome data had a

significance value of 0.087. Since this value is greater
than 0.05, the pretest data are normally distributed.
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Similarly, the posttest learning outcome data had a
significance value of 0.642, which is greater than 0.05,
indicating that the posttest data are also normally
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distributed. Because the data are normally distributed,
further testing is carried out in the form of is a paired
sample test.

Table 4. Paired t Test of Learning Outcome Corrosion Material

Pair Mean Difference

Std. Deviation t df

Sig. (2-tailed)

Posttest - Pretest 15.00

10.66 4.87 11 .00

The results of the t-test analysis show a significance
value of 0.000 with a calculated t-value of 4.874. With df
= 11, the critical t-table value is 2.201. Since the
calculated t-value (4.874) is greater than the t-table value
(2.201) and the significance value is less than 0.05, there
is a significant difference in learning outcomes before
and after the implementation of the Project-Based
Learning (PjBL) model. In other words, PJBL has a
significant effect on learning outcomes. This indicates
that the PJBL model is effective in improving students’
learning outcomes.

This finding is consistent with previous studies that
state PjBL can enhance learning outcomes (Azhari et al.,
2023; Chaniago et al., 2024). The improvement in
learning outcomes aligns with research conducted by
Nurhadiyati et al. (2020), which showed that pretest and
posttest data in experimental groups indicated an
increase in learning outcomes. PjBL can improve
students’ learning outcomes because its goal is to
provide direct problem-solving experiences and to
develop critical thinking skills (Agusdianita, 2023). This
result  inline to  the results point
to a noteworthy and affirmative link showing that when
PjBL is used, students get better
at thinking critically and also do better in their social
studies classes (Wulandari et al., 2025).

It is related to the fact that the stages in PjBL have a
close and direct correlation with the development of
various aspects of metacognitive awareness, namely (1)
Planning, this stage directly trains declarative
knowledge (knowing what to do) and procedural
knowledge (knowing how to do it) from metacognition.
Students must formulate the problem, set goals, and
design a strategy and timeline for completing the
project. This process forces them to map their prior
knowledge and plan the effective use of resources. (2)
Execution/Doing, this stage is closely related to self-
regulation and conditional knowledge (knowing when
and why a strategy is used) (Harrison et al., 2018;
Siqueira et al., 2020). Throughout the project, students
constantly = monitor their progress, encounter
unexpected challenges, and must make real-time
strategy adjustments. This monitoring activity is at the
heart of metacognitive skills. (3) Assessment and
Reflection: this stage is the culmination of metacognitive
training, particularly in the evaluation aspect. Students

clearly

not only assess the final product but also reflect on the
entire learning process. They evaluate what worked,
what didn't, what they learned, and how they can
improve their performance in the future. This reflection
explicitly develops self-evaluation skill (Singh et al.,
2023). It was in line with conclusion from experiment
that using the Project-Based Learning model or PjBL, in
that education can cultivate a positive attitude
among students, influencing both their
ingenuity and academic achievements, as this method
fosters  imaginative, ground-breaking, and enjoyable
educational experiences that are particularly beneficial
to learners (Setiawan et al., 2023).

This is also supported by the characteristics of the
corrosion material itself, which is a type of science
material that is suitable for using the PjBL model in the
learning process for this topic. Corrosion is the oxidative
damage of metal, for example rust on iron (Kurniawati
et al.,, 2024). Corrosion is one of science topics. Science
material has characteristics that distinguish it from other
disciplines, namely it is objective because it is based on
empirical facts from observations and experiments that
can be verified by anyone, systematic and structured
because it is arranged in a logical framework consisting
of interrelated concepts, principles, laws and theories,
universal because its truth applies generally without
being bound by space and time, and tentative because its
scientific truth is temporary and can change or be
improved along with the discovery of new, stronger
evidence through further investigation. Corrosion is a
process of damage to metal materials. It is essentially a
reaction of metal to form ions on the metal surface in
direct contact with water and oxygen. The corrosion of
metal objects is one of the causes of damage to
infrastructure and other metal objects (Natasya et al.,
2022).

Based on the experiment of Atikah et al. (2025) the
characteristic of science is that it is the result of a process
of discovery and not simply a collection of knowledge in
the form of facts, principles, theories, or laws. Scientific
knowledge is acquired through ongoing interaction
between problems (questions) and the physical
environment surrounding living things.

Its relevance to the theories from experiments about
the implementation of Project-Based Learning (PjBL) in
Mathematics Education, which has the same
characteristic with corrosion, explains why PjBL works
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by involving ideas like building knowledge, learning
from others, learning by doing, different ways of being
smart, learning in real-world situations, staying
interested, and figuring out solutions. PjBL seems very
promising for
making international math learning better (Himmi et
al., 2025). In addition to metacognitive awareness, this
study also measured improvements in learning
outcomes. This result is in line with the research
conducted previously, that assessment was obtained
from the pre-test and post-test; all students' scores
increased (Pohan et al., 2022).

It can be concluded that increasing students'
metacognitive awareness is a logical and consistent
impact of implementing the PjBL model. The structured
syntax of PjBL from planning, implementation, to
reflection is inherently designed to train and hone each
component of metacognitive awareness (declarative,
procedural, conditional, and self-regulated knowledge).
Thus, PjBL is not only a model for achieving academic
goals, but also a powerful pedagogical framework for
developing independent, reflective learners who are
aware of their own thinking processes.

Conclusion

It is conclusively demonstrated that Project-Based
Learning (PjBL) is an effective instructional model for
significantly fostering metacognitive awareness and
improving academic achievement in corrosion topics, as
evidenced by the marked improvement in both
metacognitive awareness (t=4.70, p<0.05) and learning
outcomes (t=4.87, p<0.05) among fourth-semester
Mechanical Engineering students at UNHASY. As a
practical implication, the study strongly recommends
the systematic integration of PjBL into the engineering
curriculum, particularly for practical courses like
corrosion technique. Educators should design and
implement structured project-based modules to actively
develop students' higher-order thinking skills and
deepen their conceptual understanding, thereby better
preparing them for real-world engineering challenges.
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